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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. 
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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 ( ) or total relative elongation at maximum load ( max), as well as the ratio of tensile 
strength to yield strength ( / 0,2). 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]. 

 



2 (41) 2023  

» 
 

32 
 

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. 

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 A500C 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 A500K), endurance (class A500U), fire resistance 
and fire safety (classes A500C and A500E). 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 A500E; reinforcing bars of classes A500K and A500E 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/cm2; 

- 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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