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Abstract. For more than 25 years now, AS00C class
reinforcement has been the most widely used in
reinforced concrete structures. The introduction of class
AS500C reinforcement has been accompanied by
extensive research into its mechanical properties, bond
with concrete, weldability and behavior under repeated
loading. In particular, data have been obtained on the
state diagram, the fulfilment of standardized
mechanical properties such as yield strength, tensile
strength, elongation at break, the bond with concrete of
crescent-shaped reinforcing bars, thermal weldability,
and the strength of butt and cross-shaped welded joints.
At the same time, the strength of both the class A500S
reinforcement itself and its welded joints under low-
cycle and repeated loading remains poorly understood.

This paper presents the results of experimental
research on the most widely used types of welded
joints for class A500C reinforcing bars — the C1-Ko
type butt joint and the K1-Kt type cross joint under
low-cycle repeated loading.

The research carried out included tests on samples of
20A500C reinforcing bars made from St3Gps steel and
25A500S reinforcing bars made from 25G2S steel in
their as- manufactured condition, their butt welds C1-
Ko for tensile strength and cross-shaped joints K1-Kt
with  10A500C and 12A500C reinforcing bars for
rationalization by welding under monotonically
increasing and low-cycle repeated loading. The
maximum cycle stresses were taken as 0,80, which
amounted to 400N/mm?, and the minimum cycle stresses
as 80 N/mm? The stress range and cycle asymmetry
coefficient were, respectively, Ao=320N/mm? and
p=0.2. The number of loading cycles was set at 50, after
which the specimens were subjected to a monotonically
increasing load until failure.

It has been established that failure of the C1-Ko
welded joint under monotonically increasing and
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low-cycle repeated loading occurs within the heat-
affected zone. In tests under monotonically
increasing loading, the tensile strength of the C1-Ko
welded joint for 20A500C reinforcing bars was
0,88-0,92, and for 25A500C reinforcement made of
25G2S steel — 0.89-0.90 times the strength of the
reinforcement in its as- manufactured condition.

The test results showed that repeated loading did
not have a lasting effect on the strength of C1-Ko
butt welds in 20A500C and 25A500C reinforcing
bars. The reduction in strength compared with a
monotonically increasing load did not exceed 1-
2%, and was within the test accuracy limits,
amounting to 0,87-0,90 of the tensile strength of the
reinforcement in its manufactured state.

Failure of the K1-Kr welded joint under a
monotonically increasing load occurred in the base
metal, whereas under low-cycle repeated loading, failure
occurred either in the base metal or in the heat-affected
zone. The reduction in strength due to welding of class
AS500S reinforcement bars — 20A500C and 25A500C —
in a K1-Kr type welded joint with reinforcement bars of,
respectively, 10A500C and 12A500C, under a
monotonically increasing load did not exceed 1-2% and
was within the test accuracy limits, which, on the whole.

The test results showed that low-cycle repeated
loading did not have a lasting effect on strength of
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Cl-Ko and KI1-Kr welded joints made from
20A500C and 25A500C reinforcing bars; the
reduction in strength, compared with tests using
amonotonically increasing load, did not exceed 1—
2% and was within the test accuracy limits, as was
the case with tests on reinforcement in its
manufactured state.

Keywords: welded; joint: strength; class
A500C; low-cycle repeated loading

PROBLEM STATEMENT AND
ANALYSIS OF PREVIOUS RESEARCH

A significant number of reinforced concrete
structures used in modern industrial, civil,
transport  and hydraulic engineering
construction, including the spans of railway and
road bridges, crane girders, foundations and
floor slabs supporting unbalanced process
equipment, and others are subjected to repeated
loads during their service life.

The A500C class reinforcement used in such
structures, as per DSTU-3760, has specific
characteristics that affect both the strength of
the reinforcement itself and the welded joints
used. Firstly, the reinforcement has a crescent-
shaped cross-sectional profile, in which the
transverse ribs do not intersect with the
longitudinal rib, which prevents the formation
of stress concentrators at the points where the
ribs intersect and positively affects the
reinforcement’s resistance to repeated loading.
Secondly, A500C class reinforcement
according to DSTU-3760 is thermomechanical
hardened, a feature of which is the varying
strength of the layers within the cross-section.
Thus, the outer layer, formed as a result of
quenching with water during the manufacturing
process from 900°C to 400-500°C, has greater
strength, whilst the inner core, formed as a
result of self-tempering under conditions close
to isothermal, has lower strength, approaching
that of steel in its as-cast condition. In this case,
the strength of the reinforcing bar is determined
by the integral strength of the outer layer and
the inner core.

This structure of the reinforcement has a
negative impact on the strength of its welded
joints, which involve heating to temperatures of
500-700°C  without subsequent cooling,

ByniBenbHi koHcTpyKuii. Teopis i npakTuka * 18/2026

ISSN 2522-4182

leading to a loss of strength to almost the level
of the initial state.

The weldability of thermomechanical
strengthened reinforcement of class A500C is
the subject of the works [1-3], which, in
particular, investigated thermal weldability [1],
improvements to welding technology [4], and
the strength of various types of welded joints
[4,5,6].

It has been established that at heating
temperatures of 650°C and above, there is a
significant drop in the temporary resistance and
yield strength of the reinforcement to values
close to those of the material in its as-received
condition, i.e. a complete loss of the
thermomechanical strengthening effect [1],
which limited the number of types of welded
joints for A500C class reinforcement. Thus, for
a butt joint of A500C class reinforcement of
type C1-Ko, according to [3], the strength
reduction ranged from 8 to 20% and depended
on the diameter and mark of steel, reflecting the
behavior of thermomechanical strengthened
A500C class reinforcing bars when heated
during the welding process [1].

A similar trend was observed for cross-
shaped welded joints of types K1-Kr and K3-
Pp according to [2], for which the hardening
during welding in tests amounted to,
respectively, up to 4% and between 4% and
10%. In shear tests of cross-shaped welded
joints between A500C class reinforcement and
A240C class reinforcement, the reduction in
strength compared to the initial state was up to
11%, and for joints between AS500C class
reinforcements — up to 20% [2].

As regards the testing of A500C class
reinforcing bars and their welded joints under
repeated loading, such studies have only been
conducted under multiple repeated loading
cycles, with a view to determining fatigue
strength and the number of such studies is
insufficient to draw definitive, well-founded
conclusions.

At the same time, it is known that the
presence of welded joints leads to a reduction
in the strength of the reinforcement under
repeated loading and depends on the type of
welded joint. The types of welded joints used
can be broadly divided into two groups. The
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first group comprises welded joints formed by
directly welding the reinforcement elements
through the melting of the base metal. The
second group comprises welded joints formed
by the deposition of filler material between the
elements.

The reduction in the strength of welded
joints in the first group under repeated loading
is due to the presence of a stress concentration
point formed by the settlement of the
components at the moment of welding. In
welded joints of the second group, the joint area
can be conventionally divided into a zone of
metal that has been melted and a zone of base
metal that has been heated to a temperature
below its melting point. In turn, the molten
metal zone consists of filler metal that has not
been mixed with the base metal, and a region of
diffusion mixing between the filler and base
metals, where hardening cracks form, reducing
the strength of the welded joints in the
reinforcement under repeated loading cycles.

The works [7-21] are devoted to studies of the
strength of welded reinforcement joints under
multiple repeated loading (fatigue), within the scope
of these studies, data have been obtained on residual
stresses [7—13] and fatigue cracks developing in
welded joints [14-16], the strength of butt [13,17]
and T-joint welded connections [18]. The
experimental data obtained formed the basis for
computational assessments of the strength of
welded joints under repeated loading, including the
modelling of fatigue crack propagation [19], and the
prediction and assessment of the strength of welded
joints based on fracture mechanics [20, 21].

In current regulatory documents, the effect of
multiple cyclic loads on the strength of reinforcing
bars and their welded joints is taken into account in
fatigue calculations by adopting an appropriate
fatigue life curve DSTU-B V.2.6-156.

As regards the strength of welded joints and
A500C class reinforcing bars according to DSTU-
3760 under low-cycle repeated loading, no such
experimental studies have been conducted to date,
despite the fact that most structures operate
precisely under such conditions, and a reduction in
the strength of reinforcing bar joints occurs even
under static loads.

In light of the above, the study of the strength
of welded joints of A500C class reinforcement
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under low-cycle repeated loading represents a
pressing task from both a theoretical and
practical perspective.

The purpose of the work is to conduct
experimental studies to determine the failure
mode and strength of butt C1-Ko and cross-
shaped K1-Kr welded joints in A500C class
reinforcing bars, formed by contact and
contact-spot  welding  respectively in
accordance with DSTU-B V.2.6-169 under
low-cycle repeated loading.

MAIN MATERIAL AND
RESULTS OF RESEARCH

For the purposes of testing, the following
welded joints of A500C-grade reinforcing bars
were selected, as these are the most commonly
used in modern construction for the fabrication
of reinforcement cages and meshes in
reinforced concrete structures:

- Cl-Ko type butt joint, produced by
resistance spot welding;

- K1-Kr type cross-shaped joint, performed
by contact spot welding.

For the tests, samples of 20A500C
reinforcement made from St3Gps steel mark and
25A500C reinforcement made from 25G2S steel
mark were selected from industrial production
batches with a carbon equivalent close to the
minimum. The chemical composition of St3Gps
and 25G2S steel mark for 20A500C and 25G2S
reinforcing bars is given in Table 1.

The experimental research programme
included:

- tensile testing of reinforcement specimens
in accordance with DSTU-10080 to
determine the mechanical properties of the
reinforcement in its initial state;

- fabrication and tensile testing in
accordance with DSTU-B V.2.6-168 of
welded joints C1-Ko and K1-Kt under a
monotonically increasing load;

- fabrication and testing of welded joints C1-
Ko and K1-Kr under low-cycle repeated
loading, respectively, for tensile testing in
accordance  with DSTU-10080 and
hardening by welding in accordance with
DSTU-B V.2.6-168.
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Tabl.1. Chemical composition of steel
Taou.1l. XiMiunuii cxiazn craii
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Diameter, Chemical composition of steel, %
mm C | Mn | si S P | Cr | Ni | Cu| As Ti | Ce
20 0,20 | 0,58 | 0,07 | 0,033 | 0,008 | 0,04 | 0,00 | 0,010 | 0,005 | 0,0021 | 0,31
25 0,22 | 1,13 | 0,02 | 0,019 | 0,015 | 0,16 | 0,02 | 0,03 | 0,007 | 0,002 | 0,45

The mechanical properties of the
reinforcement in its as-manufactured condition
(yield strength, ultimate tensile strength,
relative elongation after fracture and relative
uniform elongation) were determined during
tensile testing in accordance with DSTU-10080
of three specimens.

For the cross-shaped welded joints K1-Kr,
10A500C reinforcement was used as the
transverse bar for the 20A500C longitudinal
bar, and 12A500C for the 25A500C
longitudinal bar.

The C1-Ko and K1-Kr welded joints were
fabricated in accordance with the relevant
provisions of. In particular, the C1-Ko welded joints
were fabricated on an MSO-606 machine using the
continuous melting method without preheating. The
set length was taken within the range (0.6-1.0)d, the
melting length within (0.3-0.5)d, and the diameter
of the burr was not less than 1.2d. The heating
temperature of the rods during welding was
measured using a “Raynger MX” optical pyrometer
and, in the area adjacent to the fusion line, was
780°C ... 870°C. and at distances of 10 and 30 mm
from the fusion line —415°C ... 570°C and 360°C

398°C, respectively. K1-Kt cross-shaped
welded joints were performed on an MTP-75

machine; the relative reduction was 0.25-0.32d (d
— diameter of the smaller rod). The clamping force
of the electrodes was set at 2.5-4.0 kN. The heating
temperature of the main (longitudinal) rod during
welding was measured using a ‘Raynger MX’
optical pyrometer and ranged from 326°C to 400°C.

In tests involving low-cycle repeated loading,
the maximum cycle stress was taken as 0.8, which
amounted to 400 N/mm?, and the minimum cycle
stress as 80 N/mm? The stress range and cycle
asymmetry  coefficient  were,  respectively,
Ag=320N/mm? and p=0.2. The number of loading
cycles was set at 50, after which the specimens were
subjected to a monotonically increasing load until
failure. A total of five specimens of each type of
welded joint were tested.

The composition of the experimental studies for
determining the strength characteristics of the
reinforcement in the as-manufactured condition is
given in Table 2, the strength of welded joints C1-
Ko and K1-Kr under monotonically increasing
load testing — in Table 3, and the strength of
welded joints under low-cycle repeated tensile
loading and weld hardening — in Table 4.

Tabl.2. Testing of reinforcement samples in their manufactured condition
Ta6a.2. Cxian BUnpoOyBallbHUX 3pa3KiB y BUXiTHOMY CTaHi

No | Diameter, | Reinforcement Steel Number Type lo ftest, Parambeters
n/n class mark regulatory o be
mm samples document specified
1 20 A500C St3Gps Tensile strength accordingto | Oy, Ou, G,
2 25 A500C 25G2S DSTU-10080 5,
BygisenbHi koHCTpyKuii. Teopis i npakTuka * 18/2026 11
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Tabl.3. Composition of welded reinforcement joints tested under a monotonically increasing load
Ta6a.3. Cxiag 3BapHHX 3'€JHAHb ApMATYPH, SIKi BUNPOOYBAIUCH ITPU MOHOTOHHO 3POCTAI0uOMY

HaBaHTAXCHHI
Ne Ty;ie of | Weldable reinforcing bars | Number of Type of test, regulatory
wn | W _ded samples, document
joint bar 1 bar 2 pcs
Cl-Ko | @20A500C | &20A500C 3 Tensile strength according to DSTU-10080
1
Cl-Ko | @25A500C | &25A500C 3 Tensile strength according to DSTU-10080
KI-Kr | @20A500C | @10A500C 3 Rationalization by vvvelglﬁrsl_g1 g(écordlng to DSTU-B
K1-Kt GI5AE00C | G12A500C 3 Rationalization by Vslg'gi g;cordmg to DSTU-B

Tabl.4. Composition of welded reinforcement joints tested under low-cycle repeated loading
Ta6a.4. Cxian 3BapHHX 3'€THAHb apMATYPH, SKi BUPOOYBAIHCH TIPYA MOJIOIIUKIIOBUX TIOBTOPHHUX

HaBaHTaAKCHHAX
No Type of | Weldable reinforcing bars | Number of Type of test,
H/;I welded samples, regulatory
joint bar 1 bar 2 pcs document
Tensile strength according to DSTU-10080
1 CLK (J20A500C | Z20A500C 5 under low-cycle repeated loading
-RO
Tensile strength according to DSTU-10080
D25A500C | ©25A500C > under low-cycle repeated loading
Tensile strength according to DSTU-B
5 KLK D20A500C | B10A500C S V.2.6-168 under low-cycle repeated loading
-RT
Tensile strength according to DSTU-B
J25A500C | ©12A500C > V.2.6-168 under low-cycle repeated loading

The test results for the reinforcement specimens
in their as-manufactured condition are given in
Table 5, for the welded joint, C1-Ko under
monotonically increasing and low-cycle repeated

loading tests, respectively, in Tables 6 and 7, and
the welded joint K1-Kr under monotonically
increasing and low-cycle repeated loading tests,
respectively, in Tables 8 and 9.

Tabl.5. Test results for the reinforcement specimens in their as-manufactured condition
Taon.5. Pezynbratu BUunpoOyBaHb 3pa3KiB apMaTypy Y BUXIAHOMY CTaHi

Diamete Number gy - - o, /o s s
r, of samples, N/mm v oy yoru o o

mm ocs 5 N/mm H/mm Y0 Y0

1 565,5 696,7 1,23 22,5 10,6

2 562,4 624,8 111 20,0 11,7
20 3 562,4 656,1 609,2 1,17 20,0 10,9

1 559,9 695,8 1,24 19,2 12,6

2 559,9 699,8 1,25 20,8 114
2 3 559,9 689,8 6955 1,23 19,2 10,9

12

Notes: o, ., - the average value of the ultimate resistance
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Tests on samples of the C1-Ko reinforcement
welded joint revealed the following.

Failure of the C1-Ko welded joint under
monotonically increasing and low-cycle repeated
loading occurred within the heat-affected zone.

The average strength of the C1-Ko welded joint
under monotonically increasing load for diameters
20A500C and 25A500C was 600.5 N/mm? and
615.5 N/mm? respectively (Table 6). The range of
strength values for the welded joint
was 24.3-12.3 N/mm? and did not exceed the
standardized range value of 38.0 N/mm? as per
DSTU-B V.2.6-168.

The strength of the C1-Ko welded joint during
tests with a monotonically increasing load for
20A500C reinforcement was 0,88-0,92 and for

ISSN 2522-4182

25A500C reinforcement made of 25G2S steel —
0.89-0.90 times the strength of the reinforcement
in its as-manufactured state (Tabl. 5, 6), which, on
the whole, corresponds to previous tests of welded
joints of A500C-class reinforcement [4].

The average value of the tensile strength of the
Cl-Ko type welded joint for 20A500C
reinforcement during low-cycle repeated loading
tests was 599.5 N/mm? and for 25A500C
reinforcement — 604.9 N/mm?. Thus, the reduction
in the tensile strength of the welded joints
compared with loading under a monotonically
increasing load did not exceed 1-2% and was
within the test accuracy limits.

Tabl.6 Test results for the C!-Ko welded joint under a monotonically increasing load
Ta6.1.6. Pesynbratu BunpoOyBaHb 38apHOro 3’equaHHst C!-Ko npu MOHOTOHHO 3pOCTal040My HaBaHTAXEHH1

-I\;%Fl)ge%f Diameter, Ow , Ow,mm,) Ow,max » Ow,min R ) Ow,mm
joint mm N/mm? H/mm? H/mm? H/™mm? | H/mm? oy

609,4

20 582,5 600,5 609,8 582,5 24,3 0,91
Cl1-Ko 609,8
614,3

25 622,3 615,5 622,3 610,0 12,3 0,89
610,0

Notes: o, - the ultimate value of the resistance of a welded joint; o, nm - the average value of the ultimate resistance

of a welded joint; o, max - the maximum value of the ultimate resistance of a welded joint; oy, min -
the minimum value of the ultimate resistance of a welded joint; R - Range of the ultimate resistance

values of welded joints; Gu'm/owm - the ratio of the average ultimate resistance of the reinforcement
in its manufactured condition to the average ultimate resistance of the welded joint

Tabl.7. Test results for the C1-Ko welded joint under a low-cycle repeated loading
Ta6a.7. Pesynbraru BunpoOyBaHb 3BapHoro 3’equanis C1-Ko npu MajgonukioBoMy HOBTOPHOMY

HaBaHTAXCHHI
Type of welded | Diameter, Ow Ow mis Ow,max » Ow min R, Ow,mi
joint mm N/mm? H/mm? H/mm? H/mm? | H/mm? Ou,mm
606,5
570,0
Cl-Ko 20 603,2 599,5 605,7 570,0 35,7 0,99
589,8
605,7
606,83
599,0
C1-Ko 25 600,0 604,9 608,5 599,0 9,5 0,98
608,5
606,1
BypiBenbHi koHCTpyKuii. Teopisi | npakTuka * 18/2026 13
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Tabl.8 Test results for the K1-Kt welded joint under a monotonically increasing load
Ta6x.8. Pesynpratu BunpoOysans 3BapHOro 3’eqHanns K1-KT npu MOHOTOHHO 3pOCTarouoMy

HaBaHTA)KECHHI
Type of Connected bars Oy, O mm» Ow max Oy mins R, | Zwmm
welded | longitudinal | transverse | N/mm? | H/mm? H/Mm? HvM2 | H/mwm? oy
joint 2
662,5
K1-Kt @20 @10
As00C | Asooc | %406 | 6513 662,5 6406 | 219 | 098
650,8
686,0
K1-Kt 525 12
A500C A500C 680,0 699,3 680,0 19,3 0,99
699,3

Tests on samples of the K1-Kr reinforcement
welded joint revealed the following.

Failure of the K1-Kr welded joint under a
monotonically increasing load occurred in the base

metal (Table 8), whereas under low-cycle repeated
loading, it occurred either in the base metal or in
the heat-affected zone (Tabl. 9).

Tabl. 9. Test results for the K1-Kt welded joint under a low-cycle repeated loading
Ta6a. 9. Pesynbrat BuripoOyBanb 3BapHOro 3’eqHanHsa K1-Kt mpu ManonukioBoMy NOBTOPHOMY

HAaBaHTAXKEHHI

Type of Connected bars
welded | longi-tudinal trans-verse
joint

Ow
N/mm?

O,
Owl,mm> Owl,max Owl,min» R ) M
H/vm? H/Mm? H/mm2 | HMM? | Oy mm)

650,3!

642,62

K1-Kt 20 A500C @10 AS00C | 660,12

646,0 660,3 630,0 | 30,3 | 0,99

648,0*

630,0!

679,0

668,5

K1-Kt 25 A500C @12 A500C | 678,07

677,6 679,0 668,5 105 | 0,98

683,72

671,21

Notes: * - breakage of the base metal; 2 breakage in the thermal influence zone

The average strength of the K1-Kr welded
joint under a monotonically increasing load for 20
A500C and 25A500C reinforcement bars was
651.3 N/mm? and 688.4 N/mm? respectively
(Tabl. 8) and depended on the strength of the
metal in its as-received condition. The range of
strength values for the welded joint was 21.9 and
19.3 N/mm? and did not exceed the standardized

14

range value according to DSTU-B V.2.6-168,
which is 38.0 N/mm?.

The hardening of A500C grade reinforcement
in a KI1-Kr type welded joint under a
monotonically increasing load did not exceed 1..
2% and fell within the test accuracy limits.
Furthermore, the results obtained are, on the
whole, consistent with data from previously

BynisenbHi koHCTpyKUii. Teopis i npakTuka * 18/2026




conducted tests on K1-Kr type welded joints for
weld hardening [3].

The average strength of the K1-Kr welded joint
of 20A500C reinforcement in weld hardening tests
under low-cycle repeated loading was 646.2
N/mm?, and that of 25A500C reinforcement was
677.6N/mm?. Thus, the weld hardening of the K1-
Kt joint under low-cycle repeated loading,
compared with a monotonically increasing load,
did not exceed 1-2% and was within the test
accuracy limits.

CONCLUSIONS

Experimental studies were conducted on
the most commonly used types of welded joints
for A500C class reinforcing bars — the tensile
strength of C1-Ko-type butt joints made by
resistance spot welding and the hardening of
K1-Kr-type cross joints made by resistance
spot welding under low-cycle repeated loading.

The effect of low-cycle repeated loading on
the  fracture  behavior and  strength
characteristics of welded joints was assessed on
the basis of tests on samples of A500C- class
reinforcing bars - 20A500C made of St3Gps
steel and 25A500C made of 25G2S steel in the
as-received condition (as-supplied condition),
for C1-Ko and K1-Kt welded joints under
monotonically increasing and repeated loading.
For the cross-bar of the K1-Kr cross-shaped
welded joints, 10A500C reinforcement was
used for the 20 A500C longitudinal bar and
12A500C for the 25A500C longitudinal bar
during weld hardening tests.

For the repeated loading tests, the most
‘severe’ loading regime was adopted, with the

maximum possible cycle load of 0,80,,=400

N/mm?, a cycle stress range of Ad=320 N/mm?
and a minimum cycle asymmetry factor of

p=0.2. The number of loading cycles was set at
50, after which the specimens were brought to
failure under a monotonically increasing load.
A total of five specimens of each type of welded
joint were tested.

It was established that the failure of the C1-
Ko type welded joint under a monotonically
increasing and low-cycle repeated load occurs
in the heat-affected zone. In tests with a
monotonically increasing load, the tensile

ByniBenbHi koHcTpyKuii. Teopis i npakTuka * 18/2026
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strength of the C1-Ko welded joint for
20A500C reinforcement was 0.88-0.92, and for
25A500C reinforcement made of 25G2S steel —
0.89-0.90 times the strength of the
reinforcement in its manufactured condition
(Tabl. 5, 6), which, in general, corresponds to
previously conducted tests of welded joints of
A500C class reinforcement [4].

According to the test results, low-cycle
repeated loading did not have a lasting effect on
the strength of the C1-Ko butt welds of 20
A500C and 25 A500C reinforcing bars; the
reduction in strength compared to a
monotonically increasing load did not exceed
1-2%, was within the test accuracy limits and
amounted to 0.87-0.90 of the tensile strength of
the reinforcement in its manufactured state.

Failure of the K1-Kr welded joint under a
monotonically increasing load occurred in the
base metal (Tabl. 8), whereas under low-cycle
repeated loading, failure occurred either in the
base metal or in the heat-affected zone (Tabl.
9). The reduction in strength due to welding of
A500C class reinforcement bars — 20A500C
and 25A500C — in a K1-Kr type welded joint
with reinforcement bars of, respectively,
10A500C and  12A500C, under a
monotonically increasing load did not exceed
1-2% and was within the test accuracy limits,
which, in general, is consistent with the data
from previously conducted tests of K1-Kr type
welded joints for hardening by welding [3].

According to the test results, low-cycle
repeated loading did not have a sustained effect
on the work hardening of C1-Kr joints made of
20 A500C and 25A500C reinforcing bars;
compared to tests with a monotonically
increasing load, the work hardening did not
exceed 1-2%, and remained within the test
accuracy limits, as was the case with tests on
reinforcement in its manufactured state.

To draw definitive conclusions regarding the
effect of low-cycle repeated loading on the
strength characteristics of C1-Ko and K1-Kr
welded joints of A500 class reinforcement,
further tests must be conducted using
12A500S... 16A500C made of St3ps steel, as
well as shear strength tests on K1-Kr joints for
the full range of diameters, since K1-Kt is a
standardized  strength  joint and the

15
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manufacturing process has a significant effect
on the softening of the main bar due to welding.
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MIIHICTD 3BAPHUX 3'€1HAHDb
APMATYPHU KJIACY AS00C IIPH
MAJIOIIUKJIOBUX ITOBTOPHUX
HABAHTAKEHHAX

fOniu KJIIMOB

AmnoTaisi. [IpoTsiroM ocTaHHIX Bike MOHa]] 25 pOKIB
apmarypa xmacy AS00C € HaHOULIBII —IIMPOKO
BUKOPUCTOBYBAHOIO B 3aIi300€TOHHHX KOHCTPYKIIiSIX.
[Ipomec BrpoBamkeHHs apMarypu kimacy AS00C
CYIIPOBOJDKYBABCST UHMCJICHHUMH JIOCITI/DKSHHIME 1
MEXaHIYHAX XapaKTePUCTHK, 3YCIUICHHS 3 OCTOHOM,
3BapIOBaHOCTI Ta TIOBENIHKM MpPH  TMOBTOPHHX
HABAaHTOKCHHSIX. 30KpEeMa, OTPUMAaHO JaHi Ipo
Jiarpamy — cTaHy, 3a0e3IEeYeHiCTb  HOPMOBAHMX
MOKA3HMKIB MEXAHIYHNX XapaKTEPUCTUK, TaKUX SIK
MeXa TEeKydOCTi, OMip PO3PHBY, BITHOCHE ITOJIOBKECHHS
NpPH PO3PHBI, 3YCIUICHHS 3 OCTOHOM apMarypu 3
ceprionofionM mpodisieM, TEIUIOBY 3BapIOBaHICTH Ta
MILHICTh CTHKOBHUX 1 XPECTONMOIIOHMX 3BapHUX
3'etHaHb. BoHOYAC MIITHICTB SIK CaMoi apMaTypH Kiacy
AS500C, Tak i ii 3BapHUX 3'€/THAHB TP MATOIMKIOBHUX 1

OaraTopazoBo TIOBTOPFOBAHHX HABAHTKCHHSIX
3QJIUIIAETHCS MaJIOJOCITIIPKEHOIO.

Y pobori HaBEJICHO pe3ynbTaTH
EKCIICPUMCHTAIIbHUX  JIOCHI/PKeHb  HAHOUIBII

IIMPOKO 3aCTOCOBYBAaHWUX Ha TMPAKTHIlI THIIB
3BapHUX 3'eHaHb apMarypu kmacy AS00C -
CTUKOBOI'O 3'€JHAaHHS KOHTAKTHUM 3BaplOBaHHAM
tumy C1-Ko Ta XxpecromoaiOHOTO 3'€qHaHHS
KOHTAKTHHAM 3BapPIOBAaHHAM K1-Kt Ipu
MaJIOLMKJIOBUX OBTOPHUX HABAaHTAXKECHHSIX.
[TpoBeneHi AOCTIHKEHHS BKITFOYATN BATIPOOYBAHHS
3paskiB apmarypu 20A500C 3i crami mapku Ct3[mic Ta
25A500C 3i crami mapku 2512C y craHi OCTaBKH, iX
CTUKOBUX 3BapHUX 3'eqHanb C1-Ko Ha MirHicTh mpu
po3TsryBaHHI Ta Xpecronomionnx 3'eqaans K1-Kt 3
apmaryporo 10A500C i 12A500C Ha po3M'SKIIEHHS
3BAPIOBAHHAM TMPH MOHOTOHHO — 3pOCTalouMX 1
MAJIOLMKIIOBUX MOBTOPHUX HaBaHTHKCHHSX.
MakcuManpHl  Hampy)KeHHsT UKy —MPUAMAIOThCS
pisanmu 0,80,,, mo crasosmno 400 H/vm? , miniManbHi
HanpyxeHHs Kty — 80 H/mm2. Pozmax Hampy»keHs i
KoeimieHT acuMeTpii MUKy TPH [OMY BiINIOBITHO
cranopmm Ac =320H/mmv? (MI1a) 1 p=0,2. KitbkicTh
IIVKJTIB TIOBTOPHMX HABAHT&KEHb MpHiMaiacs PiBHOIO
50, mmciA AKX 3pa3Kd JIOBOIWIINCS 10 PYHHYBAHHS
MOHOTOHHO 3pPOCTalOUMM HABAHTHKEHHSIM.
BceraHoBieno, 110  pyiliHyBaHHA ~ 3BapHOIO
3'eqHanHs TUITy C1-Ko npyn MOHOTOHHO 3pocTarouoMy
Ta MAaJONMKIOBOMY IOBTOPHOMY HAaBaHTa)KEHHI
BiIOYBa€eThCA B 30HI TepMiuHOro BIumBY. Ilim wac
BUNPOOYBaHb MOHOTOHHO 3pOCTAIOYUM

BynisenbHi koHCTpyKUii. Teopis i npakTuka * 18/2026


https://doi.org/10.1016/j.ijfatigue.2018.01.002
https://doi.org/10.1016/j.tafmec.2016.02.002
https://doi.org/10.1016/j.prostr.2017.11.108
https://doi.org/10.1016/j.tafmec.2016.09.003
https://doi.org/10.3390/s17051082
https://doi.org/10.3390/ma11040594
https://doi.org/10.3390/ma11010081
https://doi.org/10.1016/j.ijfatigue.2017.04.014
https://doi.org/10.1016/j.engfracmech.2017.09.010
https://doi.org/10.1016/j.engfailanal.2014.12.021

HABaHTAKEHHSIM MIIHICTF HAa PO3TAT  3BAPHOTO
3'emnannsa C1-Ko ms apmarypu 20A500C cranoBmia
0,88-0,92, a ms apmarypu 25A500C 3i crami Mapku
2512C - 0,89-0,90 minHOCTI apMaTypH y BUXiTHOMY
CTaHi.

PyltnyBanns 3Baproro 3'eqnanns tumy K1-KT npu
MOHOTOHHO 3pOCTaI0YOMY HaBaHTHKEHHI BITOYBaTIOCT
10 OCHOBHOMY MeTaTy (Ta0J1. 8), a Mpy MaJIOIMKIIOBUX
TIOBTOPHHX HABAHTKEHHSIX — 110 OCHOBHOMY METaJTy
a00 B 30Hi TEPMIYHOTO BILTHBY (Ta0J1. 9). Po3mirtHeHHS
3BaproBaHHsM apMmatypu kinacy AS00C - 20A500C i
25A500C y 3BapHomy 3'emnHanni tumy KI1-Kt 3
apmarypoto, BifamosinHo, 10A500C ta 12A500C npu
MOHOTOHHO  3pOCTal0dOMy  HAaBaHTOKCHHI  HE
nepepuinyBasio 1.2% 1 3HaXoQWIOCS B Mekax
MOXUOKH BUTIPOOYBaHb.
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3a pesynbraraMd IMPOBENCHUX BHUIPOOYBaHb
MaJIOLMKJIOBE TIOBTOPHE HABAaHTAKEHHS HE Majo
CTIHKOTO BIUTMBY Ha MilTHICTb 3BapHUX 3'emHanb C1-KT
i KI-Kr apmarypm 20 AS500C Tta 25 AS00C,
PO3MIITHEHHS ~ TIOPIBHSHO 3  BHNPOOYBaHHAMH
MOHOTOHHO  3pOCTalOYWM  HABAHTQKEHHSM  HE
niepeBUIyBaIo 1. ..2%, mepedyBaio B MeXax TOYHOCTI
BHUIIPOOYBaHb, SIK 1 MPU BUMPOOYBAHHSAX apMaTypH B
BUXIHOMY CTaHi.

KuarouoBi cjoBa. 3BaproBaHHS, 3’ €IHAHHS,

MirHicTh; kiac AS00C; ManonnKIOBe TOBTOPHE
HaBaHTAKEHHS.
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