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ABSTRACT

The main focus of this article is to explain the scientific and engineering principles behind
the development of seismic steel, which is specifically engineered to withstand seismic
forces during earthquakes. Through careful control of the steelmaking process, including
alloy chemistry and thermomechanical treatments, microstructures are created that
provide the necessary strength, ductility, and toughness for seismic applications. S700
steel, also known as ultra-high-strength steel (UHSS), is an advanced material that has
gained significant interest in recent years due to its exceptional mechanical properties. It
is an example of seismic steel. This review aims to provide an overview of S700 steel,
including its composition, characteristics, applications, recent advancements in the field,
and potential benefits and challenges associated with using this material. The simulations
using JMatPro have shown promising findings, concerning the potential for the studied
modified S700 steel alloy to enhance structures' safety and resilience in earthquake-prone
regions, as well as the combination of S700 steel and JMatPro represents a significant
advancement in materials science and engineering.
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1. INTRODUCTION

Seismic steel is a type of steel that is specifically engineered to withstand seismic forces
during earthquakes. It is used to construct buildings and infrastructure designed to resist the
effects of seismic activity. The optimized combination of high strength, ductility, and
toughness of seismic steel is achieved through carefully controlled alloy chemistry and
thermomechanical processing (TMP) steps, which involve precise control of heating,
cooling, and mechanical deformation during steelmaking and hot rolling.[1], [2]

TMP is a technique used to improve the properties of steel by controlling its
microstructure through a combination of mechanical deformation and heat treatment. In
the production of seismic steel, TMP has been shown to be particularly effective in
improving the ductility and toughness of the steel, which are critical in the performance
of steel structures during seismic events.[3]
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The use of TMP in seismic steel production has allowed for the development of new
grades of steel that exhibit superior performance in seismic applications. Ultra-high-
strength steels, such as S700 steel, which have exceptional mechanical properties, are an
example of seismic steel that can be produced using TMP. The development of these
advanced materials has been driven by the need for lightweight, high-strength
components that can withstand demanding environments and improve performance in
various industries, including automotive, aerospace, and construction.[4]

TMP involves subjecting steel to a series of controlled mechanical and thermal
treatments, including hot rolling, controlled cooling, and reheating. The process is
designed to refine the microstructure of the steel, resulting in a more uniform and fine-
grained structure, which leads to improved mechanical properties, such as increased
strength, ductility, toughness, and resistance to fatigue and brittle fracture. The specific
TMP parameters used in producing seismic steel can vary depending on the desired
properties of the final product, influenced by factors such as the composition of the steel,
the desired microstructure, and the intended application of the steel.[2], [5]

The production of seismic steel begins with melting steel scrap and alloying elements into
liquid steel. The steel is then cast into semi-finished slabs, blooms, or billets. These cast
products are reheated to high temperatures and mechanically rolled into plates, sheets, or
bars, activating metallurgical reactions that initiate microstructure refinement. The high-
temperature steel microstructure, called austenite, is deformed, recrystallized, and grain-
refined during the multi-stage rolling process.[1], [6], [7]

The hot rolled products are then rapidly cooled, such as quenching in water or by water
sprays, to transform the austenite into a mixture of ferrite and martensite, providing
strength and toughness. The cooling rate is carefully controlled to achieve the desired
phase balance, with slower cooling yielding more ferrite and quicker quenching resulting
in a higher amount of martensite. The quenched plates are cold-rolled to final dimensions,
further refining the microstructure and increasing strength. Low-temperature aging or
bake hardening treatments are often applied next to enhance precipitation strengthening.
The fully processed steel attains an optimized microstructure of refined ferrite grains,
tempered martensite, bainite, and precipitate particles that provide the strength, ductility,
toughness, and weldability required for seismic applications.[8], [9]

Overall, the use of TMP in the production of seismic steel has been shown to be a highly
effective method for improving the mechanical properties of the steel, making it more
resistant to seismic forces. As such, it has become an important technique in the
production of steel for seismic applications and is likely to play a significant role in
developing new and improved grades of seismic steel in the future. Developing these
advanced materials is essential for constructing earthquake-resistant structures that can
withstand the devastating effects of seismic activity.[2], [10]

S700 steel is a low-alloy, high-strength steel with nominal yield strength of 700 MPa or
more. It is primarily composed of iron, with small amounts of alloying elements such as
carbon, manganese, silicon, chromium, nickel, molybdenum, and boron. These elements
provide the steel with extraordinary strength and toughness while maintaining good
ductility and weldability.[10], [11]
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The key characteristics of S700 steel can be summarized as follows:

High Strength: S700 steel has an exceptional strength-to-weight ratio, allowing for the
development of lighter and more efficient components.

Good Ductility: Despite its high strength, S700 steel retains a degree of ductility,
permitting it to deform without fracturing under high stress.

Weldability: S700 steel can be welded using conventional techniques, although
precautions must be taken to avoid hydrogen-induced cracking and other potential issues.

Enhanced Toughness: Adding alloying elements, such as molybdenum and boron,
contributes to the steel's excellent toughness and resistance to wear and fatigue.

Corrosion Resistance: Although not as corrosion-resistant as stainless steel, S700 steel
exhibits good resistance to general atmospheric corrosion and can be further enhanced
through surface treatments or coatings.

The exceptional properties of S700 steel have led to numerous applications across various
industries. In the automotive industry, S700 steel is used in chassis, suspension systems,
and crash structures, enabling manufacturers to reduce vehicle weight and improve fuel
efficiency while maintaining or enhancing safety performance. In the aerospace industry,
it is employed in aircraft structures and components, where its high strength-to-weight
ratio contributes to weight reduction, increased payload capacity, and overall
performance improvements.[5], [6], [11]

In the construction industry, the high strength and toughness of S700 steel make it an
attractive option for structural applications such as bridges, buildings, and other large-
scale infrastructure projects. In the energy sector, S700 steel is used in producing wind
turbine towers, oil and gas pipelines, and other energy-related infrastructures, where it is
high strength and resistance to fatigue are crucial. In heavy machinery, the exceptional
strength and wear resistance of S700 steel enables its utilization in manufacturing gears,
shafts, and bearings.[1], [12]

Recent advancements in S700 steel have focused on further understanding and optimizing
its properties. Researchers are exploring novel manufacturing methods, such as additive
manufacturing and powder metallurgy, to produce S700 steel components with enhanced
properties and more intricate geometries. The development of advanced welding
technologies and procedures has allowed for better control of S700 steel's microstructure
during welding, resulting in improved mechanical properties and reduced susceptibility
to cracking. Surface treatments, such as coatings and shot peening, have been investigated
to enhance the corrosion resistance and fatigue performance of S700 steel
components.[1], [13]

In conclusion, S700 steel is a remarkable material with exceptional mechanical properties
that have enabled its utilization in various industries. As research continues to optimize
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its properties, it will likely find even more applications and play an essential role in
building a safer, more sustainable future.

Another benefit of using S700 steel in seismic applications is the ability to model and
simulate its behavior under earthquake loading conditions. Numerical simulation has
become an essential tool in predicting the performance of structures during seismic
events. By using advanced numerical methods and models, engineers can simulate the
behavior of S700 steel structures under different loading scenarios and optimize their
design to ensure their performance during earthquakes.[6], [14]

The use of numerical simulation with S700 steel structures has several benefits. Firstly,
it reduces the cost and time required for physical testing, as simulations can provide
accurate predictions of the behavior of steel structures under different seismic loads.
Secondly, simulation allows for evaluating and optimizing different design options,
helping engineers choose the most efficient and effective solutions. Finally, simulations
can provide insights into the behavior of structures beyond the limits of physical testing,
enabling the exploration of extreme scenarios and the development of more resilient and
robust designs.[15]-[17]

In recent years, significant progress has been made in the development of numerical
models and simulation tools for seismic steel structures. Advanced finite element analysis
(FEA) software, such as Abaqus and ANSY'S, can simulate the behavior of steel structures
under different seismic loads, including ground motion, and provide accurate predictions
of their response. Nonlinear dynamic analysis methods, such as time history analysis and
pushover analysis, can simulate the behavior of structures under different seismic loads
and provide insights into their response and performance.[18]

In conclusion, the use of S700 steel in seismic applications, combined with numerical
simulation, has enabled the development of more resilient and efficient structures that can
withstand the devastating effects of earthquakes. By using advanced simulation
techniques, engineers can optimize the design of S700 steel structures, evaluate different
design options, and ensure their performance under different seismic loads. The
combination of S700 steel and numerical simulation represents a significant advancement
in the field of seismic engineering and has the potential to save lives and reduce the
economic impact of earthquakes.[10], [11]

Thermo-Calc and JMatPro are two popular software tools used to design and develop
materials, including steel alloys like S700. These software programs utilize
thermodynamic and kinetic models to predict the behavior of materials under various
processing and application conditions, allowing engineers and researchers to optimize
material properties and performance.

Thermo-Calc is a software package that uses computational thermodynamics to predict
multicomponent systems' phase diagrams and thermodynamic properties. It can be used
to predict the effect of alloying elements on the microstructure and mechanical properties
of steels, including those used for seismic applications. Thermo-Calc can also predict the
effect of thermomechanical processing on steel properties, allowing engineers to optimize
the processing parameters for the desired microstructure and mechanical properties.[19]
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JMatPro is another software tool used in materials science and engineering. It is specifically
designed for predicting material behavior under different processing and application
conditions. JMatPro can model the thermodynamics and kinetics of phase transformations,
precipitation, and diffusion in multicomponent alloys, such as S700 steel. It can also predict
the effect of processing parameters on microstructure and mechanical properties, such as
strength, ductility, toughness, and fatigue resistance.[13], [15]

Thermo-Calc and JMatPro are valuable tools in designing and developing materials,
including steel alloys like S700. They allow for the optimization of material properties
and performance, enabling the development of advanced materials with superior
properties. By using these software tools in conjunction with advanced manufacturing
processes and numerical simulation techniques, engineers and researchers can create
stronger, more durable, and more efficient materials for seismic applications, helping to
enhance the safety and resilience of structures in earthquake-prone regions.

Our recent research has focused on modifying the chemical composition of S700 steel to
improve its mechanical properties further and enhance its performance in seismic
applications. Our suggestion for modifying the alloy is to increase the content of alloying
elements, such as vanadium and niobium, which have been shown to improve the strength
and toughness of steel. Additionally, we propose the addition of trace elements, such as
boron and titanium, to refine the microstructure and increase the hardenability of the steel,
leading to enhanced mechanical properties. Our preliminary results have shown that these
modifications can result in a steel alloy with superior strength, ductility, and toughness,
making it an attractive option for seismic-resistant structures. Further research is planned
to evaluate the effects of these modifications on the properties and performance of S700
steel and to optimize the composition for different applications. These modifications have
the potential to enhance the safety and resilience of structures in earthquake-prone
regions, leading to significant improvements in the construction of earthquake-resistant
buildings and infrastructure.

2. EXPERIMENTAL WORK

Our research has focused on modifying the chemical composition of S700 steel to
enhance its mechanical properties further and improve its performance in seismic
applications. We have developed a modified S700 steel alloy with a specific chemical
composition that includes 0.05% carbon, 0.45% silicon, 1.42% manganese, 0.1%
vanadium, and trace amounts of niobium, chromium, nickel, and copper. The addition of
vanadium has been shown to improve the steel's strength, toughness, and hardenability,
while the trace elements refine the microstructure and enhance its mechanical properties.
Our modified S700 steel has demonstrated superior mechanical properties, making it an
attractive option for use in seismic-resistant structures. Further research is necessary to
optimize the composition for different applications and evaluate its performance under
different seismic loads.

Table (1): Chemical composition of proposed modified S700 steel.

Modified S700 Steel
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To further investigate the properties of our suggested modified S700 steel alloy, we
utilized the JMatPro software to predict its behavior under different processing and
application conditions. JMatPro is a valuable tool for modeling the thermodynamics and
kinetics of phase transformations, precipitation, and diffusion in multicomponent alloys,
such as our modified S700 steel. The software predicts various material properties,
including strength, ductility, toughness, and fatigue resistance, under different processing
and application conditions, allowing us to optimize the material's properties for specific
applications.

3. RESULTS AND DISCUSSION

Our simulations using JMatPro have shown promising results, with the modified S700
steel demonstrating superior mechanical properties, including high strength, ductility, and
toughness, compared to the original S700 steel. Our simulations have also shown that the
modified steel's microstructure is refined, resulting in enhanced hardenability, which is
crucial for achieving the desired mechanical properties. Further simulations are being
carried out to evaluate the effects of different processing parameters on the mechanical
properties of the modified S700 steel and to optimize the composition for specific
applications. The combination of our suggested modified S700 steel alloy and JMatPro
software represents a significant advancement in the field of materials science and
engineering and has the potential to enhance the safety and resilience of structures in
earthquake-prone regions.

JMatPro software is a powerful tool for predicting the properties of materials under
different processing and application conditions. In the case of our suggested modified
S700 steel alloy, JMatPro can be used to predict phase diagrams and TTT (Time-
Temperature-Transformation) and CCT (Continuous Cooling Transformation) diagrams,
as well as critical transformation temperatures and mechanical properties such as ultimate
and yield tensile strength, hardness, and elongation.

Using JMatPro, we can simulate the effects of different processing parameters, such as
cooling rate and transformation temperature, on the microstructure and mechanical
properties of our modified S700 steel. The software can predict the formation of different
phases and their distribution, which directly affects the mechanical properties of the steel.
JMatPro can also predict the critical transformation temperatures, which are important for
controlling the microstructure and mechanical properties of the steel during heat
treatment.

Our simulations using JMatPro have shown promising results, with the predicted phase
diagrams and TTT/CCT diagrams showing a refined microstructure with improved
mechanical properties compared to the original S700 steel. The software also predicted
higher ultimate and yield tensile strength, hardness, and elongation values for our
modified S700 steel alloy. These predictions validate the potential of our modified S700
steel alloy for use in seismic-resistant structures.

Figure 1 illustrates the equilibrium evolution of various phases of the suggested modified
steel, with the main matrix phase being ferrite. The figure also shows the presence of
different types of carbides.

-12 -
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Fig. 1: Simulated diagram obtained by using JMatPro software: amount of phases
as a function of temperature.

Figure 2 presents a TTT diagram that illustrates the transformation of different phases,
including ferrite, pearlite, bainite, and martensite, over time and temperature. The
diagram shows two curves for each transformation, with one corresponding to 0.1% and
the other to 99.9%. These curves represent the range of transformation times for a given
temperature and show the critical transformation temperatures for each phase.
Specifically, the diagram displays the critical transformation temperatures for ferrite,
pearlite, bainite, and the martensite phase. Overall, the TTT diagram in Figure 2 provides
valuable insights into the transformation behavior of different phases under varying
conditions.

Figure 3 presents The CCT diagram showing the transformation of different phases,
taking into consideration the cooling rate. This is in contrast to the TTT diagram, which
only considers the transformation over time.
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Fig. 2: Diagram simulated by using JMatPro software: time-temperature
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4. CONCLUSION

S700 steel is an ultra-high-strength steel with exceptional mechanical properties that
make it ideal for many applications across various industries. Advancements in
manufacturing techniques, welding processes, and surface treatments have further
broadened the potential of this material. However, challenges associated with its cost and
the complexity of processing and joining processes must be addressed to realize its
potential fully. Future research efforts should focus on improving these aspects to
facilitate the widespread adoption of S700 steel in various industries. JMatPro is a
valuable tool for predicting the properties of our suggested modified S700 steel alloy,
including phase diagrams, TTT/CCT diagrams, critical transformation temperatures, and
mechanical properties. Our simulations using JMatPro have shown promising results,
indicating the potential for our modified S700 steel alloy to enhance structures' safety and
resilience in earthquake-prone regions. The combination of S700 steel and JMatPro
represents a significant advancement in materials science and engineering. Further
research efforts should focus on optimizing the composition and processing parameters
to develop even more robust and efficient materials.
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