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Production and use of reinforcing bars of strength class 500-600 MPa from steel
with carbonitride hardening

An analytical review of the production of high-strength reinforcing bars from steel with
carbonitride hardening is made, as well as an assessment of the requirements of new regulatory
documents for this type of product, where new characteristics of properties are introduced. The
main criteria that determine the applicability of rebar in construction are the characteristics of
strength and deformability - relative uniform elongation or full relative elongation at maximum
load, as well as the ratio of tensile strength to yield strength. The level of these properties is
differentiated into three groups, this determines the applicability of reinforcing bars for buildings
and structures for critical purposes, depending on climatic and seismic conditions. It has been
established that the production of reinforcing bars of strength class 500-600 MPa from steel with
carbonitride hardening significantly increases the consumer properties of the finished product
(endurance, cold resistance, seismic resistance, fire resistance and fire safety). The use of
reinforcing bars of strength class 500-600 MPa made of steel with carbonitride hardening provides
an increase in the reliability of reinforced concrete structures, buildings and structures, especially
during construction in regions with increased seismic activity and large differences in ambient
temperatures. Attention is drawn to the fact that carbonitride hardening of steel, vanadium,
niobium, molybdenum, etc. leads to a significant increase in the cost of finished products, which
is an unprofitable measure for manufacturers of rebar. Such an expensive rental will not be
competitive. A more correct and economically justified way is to carry out carbonitride hardening
of reinforcing bars of strength class 500-600 MPa by alloying (modifying) steel with a system of
elements - nitrogen, titanium and aluminum.

Key words: carbonitride hardening, rebar, strength class, seismic resistance, consumer properties,
fire safety, cold resistance, endurance.

Introduction

In recent years, the production and consumption of rebar for reinforcing reinforced concrete structures
has undergone significant changes, there has been a change in the requirements for consumer properties of this
product. A large number of plants that use electric remelting and continuous casting of billets have greatly
contributed to improving product quality, new regulations have been developed that have significantly
increased the requirements for certain characteristics, which in turn determine the reliability of reinforcing bars
[1, 2]. The main criteria that determine the reliability of rebar are the characteristics of deformability (relative
uniform elongation (3;) or total relative elongation at maximum load (dmax), as well as the ratio of tensile
strength to yield strength (cs/co2). The level of these characteristics is divided into three groups, which
determines the applicability of rebar rolling in the construction of buildings and structures for critical purposes,
depending on climatic and seismic conditions. But, the ongoing tightening of requirements in the production
of building structures poses a difficult task for the metallurgical industry, which is to create innovative steels
for mass use. This will ensure the production of products with high consumer properties, namely: strength
while maintaining plasticity in a wide temperature range, lowering the temperature threshold of brittleness,
fatigue strength under static and dynamic loads, including alternating, corrosion resistance, etc. Ensuring the
reliability requirements of reinforced concrete structures that work in extreme conditions is accompanied by a
decrease in the metal intensity of production due to savings in materials [3-5].
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Method and subject of research

Analytical studies were carried out according to available sources of information in order to justify the
use of carbonitride hardening of steel for the production of reinforcing bars using an alloyed system that forms
carbonitrides based on nitrogen, titanium and aluminum.

Results and discussion

1. The essence of carbonitride hardening and ways of implementation

The production of metal products of a high strength class without the use of steel alloying processes with
substitution elements (Cr, Ni, Mo, etc.), which in turn are expensive, is achieved by implementing the
mechanisms of dispersion and grain boundary strengthening. These mechanisms can be implemented by
creating excess carbonitride phases during the alloying process of steel with the following elements, which
have an increased affinity for carbon and nitrogen. To obtain high mechanical properties and performance
characteristics for steel of the ferrite-pearlitic class, these types of steels are additionally alloyed with nitrogen
(0.010-0.015%) and elements that form nitrides and carbonitrides. Vanadium, titanium, niobium, etc. act as
such elements. In this case, ferrite grain refinement has a decisive influence on the full range of consumer
properties of reinforcing bars (class 500-600 MPa), including strength. Ferrite grain refinement is provided by
carbonitria, which have a regulating effect on the grain microstructure of the metal. The dispersion and amount
of the excess phase is determined by the ratio of the phase-forming elements and the level of their
concentrations, as well as the number of temperature regimes of rolling and thermomechanical treatment.
Ordinary carbon steel can be microalloyed with titanium and aluminum. In this case, titanium determines the
level of nitrogen solubility in the liquid metal and is responsible for the formation of carbonitride inclusions
in the melt. Titanium also acts as a regulator of the size of the primary cast grain. Aluminum forms the grain
structure of steel during thermomechanical processing of rebar. Also, aluminum nitrides form in solid metal.
Along with high requirements for strength characteristics, it is important to increase the level of plastic
properties of structural steel; this can only be possible with the introduction of carbonitride hardening
technology based on nitrogen, titanium and aluminum.

2. Experience in the production of rebar from steels with carbonitride hardening

At present, rebars of strength class 500 MPa (class A500C, B500C) and 600 MPa (class A600C and
B600C) are manufactured using traditional technologies and are delivered to consumers in the following
conditions:

- hot-rolled state (without forced cooling after rolling), in thermally hardened state (with forced water
cooling after rolling);

- cold-deformed state (rolled wire profiling at room temperature).

3. The level of consumer properties of AP from steels with carbonitride hardening

In modern construction, metal products are used for the construction of buildings and structures for civil
and industrial purposes, as well as special objects are built (nuclear power plants, sea berths, high-rise
buildings, etc.). At the same time, reinforcing bars with a wide range of high consumer properties are used.
This issue is especially relevant during construction in regions with difficult climatic and seismic conditions.
Therefore, in the newly developed regulatory documents for reinforcing bars [2], the concept of “an additional
set of mechanical (consumer) properties™ is specially introduced, which include cold resistance, endurance,
seismic resistance, fire resistance and fire safety. In modern construction, increased attention is paid to the
study of fire resistance and fire safety of reinforcing bars and regulatory documents are introduced to control
and ensure these characteristics [5, 6, 14-16]. In [7], scientific studies were carried out to assess the mechanical
and operational properties of AS00C and A600C class reinforcing bars made of St3 grade steel, which was
subjected to the process of microalloying with vanadium with varying concentration. Conducted tests for fire
resistance and fire safety. The results obtained showed that an increase in the vanadium content to 0.11%
provides a high level of fire safety up to 630 © C, which indicates the high reliability of vanadium steel in
reinforced concrete structures after fire exposure. Experiments were carried out in which the temperature
threshold of fire resistance of the studied samples was determined. Increasing the content of vanadium to
0.11% has a positive effect on the value of the yield strength during tensile tests during thermal exposure. The
papers [8-10] present the results of studies of the properties of reinforcing bars made of steel, which was
subjected to the process of microalloying with vanadium. To determine additional characteristics, a series of
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experiments was carried out for corrosion resistance (class AS00K), endurance (class A500U), fire resistance
and fire safety (classes AS00C and AS00E). As a result of scientific research, it was found that reinforcing bar
with carbonitride hardening meets the requirements of regulatory documents [2] in terms of mechanical
properties to class ASOOE; reinforcing bars of classes ASO0K and AS00E made of steels St3Gps, St3Gsp and
18G2S meet the requirements of regulatory documents [2] for resistance to corrosion cracking; for steels St3ps
and St3Gsp, in terms of resistance to fatigue, repeatedly repeated cyclic loads, it meets the requirements of
regulatory documents [2] for class A500U. The obtained scientific results on fire resistance and fire safety
made it possible to establish the reliability of reinforcing bars to the effects of sudden heating. The papers [11-
13] present the results of scientific research on the evaluation of the properties of An600S class reinforcing
bars made of 20G2SFBA steel, which contains vanadium, niobium and molybdenum.

Based on numerous tests, it has been established:

- in terms of impact strength during testing for dynamic bending, the value of the work of destruction of
prototypes significantly exceeds the normalized requirements for values even for special frost-resistant steels,
in which impact strength at a temperature of -150°C remains at the level of 10 J/cm?;

- unique tensile properties are demonstrated at low temperatures, while ductility is fully preserved;

- tests for endurance and low-cycle fatigue showed the validity of the use of An600C class reinforcing
bars under seismic loads;

- when testing on the effect of heating, it was found that the mechanical properties of steel grade
20G2SFBA of the An600S class are retained even after heating to a temperature of 700 ° C, which is a
characteristic of a material with increased fire resistance.

From the conducted analytical study, it can be concluded that the maximum increase in the consumer
properties of ordinary steel grades through the use of carbonitride hardening [11].

4. Prospects for the consumption of AP from steels with carbonitride hardening

The presented results of the mechanical properties of reinforcing bars made of steels with carbonitride
hardening indicate that carbonitride hardening is a significant way to improve the consumer properties of steel
products. Based on the foregoing, in modern construction there is an increase in the consumption of reinforcing
bars from steels with carbonitride hardening. When comparing the costs of implementing the process of
carbonitride hardening of steel, it should be noted that alloying an ordinary steel grade with vanadium, niobium
and molybdenum is an expensive way to improve the mechanical properties of metal products. An alternative
way is to harden the steel by additional introduction of nitrogen, titanium and aluminum. The effectiveness of
these measures has been proven in other sources [17, 18].

Conclusions

Based on the conducted analytical studies, the following can be concluded:
1. The production of reinforcing bars of strength class 500-600 MPa from steel with carbonitride

hardening significantly increases the consumer properties of finished metal products (endurance, cold
resistance, seismic resistance, fire resistance and fire safety).

2. The use of reinforcing bars of strength class 500-600 MPa from steel with carbonitride hardening
provides an increase in the reliability of reinforced concrete structures, buildings and structures during
construction in regions with increased seismic activity and climatic features in the form of large temperature
differences.

3. Carbonitride hardening of steel with vanadium, niobium, molybdenum, etc. leads to a significant
increase in the cost of finished metal products, and it can be concluded that such products will not be
competitive.

4. The most rational and economically justified method is carbonitride hardening of rebar by modifying
steel with nitrogen, titanium and aluminum.
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A.B. UBuenko, I0.A. byOnukos

KapoouuTpuari 6epikriri 6ap 6oaarran xacaaran 500-600 MIla 6epikrik
KJIACHIHIAFBI APMATYPAJBIK WIeM/i 0HIIpy KdHe KOJIaHY

KapOonuTpuari HeIFaWThUTFaH OONAaTTaH JKacajFaH OEpIKTIiri >KOFapbl apMaTypaliblK TpPOKaT
OHJIpICiHEe aHAJIMTUKAIIBIK IHOJYy jKacaliabl, COHAAM-aK KAacHeTTEp[iH >KaHa CHIaTTaMajiapbl
EHTI3IIreH OHIMHIH OCBhl TYpPiHE jKaHa HOPMATHMBTIK Ky KaTTapIblH TajanTapbiH Oaranay
opeiHganael. Kypbuibicta apmatypanblk WMiaemaeydiH KOIAAHBUTYBIH AHBIKTAWTHIH HETri3ri
KpHTepuiiiiep OepiKTIK MeH aedopMalMsIHbIH CHIIATTaMajIapbl OOJIBIT TaObUIaIbI-MaKCHMAaIbI
JKYKTEME Ke3IH[e CajibICThipMalibl OIPKEIKi y3apTy HEMeECe TOJIbIK CajbICThIpMalibl y3apTy,
COHJIal-aK yaKbITIIA KaPChIIBIK MMEH aKKbIITHIK KoddduipenTi. byn kacuerrepain aeHreiii yur
TonKa OesiHeni, OV KIMMATTBIK JKOHE CEMCMHKAIBIK JKarmaijapra OaiijaHbICThI >KayarlThl
MaKkcaTTarbl FUMapaTTap MEH KypbUIbICTAP YIIIH apMaTypajblK MPOKATTbIH KOJAAHbLIYbIH
anpikTaiiael. KapOGouutpuari Oepikriri 6ap Oomarran skacaiaran 500-600 MIla Oepikrik
KJIACBIHAAFbl apMaTypasblK WIEMIEY OHIIPICI JalblH ©HIMHIH TYTHIHYLIBLIBIK KACHETTEPIH
(Te3IMIOTIK, CYBIKKAa TO3IMIUIIK, JKE€p CIIKIHICIHE TO3IMIMIK, OTKAa TO3IMIOUIIK KOHE OTKa
TO3IMILIIK) €Idyip apTThIpaThiHbl aHbIKTaNabl. KapGonutpuari Oepiktiri Oap Oomarran
»kacanran 500-600 MIla OepikTik KiIachIHAAFBI apMaTypasibIK WJIEMIlI KOJJAaHy TeMipOeToH
KOHCTPYKLMSUTAPBIHBIH, FUMapaTtrap MeH KYpPbUIBICTAPABIH  CEHIMIUIICIH  apTTBIPYAbI
KaMTaMachl3 €Telmi, ocipece CelMCMUKAIBIK OENCEeHIIIri »KoFapel »KoHE KopllaraH opra
TeMIepaTypPachbiHbIH YJIKEH albIpMalIbUIbIKTaphl Oap aiMakTapia KypbuUibic Ke3iHae. bonaTThiH,
BaHAAWNIH, HUOOMM/IIH, MONMMOIEHHIH >XoHE T.0. KapOOHWUTPHMATI KATarobl AaWbIH ©HIMHIH
O3iHIIK KYHBIHBIH adTapibIKTall oCyiHe oKeJIeTiHiHe Haszap aydapbUiaabl, Oy apMaTypajbIK
MPOKAT OHAIPyUIiIepi YIIiH THIMCI3 mapa OonbI Tabbumaasl. MyHaai KeIMOaT sxangay 6acekere
kaOinerri 6ommaiiger. 500-600 MIla GepikTik KnacslHAAFbl apMATYPAIBIK MIIEMII KAPOOHUTPUITI
KaTalTy[bl 3JIEMEHTTEPIiH JKyHeci - a30T, THUTaH JKOHE AaIOMUHUAMEH  JOMHHT
(MomubuKanysiiay) apKbUIbl )KYPrizy HEFYPJIbIM JYPBIC KOHE SKOHOMHKAIIBIK HETi3/IeNTeH 9J1ic
OoJ1BIN TAOBLUIAIEI.

Tyuinoi co30ep: KapOOHUTPHATI KaTaWTy, apMaTypaliblK WIEMIEY, O€piKTIK Kiachl, Kep
CUTKIHICIHE TO3IMJUTIK, TYTHIHYIIBUIBIK KACHUETTEpi, OTKAa TO3IMAUIIK, CYBIKKA TeO3IMIIIIK,
TO3IMIITIK.

A.B. NBuenxko, FO.A. bybnukoB

ITpou3BoACTBO K MPUMEHEHHE APMATYPHOT0 MpoKaTa Kjaacca npoanocta 500-600
MIla u3 cTaau ¢ KapOOHUTPUIHBIM YIIPOUHEHHEM

CrenaH aHaTMTHYECKHI 0030p MPOM3BOACTBA apMaTypPHOTO MPOKATa MOBBIIIEHHON MTPOYHOCTH
M3 CTalld ¢ KapOOHUTPHUAHBIM YIIPOYHEHUEM, a TAKKe MCIIOIHEHA OLIEHKa TPeOOBAaHMI HOBBIX
HOPMATHBHBIX JIOKYMEHTOB K JaHHOMY BHY MPOAYKIUHU, TJ¢ BBEACHBI HOBBIE XapaKTEePUCTHKU
cBOiCTB. OCHOBHBIMH KPHUTEPUSMH, KOTOPbIE OIPEACIAIOT IMPUMEHUMOCTh apMaTypHOrO
MpoKata B CTPOUTEILCTBE, SBIIAIOTCS XapaKTePUCTHKUA IPOYHOCTH M Je(OPMATHBHOCTH -
OTHOCUTEJIPHOE DPAaBHOMEPHOE VIJWHEHHWE WIM II0OJIHOE OTHOCHTEIbHOE VIJWHEHUE IIpH
MaKCHUMaJIbHOM Harpy3ke, a TakKKe COOTHOIIEHWE BPEMEHHOI'O COIMPOTHBJICHHMS K Mpeneny
TeKydJecTH. Y pOBEHb JaHHBLIX CBOMCTB, MuddepeHIMpoBaH 0 TPEM IpyImaM, 3TO ONpeaesseT
MPUMEHUMOCTh apMAaTyPHOr'O MpoKaTa AJis 34aHUH M COOPY)KEHHMI OTBETCTBEHHOI'O Ha3HAUYEHHUS
B 3aBUCHMOCTH OT KIIMMATHUYECKUX M CEMCMHUUYECKHUX YCIOBUM. Y CTAHOBIIEHO, YTO TIPOU3BOICTBO
apMaTtypHoro mnpokata kiacca npouHoctd 500-600 MIla u3 cranmu ¢ KapOOHUTPUIHEIM
YIPOYHEHHEM 3HAYHMTEILHO ITOBBIMIAET IMOTPEOUTENbCKHE CBOMCTBA TOTOBOM IMPOIYKIWHU
(BBIHOCIMBOCTD, XJIAJJOCTOMKOCTh, CEHMCMOCTOMKOCTh, OTHECTOMKOCTH W OrHECOXPAaHHOCTB).
IIpumenenue apmaTypHoro mnpokata kinacca mnpoyHocT 500-600 MIla w3 cramm c
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KapOOHUTPUIHBIM YIPOUHEHHEM OOECIEUYNBAET YBEJIMYEHHE HAJEKHOCTH KeJle300E€TOHHBIX
KOHCTPYKLIMH, 3JaHUI U COOPYKEHUM, 0COOEHHO MPH CTPOUTELCTBE B PEMMOHAX C MOBBIIIIEHHOM
CEHCMUYECKOM aKTHMBHOCTBIO W OOJIBIIMMU MepenagaMu TeMIIepaTyp OKpYKarolled cpebl.
VKka3zaHO BHHMaHHE Ha TO, YTO KapOOHHTPUIHOE YIPOUHEHWE CTaJIM, BaHaJWeM, HHOOHWEM,
MOJIMOACHOM W JAp. TPHBOAUT K CYIIECTBEHHOMY YBEIHUYEHHIO CeOSCTOMMOCTH TOTOBOM
MPOAYKLMHU, YTO ABJISETCS HEPEHTAOETBbHBEIM MEPONMPUATUEM [IJIs1 IPOU3BOUTENEH apMaTypPHOro
npokata. Takoii moporoii mpokat OyaeT He KOHKYPEHTOCIOCOOHBIM. bojiee MpaBWIIBHBIM H
SKOHOMHYECKH 000CHOBAHHBIM CIIOCOOOM SIBJIIETCS TTPOBOIUTH KapOOHUTPUIHOE YIIPOUHEHHE
apMaTypHoro mpokata kjiacca mnpouHoctd  500-600 Mlla nyrém  nerupoBaHus
(MonMUUMPOBAHUS) CTATIM CUCTEMOM JIEMEHTOB - A30TOM, TUTAHOM U JIFOMUHUEM.

Kniouesvle cnoga: xapOOHUTPUIHOE YNPOYHEHHE, apMATYPHbI MPOKAT, KjacCc MPOYHOCTH,
CeliCMOCTOMKOCTb,  TOTPEOMTENbCKUN  CBOMCTBA,  OTHECOXPAHHOCTb,  XJIAJIOCTOMKOCTD,
BBIHOCIUBOCTb.
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