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Introduction

1.1 Overview

Concrete is the most widely used man-made material and a primary building
material in the world today, playing an irreplaceable role. Compared to other
common building materials such as metals and organic materials, concrete has
low production energy consumption, wide availability of raw materials, simple
preparation processes, and consequently low production costs. At the same time,
it possesses characteristics such as durability, fire resistance, strong adaptability to
engineering and the environment, and convenient application [1, 2].

Concrete technology has evolved from the early use of primitive natural cement-
ing materials to the contemporary use of artificially produced cementing materials.
The material composition has progressed from a simple triad of cementitious
materials, aggregates (ranging from coarse to fine), and water to a diverse system
with various additives and functional admixtures. The material performance
design has advanced from basic single mechanical strength to a combination of
ultra-high strength, high durability and functionality. The preparation technol-
ogy has developed from the simplest hand mixing to the application of various
advanced technologies and intelligent methods. In short, today’s concrete has
comprehensively entered a new stage known as high-tech concrete [3-6].

High-tech concrete refers to concrete prepared based on ordinary concrete
technology using advanced material science theories and innovative manufacturing
technologies. This ensures the prepared concrete exhibits superior material proper-
ties, excellent functionality, and unique, environmentally friendly characteristics.
It effectively expands the application scope of traditional concrete, giving it a
stronger vitality. The categorization of high-tech concrete includes high-strength
concrete (HSC), high-performance concrete (HPC), ultra-high-strength concrete
(UHSC), and ultra-high-performance concrete (UHPC), as well as special composite
concrete.

The development of high-tech concrete began in the mid-20th century, accompa-
nying the progress of modern society, large-scale infrastructure construction, and
the expansion of human living spaces, leading to new and higher requirements
for building materials. It also relies on the rapid development of science and
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technology in other fields, possessing a strong logical connection to the era. During
this period, concrete experts worldwide actively participated in the technological
innovation wave, seizing opportunities, actively exploring, and making contin-
uous breakthroughs in various aspects of concrete, from strength and various
performance metrics to raw materials and preparation methods, as well as the
application of concrete materials, products, and engineering. This has continuously
elevated the foundational and critical role of concrete in social development to a
new and higher level. Today, we can see various iconic modern concrete projects
everywhere: super-long, super-deep, and super-large underwater tunnels; various
types of large-span bridges; massive underground structures; towering skyscrapers;
transportation networks crossing mountains and rivers; ocean engineering in swift
waves and harsh extreme environments; and special major projects. All of these
contributions are attributed to high-tech concrete.

Undoubtedly, this is a proud era in the history of concrete development.
However, it is also precisely because of the unprecedented activity in technolog-
ical thinking and the freedom and breadth of research work that concrete has
never experienced such a flourishing of technological achievements. This often
leads to disputes over technical concepts and evaluation systems, affecting the
overall efficiency of research work. The reasons for this are, on the one hand, the
broader and more independent thinking of contemporary scientists, who are more
innovative. On the other hand, this is influenced by the widespread introduction
of advanced theories and technologies from other disciplines, resulting in more
research methods and technical approaches. Additionally, due to the development
of information technology, people are increasingly accustomed to rapid learning
through online information, lacking the important research atmosphere of con-
ferences, effective deliberation, and consensus formation. We should view this
rationally and dialectically. It is a sign of social progress, broadening our horizons,
quickly borrowing from advanced theories and methods, helping researchers
effectively break free from traditional constraints, improving research efficiency
and level, and promoting greater progress in the scientific and technological aspects
of this discipline. Of course, at the same time, we should also pay attention to new
problems, strengthen academic exchanges and collaborative research on common
issues, share achievements, avoid detours, and advance the overall research level
and scientific and technological achievements in this discipline.

1.2 Brief History of High-tech Concrete Development

1.2.1 Ordinary Concrete

The technical characteristics of ordinary concrete are a relatively simple material
composition, a higher water-cement ratio (W/C), and the use of a relatively straight-
forward mixing and preparation technique. The compressive strength of concrete is
generally less than 50 MPa. Ordinary concrete includes plain concrete and ordinary
reinforced concrete.
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1.2.1.1 Plain Concrete

Plain concrete refers to concrete that does not add any other supplementary
components in addition to the three basic components of concrete: cement,
aggregate and water. Modern Portland (silicate) cement, the world’s first patented
cement invented by British construction worker Joseph Aspdin in 1824, marked
the beginning of modern cement, and the cost was low, especially with lower
energy consumption. The advent of this hydraulic cementitious material endowed
concrete with the needed strength and durability. Its raw materials were easily
available. Consequently, it significantly expanded the application scope of concrete,
establishing its indispensable position in construction materials. The technical
characteristics of plain concrete involve using only the three basic ingredients and
simple mixing and forming processes, resulting in a compressive strength generally
ranging from 20 to 30 MPa after hardening.

For over a century, concrete technology has undergone continuous development
and exploration. However, there have been no fundamental breakthroughs in the
main performance strength during this time. In 1896, French scientist Feret first
proposed a strength formula based on pore content. In 1919, American scientist
Duff Abrams found through numerous experiments that there was a correlation
between the water-cement ratio (W/C) and concrete strength, indicating an inverse
relationship between concrete strength and W/C. In 1930, Swiss scientist Belomey
studied and proposed the famous relationship formula between concrete strength,
actual cement strength, and W/C under certain conditions, demonstrating that
reducing the amount of water could enhance concrete strength. In the 1960s,
American researcher T. C. Powers conducted more in-depth research, considering
the main hydration product of cement (gel) and establishing the well-known
T. C. Powers model. He proposed the relationship formula between strength and
gel-to-void ratio, indicating the impact of capillary pore volume on strength. The
basic conclusion of these research results is that a lower W/C can reduce the volume
of voids (pores) in concrete materials, leading to a higher strength. However, for
ordinary concrete, to meet the preparation process and ensure the workability of
fresh concrete mixtures, it is necessary to add water significantly higher than the
complete hydration of cement. Therefore, it is challenging to significantly improve
the strength of concrete, and a higher W/C also makes the material structure
relatively loose, affecting other properties of concrete [7].

1.2.1.2 Ordinary Reinforced Concrete

To improve the strength and enhance the performance of concrete, researchers
began to experiment with introducing additional raw materials or improving the
concrete preparation methods based on plain concrete. The goal was to achieve
concrete with better strength and performance. These efforts paved the way for
the development of modern concrete technology. A milestone achievement in this
journey occurred in 1849 when French landscape architect Joseph Monier invented
the original reinforced concrete, thereby enhancing the stability and durability of
concrete structures. In 1879, Austrian Hatschek produced asbestos fiber concrete,
marking the era of fiber-reinforced concrete and achieving breakthroughs in
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the crack resistance of concrete products. In 1910, H. F. Porter from the United
States obtained a patent for steel fiber-reinforced concrete, improving the strength
and overall performance of concrete. In 1928, Freyssinet from France created
prestressed reinforced concrete. In 1934, the United States invented the concrete
vibrator, effectively compacting and uniformizing concrete during the forming
process, thereby enhancing its strength and impermeability. In 1937, E. W. Scxiptrit
from the United States researched and patented the world’s first water reducer,
Pozzolitn, providing a technological approach to improving concrete strength by
reducing the water-cement ratio (W/C). At the end of the 19th century and the
beginning of the 20th century, polymers appeared in concrete, and it was discovered
that the brittleness of concrete could be improved by adding organic materials. In
the 1960s, the United States invented polymer-impregnated concrete. In the 1970s,
China developed glass fiber-reinforced concrete. By employing these methods, the
strength of concrete has been increased to varying degrees, reaching a basic level of
approximately 40 MPa, with some approaching 50 MPa.

1.2.2 High-strength Concrete

Modern civil engineering construction demands concrete with higher strength,
and the century-long exploration of ordinary concrete technology has laid the
foundation. The development of the modern chemical industry and materials
science and technology has made HSC a reality. In the late 1950s to the early 1960s,
the advent of highly efficient water reducers with a water-reducing rate exceeding
20% marked the beginning of the development of HSC technology [8]. During this
period, Germany invented melamine-based superplasticizers, and Japan developed
naphthalene-based superplasticizers. These superplasticizers overcame significant
technical challenges, such as the difficulty of working with dry and hard concrete
mixtures due to reduced water content. They allowed concrete to be compacted
under lower water-cement ratio conditions, resulting in denser material and,
consequently, higher strength. The definition of HSC evolves with the progress
of scientific and technological advancements over time. From a comprehensive
perspective of technical classification, HSC, as defined here, has a strength greater
than 50 MPa.

The main characteristics of HSC components include the incorporation of highly
efficient water reducers and mineral admixtures. The significant breakthrough in
concrete technology comes from the use of highly efficient water reducers. From
the perspective of material structure, the reduction in water content significantly
reduces voids and internal defects in hardened concrete. The reduction in defects not
only enhances concrete strength but also increases material density. This, in turn,
effectively hinders harmful external substances from entering the concrete through
pores, thereby improving the durability of the concrete. HSC with added superplas-
ticizers maintains good fresh concrete flowability and can be conveniently applied
in on-site construction. This is one of the reasons why various large-scale concrete
projects opt for HSC.
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1.2.3 High-performance Concrete

HPC is a type of concrete characterized by high strength, durability, and
workability. Unlike HSC, which emphasizes only mechanical properties, HPC
must meet high-performance requirements in terms of workability, mechanical
performance, and durability simultaneously [9]. HPC demands not only high
workability and strength but also important properties such as resistance to
chemical corrosion. These include high volume stability, high elastic modulus,
low drying shrinkage, low creep, low-temperature deformation, and high imper-
meability. The technical characteristics of HPC involve the use of new-generation
superplasticizers and ultra-fine materials based on HSC. Ultra-fine materials, with
particle sizes <10 pm and specific surface areas equivalent to 600 m?/kg or more, are
commonly used in high-performance cement-based composite materials. Common
varieties include fly ash, finely ground water-quenched slag powder, silica fume,
finely ground zeolite powder, kaolin, diatomaceous earth, calcined shale, and
expanded slag.

Ultra-fine powder is a key component in preparing HPC. Its mechanisms of action
include: first, filling the voids of the cementitious material, reducing porosity, and
refining pore size; second, enhancing the inducing activity of the mixed material,
participating in the hydration reaction of the cementitious material, improving
the density of the concrete, and reducing hydration heat [10]. The reduction in
porosity is a direct factor in improving concrete strength and durability, while the
increased activity of the mixed material further enhances the interface structure of
the concrete. The reduction in porosity, refinement of pore size, and improvement
of the interface structure can enhance the concrete’s resistance to permeability,
thereby improving its durability. Due to its superior comprehensive performance,
HPC quickly found application and promotion in practical engineering. Currently,
HPC with a strength of C60 is widely used in projects such as bridges, high-rise
buildings, and airport construction. Concrete with strengths exceeding 80 and
100 MPa has also been applied in various engineering projects.

1.2.4 Ultra-high-strength Concrete

UHSC, defined as concrete with compressive strength exceeding 100 MPa, emerged
as a research trend worldwide from the early 1980s to the early 21st century.
The theoretical basis for the design of UHSC is the maximum packing density
theory. According to this theory, the constituent materials, comprising particles
of different sizes, form the tightest possible packing in optimal proportions. In
other words, the interstices between millimeter-sized particles are filled with
micrometer-sized particles, and the interstices between micrometer-sized particles
are filled with sub-micrometer-sized particles, achieving the maximum packing
density. To attain this state of maximum packing density, UHSC concrete is molded
using special preparation techniques. The following types are representative and
influential.
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1.2.4.1 Macro-defect-free Cement

In 1981, Birchall and colleagues in the United Kingdom invented a cement-polymer
composite material with unique properties [11, 12]. This composite material, named
macro-defect-free (MDF) cement, is characterized by the absence of large pores and
coarse crystals in the hardened body, attributed to specialized production techniques
and an extremely low water-cement ratio (0.12-0.16). The primary components of
MDF material include cement, water-soluble polymers, superplasticizers, and water,
with the cement being either Portland cement or aluminate cement. Key points
in the preparation process of MDF materials include the following: first, mixing
various components to form a homogeneous slurry through specialized mixing
equipment; second, shaping the mixture through processes such as hot pressing,
extrusion, rolling, or injection.

The mechanical properties of MDF significantly surpass those of ordinary con-
crete. Its compressive strength ranges from 200 to 300 MPa, tensile strength from
50 to 120 MPa, flexural strength from 150 to 200 MPa, elastic modulus from 25 to
50 GPa, and fracture toughness up to 3 MPa-m'/2. The hardened body of the MDF
also exhibits excellent sound absorption, antistatic properties, and crack resistance
at low temperatures. Its main drawback lies in poor water stability, with a noticeable
strength decrease after absorbing moisture, especially when alumina cement is used
primarily due to the water absorption and swelling of the polymers in MDF.

Since the mid-1980s, the author has conducted in-depth and systematic research
on the reinforcement mechanism of MDF materials, as well as the practicality
of material design and preparation technology. This research has revealed the
polymer-cement interface enhancement mechanism and the multiple roles of
polymers in MDF materials [13-19]. The formation of a characteristic multi-
phase interpenetrating network structure in the material has been identified
and confirmed [20], leading to the proposal of criteria for polymer selection and
optimization methods for material structure design. An accurate calculation and
control method for polymer dosage has been introduced, effectively improving
water resistance and enhancing volume stability by minimizing excess usage
through polymer interface chemical reactions. Furthermore, breakthroughs have
been achieved in improving the overall durability of MDF materials by reinforcing
them with fibers [21-24].

1.2.4.2 Densified System Containing Homogenously Arranged Ultra-fine

Particles

In 1982, Danish researchers, led by Bache, developed a densified system containing
homogeneously arranged ultra-fine particles (DSP) [25]. The formulation involves
two key aspects: first, the uniform mixing of cement with an average particle size
of approximately 10 pm and highly reactive ultra-fine volcanic ash with an average
particle size of approximately 0.1pm in appropriate proportions, forming the
tightest packing. This results in extremely small pore sizes, very low porosities, and
disconnected pores. Second, the addition of high-efficiency water-reducing agents
to achieve an extremely low water-cement ratio (0.16 or lower) further reduces
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porosity, prevents the agglomeration of cement particles and ultra-fine powders,
and strives for their uniform distribution.

DSP primarily utilizes the principle of dense filling or filling effects to reduce
porosity and enhance compactness. According to theoretical models of particle
packing, coarse particles have a significant impact on packing density, while
merely changing the size and quantity of fine particles has a minimal effect on the
overall material packing density. Therefore, it is possible to consider substituting
a significant portion of unhydrated cement in DSP with other supplementary
materials to reduce cement consumption. Studies have shown that using fly ash,
slag powder, and other particles to replace or partially replace silica fume in DSP
can achieve cost reduction without compromising performance.

The compressive strength of typical DSP made with Portland cement and silica
fume can exceed 120 MPa, and when high-strength aggregates are added, the com-
pressive strength of DSP can reach over 250 MPa. One drawback of DSP is that the
increase in the modulus of elasticity and fracture energy is limited, resulting in high
brittleness and the likelihood of generating numerous microcracks during the hard-
ening and drying shrinkage processes. Introducing a certain amount of fibers into
DSP can enhance ductility and toughness while can also providing low shrinkage,
low permeability, and high corrosion resistance.

1.2.4.3 Compact Reinforced Composite

In 1986, Bache and others developed a composite material containing a significant
amount of fibers and closely spaced steel reinforcement, known as compact rein-
forced composite (CRC) [26]. The base material of CRC is composed of high-strength
DSP, with its main reinforcement being similar to that of steel reinforcement in con-
ventional reinforced concrete but with a much larger quantity (volume ratio ranging
from 10% to 20%). Aggregates, such as quartz particles or particles with a high Al,O,
content, along with appropriate fibers (with a volume ratio of 5-10%, fine diame-
ter, and high-strength steel fibers), are used to create a base material that is tightly
bonded to the steel reinforcement, providing high tensile strength, stiffness, and
ductility.

CRC typically achieves a compressive strength of up to 200 MPa, with some
formulations exceeding 300 MPa. Its tensile strength is comparable to structural
steel reinforcement and exhibits considerable ductility. In comparison to DSP, CRC
not only boasts higher strength but also has significant deformation capacity. CRC
exhibits exceptional durability, surpassing that of conventional HPC, primarily due
to the extremely dense nature of its base material. It demonstrates high resistance
to projectile penetration, making it suitable for military engineering facilities. CRC
is well suited for the production of lightweight, slender precast components or
components cast on-site. It has been applied in various scenarios, including the
construction of tunnel lining blocks, the bottom plate of cantilevered balconies,
supporting beams for stairs, manhole covers, and joints in on-site cast connections
for precast slab-column systems.
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1.2.4.4 Reactive Powder Concrete

In 1993, French scholars Richard and Cheyrezy developed reactive powder con-
crete (RPC) using the DSP model [27-29]. The main processes of RPC include the
following: first, following the principle of maximum packing density by eliminat-
ing coarse aggregates and using fine aggregates with a maximum particle size of
400-600 pm, such as quartz sand, and adding high-activity mineral admixture silica
fume to form a particle system with high uniformity and density; second, employ-
ing a large amount of high-efficiency water-reducing agent to significantly reduce
the water content and decrease porosity; third, adding steel fibers to reduce material
brittleness and improve toughness; fourth, applying pressure and deaeration before
and during hardening to further enhance density; and finally, post-curing through
hot pressing to improve the chemical reactivity and internal structure density.

RPC materials exhibit ultra-high strength, exceptional durability, and high tough-
ness. It also possesses good volumetric stability, with compressive strength exceeding
150 MPa, flexural strength up to 50 MPa, elastic modulus exceeding 50 GPa, and frac-
ture energy ranging from 20,000 to 40,000J/mm?. These performance indicators
indicate that RPC materials have reached a new level in mechanical properties, sur-
passing previous concrete materials. RPC has seen significant progress in mix design
methods, raw material composition, and preparation technology.

Despite its remarkable mechanical strength and excellent performance, RPC faces
some challenges. First, due to the large amounts of cement and silica fume in the
material composition, as well as the elimination of coarse aggregates, RPC experi-
ences significant shrinkage. Second, the forming process requires compression and
high-temperature curing, making it suitable only for factory prefabrication and not
applicable to on-site concrete engineering. Third, the high cost, high-energy con-
sumption, and complex preparation process seriously constrain the practical appli-
cation of RPC.

1.2.5 Ultra-high-performance Concrete

To promote the practical application of UHSC, researchers have proposed the
concept of UHPC based on UHSC [30, 31]. “Ultra-high performance” encompasses
two aspects: exceptionally high durability and mechanical performance, with a
crucial emphasis on practical applicability. When in a freshly mixed state, the
material should exhibit good flowability for ease of preparation and application.
Therefore, the key focus of UHPC technology development lies in simplifying the
preparation process and reducing material costs. Although a unified definition has
not yet been established, it is clear that the material needs to possess outstanding
physical and mechanical properties, with compressive strength generally reaching
or exceeding 150 MPa.

The technical characteristics of UHPC include the following: first, the utiliza-
tion of a multicomponent binder system, incorporating industrial waste superfine
powder to achieve energy savings and cost reduction without compromising per-
formance. Second, the incorporation of coarse aggregates with a size of 10-20 mm
enhances the material’s volume stability and durability while effectively lowering
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costs. Third, the use of superplasticizers imparts flowability to the concrete, facilitat-
ing on-site construction for engineering projects. Fourth, the preparation of UHPC
involves conventional techniques, eliminating the need for pressure molding and
high-temperature curing. The research conducted by the author’s team primarily
focuses on optimizing material composition and understanding the formation of
material structures [32-36]. UHPC can be considered the most durable engineer-
ing material, with mechanical properties approaching those of steel structures when
appropriately reinforced. Additionally, it exhibits excellent wear resistance and blast
resistance. Therefore, UHPC is particularly suitable for use in large-span bridges,
blast-resistant structures, thin-walled structures, and environments with high abra-
sion and corrosion.

1.2.6 High-performance Composite Structural Concrete and Innovative
Functional Concrete

High-performance composite structural concrete and innovative functional concrete
are based on ordinary concrete, introducing components that significantly enhance
and improve concrete properties or confer special functions. These utilize composite
technology methods in material design, employing advanced manufacturing pro-
cesses to optimize the material’s structure, resulting in superior performance and
unique functionalities. Based on their application characteristics, they can be classi-
fied into structural and functional types, with the former commonly used in various
structural engineering projects. The authors and their team have dedicated years
to the research of high-performance composite structural concrete and innovative
functional concrete technology, achieving the following outcomes.

1) Utilizing various fibers, particles, and additives to enhance the strength, impact
resistance, and crack resistance of concrete materials, such as high-strength,
high-penetration resistance, blast-resistant concrete, and grout fiber con-
crete [37-43].

2) Using various special aggregates to give concrete specific functions, such as
radiation-resistant concrete, lightweight aggregate concrete, abrasion-resistant
concrete, and heat storage concrete [44-49].

3) Employing supplementary cementitious materials or composite cementitious
material systems to improve the properties of the concrete matrix, such as UHSC
and HPC, shrinkage-compensating concrete, high-permeability crack-resistant
concrete, and large-volume low-heat and highly durable concrete, and
so on [50-55].

4) Material composite and structural composite technology can be applied to
enhance the structural performance of concrete, including concrete-filled steel
tube composite materials, bridge deck pavement concrete, ultra-high structures
with large spans, tunnel structural concrete, and highly durable concrete
[35, 56-60].

5) Using various organic components to improve the toughness of concrete materi-
als, such as high-ductility concrete, polymer-modified concrete, cement asphalt
mortar, and so on [61-66].
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6) Employing additional components to alter the material structure and confer new
uses to concrete, such as resin aggregate concrete, CO, driven 3D printing con-
crete, and other innovative concrete technologies [67-72].

1.3 Challenges and Opportunities for Concrete Materials

Concrete, steel, and polymer materials are the most important representatives of
the three main materials: inorganic non-metallic, metallic, and organic. These three
major types of materials have their own properties. Table 1.1 shows their perfor-
mance characteristics [6, 72].

As shown in Table 1.1, there are significant differences in the engineering per-
formance of the three materials. Steel exhibits high strength, with elevated tensile,
flexural, and shear strengths. It possesses good ductility, allowing for substantial
plastic deformation and various cold-working processes such as bending, stretch-
ing, drawing, and stamping at room temperature. Additionally, steel is characterized
by uniform quality and reliable performance. However, its primary drawback lies
in susceptibility to corrosion, leading to poor durability. Polymer materials feature
characteristics such as light weight, high elasticity, low elastic modulus, high insula-
tion, and low thermal conductivity. Nevertheless, their disadvantages include lower
strength compared to steel, poor rigidity, high thermal expansion, low heat resis-
tance, and susceptibility to aging.

Table 1.1 Comparison of properties of concrete, steel, and polymer materials.

Ordinary High-tech

Performance Steel Polymers  concrete concrete
Compressive strength (MPa) 235-1600 105-400  10-50 100-300
Flexural strength (MPa) ~500 60-150 3-6 50-200
Tensile strength (MPa) 400-1900 46-200 1.27-3.11 4.5-24
Flexural/compression ratio 0.23-2.13 0.25-1.10 0.15-0.31  0.20-0.50
Elastic modulus (GPa) 190-210  0.10-2.00 22-38 37-55
Toughness Excellent Excellent Poor 250 times for
ordinary concrete
Poisson’s ratio 0.25-0.30 0.30-0.50 0.20 0.19-0.24
Density (kg/m?) ~7800 900-1500 1900-2500 ~2500
Coefficient of thermal 10-15 72-150 ~10 ~10
expansion (1076/°C)
Thermal conductivity 48-52 0.08-0.50 ~3 1-30
[W/(m-K)]
Bulk resistivity (Q-cm) 10-15 10'°-10'%  10%-10% 10°-10%
Fracture energy (J/m?) 10°-10°  600-1500 110-160 10*~4x10*

Note: The data presented in Table 1.1 for high-tech concrete are representative indicators and are
not taken from a specific material.
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Ordinary concrete materials have the lowest strength, but within a certain range,
their strength can be designed and controlled from low to high to meet the varied
strength performance requirements of different projects. Concrete mixtures exhibit
plasticity, allowing for simple and convenient forming processes. They can be cast
into various shapes and sizes of integral structures or prefabricated components as
per engineering requirements, making their processing much easier than that of
other materials. However, due to its low tensile strength and brittleness, concrete
typically cannot withstand tensile stress and has low impact resistance and a rela-
tively low strength-to-mass ratio. Moreover, the volume instability of concrete is a
significant drawback.

From the above comparative analysis, as the most widely used artificially prepared
material globally, concrete has made significant contributions to societal civilization
and technological progress. However, with societal development and technological
advancements, there is an increasing demand for higher performance in various con-
crete products. Modern engineering construction is evolving toward larger-scale,
longer-span structures, deeper underground spaces, and more complex and harsh
environments. These major construction projects pose challenges with high diffi-
culty, requiring high strength and durability. The material properties of ordinary
concrete and its inherent limitations are no longer able to meet the demands of this
progressive era. Concurrently, rapid advancements in other material technologies
pose additional competition in traditional application areas for concrete.

Nevertheless, it is heartening to observe, from the innovative development and
achievements in concrete technology (as indicated in Table 1.1), that high-tech
concrete materials produced using advanced techniques have made significant
progress in many aspects. Some properties and functionalities have even expe-
rienced substantial breakthroughs, indicating substantial development potential
in concrete materials. On the other hand, the ongoing progress in science and
technology, coupled with developments in relevant disciplines and interdisciplinary
fields, provides a broader perspective and valuable experiences for breakthroughs in
concrete material technology. Importantly, the foreseeable future promises unprece-
dented opportunities for concrete materials due to China’s rapid and high-quality
economic development, extensive infrastructure construction, and urbanization.
Therefore, building upon existing work, carefully summarizing past experiences,
analyzing and clarifying development strategies, selecting and establishing research
objectives, following scientifically effective research methods, and further improv-
ing research and development efficiency to achieve new breakthroughs in concrete
technology are not only crucial tasks for scientists and technologists in this field but
also significant opportunities for the innovative development of concrete materials.

1.4 Technical Characteristics and Research Content
of High-tech Concrete

The concept of high-tech concrete (ATC) proposed by the author differs from
previous definitions based on concrete performance indicators or compositional
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features. Instead, it is defined based on the advanced nature of concrete prepara-
tion technology and material performance, utilizing a comprehensive evaluation
method. The concept of high-tech concrete is introduced from the perspective of
the technical characteristics of concrete. Its purpose is to establish a more scientific
and consensus-forming concrete technology system and evaluation standards. This
approach aims to avoid disputes arising from different definitions of certain concrete
technologies, facilitating consensus formation and enhancing the efficiency and
level of innovation in concrete technology. The categorization system of high-tech
concrete materials includes HSC, HPC, UHSC, UHPC, and special composite
concrete. The technical characteristics and research content of high-tech concrete
encompass aspects such as high performance, multifunctionality, full ecological
integration, and the incorporation of new technologies.

1) High Performance: Researchers can adopt the comprehensive technological
innovation to enhance various chemical, physicochemical, and mechanical
properties of concrete, making it more conducive to production, structural con-
struction, and possessing superior material and engineering performance. This
further enhances the safety and durability of concrete engineering, extending its
service life.

2) Multifunctionality: Researchers can adopt the material design innovation to
adjust the composition of concrete materials and forming corresponding per-
formance structures, the characteristic functions of concrete can be expanded
to meet the needs of various special purposes. In addition, they can adopt
the innovative composite technologies, exploring and developing composite
structures of concrete with other materials, creating material composite effects,
overcoming inherent shortcomings, and achieving new breakthroughs in
expanding application areas.

3) Full Ecologization: Researchers can adopt the material chemistry innovation,
developing and utilizing various industrial and domestic waste as substitutes for
the components of ordinary concrete, achieving the goals of resource conserva-
tion, energy efficiency, and environmental friendliness in concrete production.
Through innovative design concepts, developing concrete from material selec-
tion to manufacturing, use, and recycling, incorporating materials into a fully
life-cycle recyclable design and preparation technology.

4) Adoption of new technologies: Researchers can adopt the interdisciplinary
innovation, learning from and applying technological methods and experiences
from other fields, developing new designs, new raw materials, and new manu-
facturing methods, seeking revolutionary leaps in the properties and functions
of concrete materials. In addition, they can adopt the intelligent innovation,
developing smart concrete with self-diagnostic, self-repair, self-organization,
and self-adjustment functions. Ultimately, they will integrate information
technology innovation, developing big data, digitalization, and networking
technologies, endowing concrete with new qualities for the modern era.
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