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Abstract

Mechanics refers to the science of interactions and movements
of matters, focusing on the macro- and micro-mechanical processes
of movement, deformation and flow of various media. It reveals the
mechanical processes and mechanisms of interactions with physical,
chemical, biological and other processes. Mechanics provides both
theoretical basis and analytical methods for humans to understand natural
and life phenomena and solve practical problems. As an important branch
of natural sciences, it has led, supported and promoted the development
of many branches of science and technology. A complete disciplinary
system of mechanics has been established in China, which contains the
major sub-disciplines such as dynamics and control, solid mechanics
and fluid mechanics, as well as important inter-disciplines such as
biomechanics, environmental mechanics, explosion and impact dynamics,
and physical mechanics. This report consists of five chapters, which cover
the scientific significance and strategic status, the development laws
and research characteristics, the status and the trend of development, as
well as the funding mechanism and policy recommendations for overall

mechanics and each sub-discipline.

1. The scientific significance and strategic status of mechanics
Mechanics is the earliest summary of scientific theory in the history
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of natural cognition of human beings. It led to the overall development
of natural sciences and continuously promoted the advancement
of human epistemology and methodology. Mechanics combines
human’s understanding of nature with the development of technology
and engineering, opening up the era of large-scale utilization and
transformation of nature. Karl Marx wrote that mechanics is the true
scientific basis of large-scale industry. Xuesen Qian (Hsue-shen Tsien)
once said that it is impossible to imagine that modernization would be
achieved without modern mechanics. Mechanics gave birth to the first
industrial revolution, played an important role in promoting the second
and third industrial revolutions, and served as the fundamentals for
technologies in modern industry. With vigorous vitality and continuous
self-improvement, mechanics plays an important role in promoting
inter-disciplinary fields, exploring cognitive breakthroughs, coping
with complex and uncertain systems, and cultivating innovative and
comprehensive talents. Mechanics is irreplaceable in supporting social
modernization, enhancing original innovation capabilities and ensuring
national security, occupying a unique position in the scientific and
technological layout of world powers.

The past centuries have witnessed the strategic values of mechanics in
the following five aspects.

(1) Mechanics is an important basic subject, deeply intersecting and
integrating with many subjects of natural sciences, and plays an important
role in leading, demonstrating and promoting the development of various
natural sciences.

(2) Mechanics is the foundation of engineering science, which solves
key scientific problems during the design, manufacturing and service of
engineering systems, and plays an indispensable supporting role in the

development of modern industry.
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(3) Mechanics deals with the most basic rules and mechanisms of
natural sciences, technology and engineering. With distinct universality
and systematism, it cultivates outstanding talents in engineering science.

(4) Mechanics has a continuous and exuberant vitality, accompanied
by the progress of natural sciences, technology and engineering, and
human’s life and health, and plays a key role in the innovation-driven
development and the modernization strategy in China.

(5) Mechanics serves various fields of modern engineering and
economic construction, has a broad research area and powerful
development ability, and has the remarkable characteristic of inter-

disciplinarity.
2. The development laws and research characteristics of mechanics

(1) Mechanics has both fundamentality and applicability, showing
its law of development as what we call “driven by a pair of forces”. It
not only laid an important foundation for modern science, but also gave
birth to the first industrial revolution. Nowadays, the development of
mechanics not only closely ties with the frontier issues of non-linearity
and trans-scales in material science, but also involves the major needs
such as the advanced equipment, infrastructures, energy and environment,
as well as life and health. The world’s powers in mechanics all have been
making their efforts to promote both basic research and applied research
of mechanics, seeking a benign interaction between these two.

(2) Mechanics conducts quantitative research by establishing models,
and continuously improves the description and prediction capabilities of
the models. As the modern engineering systems become more and more
complex, and the physical properties and service environment of those
systems are more and more extreme, and the studies on their mechanics

require more accurate mechanical modeling and repeatedly updating of
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computational methods and experimental techniques. Meanwhile, the
models need to be simplified, verified and modified for the purpose of
computations, designs and controls. The world’s powers in mechanics
all have been attaching importance to proposing novel models, theories,
computational methods and experimental techniques, seizing the
commanding heights in the development of new software and advanced
instruments.

(3) Mechanics intersects with many subjects, achieving innovation and
development during intersection. Mechanics continues to integrate and
innovate with other disciplines due to the universality of phenomena and
the applicability of methods of mechanics. Nowadays, new disciplines
such as biomechanics, environmental mechanics, explosion and impact
dynamics, as well as physical mechanics, have been developed from
mechanics. Moreover, by deeply integrating into manufacturing,
materials, energy, environments and human’s health, mechanics aims
to solve major technical issues in these areas. The world’s powers in
mechanics all have been attaching importance to inter-disciplinary and

integrated innovation.

3. The development goals, development ideas, main research
directions and key scientific issues of mechanics

A complete disciplinary system of mechanics has been established
in China, with major sub-disciplines such as dynamics and control,
solid mechanics and fluid mechanics, as well as inter-disciplines such as
biomechanics, environmental mechanics, explosion and impact dynamics,
and physical mechanics. The development of Chinese mechanics has been
“driven by a pair of forces”. That is, a pair of driving forces comes from
both frontiers of science and major needs of the nation. Great efforts have

been made in basic research and applied research of mechanics to seek
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the interaction between these two. Mechanics has played an irreplaceable
role in the construction of Chinese industrial system and national defense
system since the 1950s. The numbers of both publications and citations
of Chinese scientists in the top international journals of mechanics have
ranked the second in recent years. China is one of the two highest-ranking
state members alongside the United States of America in the International
Union of Theoretical and Applied Mechanics (IUTAM). Mechanics has
played an irreplaceable role in major state projects such as hypersonic

flight vehicles, high-speed railway trains and marine equipment.

1) The development goals of mechanics

The development goals of Chinese mechanics are to serve the nation’s
innovation-driven development strategy, to help China become a world
powerhouse in mechanics by around 2035, and to provide strong

disciplinary support for the great rejuvenation of the Chinese nation.

2) The development ideas of mechanics

The development of mechanics must adhere to the “Four Orientations”.
That is, it should meet the specific needs of the frontiers of both science
and technology in the world, the main economic battlefield, the major
national needs, and human’s life and health, and continuously march into
the breadth and depth of science and technology. The development ideas
of Chinese mechanics are as follows.

(1) We should aim at the frontier of mechanics in the world, highlight
the key basic researches in cutting-edge fields, promote the development
of advantageous research directions, comprehensively improve the
research level of mechanics, reach the world’s leading level in the main
research directions, and make original and major achievements in basic
researches with global influence, and improve the international status and

influence of Chinese mechanics.
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(2) Based on the disciplinary needs of the Chinese major scientific
and technological layout, we should highlight the basic applied
researches driven by major needs of the nation. With the goal of
achieving original scientific innovations, we should propose novel
concepts, theories, methods and experimental techniques in mechanics to
meet the major needs of the nation in the fields of aerospace engineering,
railway engineering, energy and environment engineering, and ocean
engineering, and economic developments. We should make the leading
contributions to the self-reliance and self-renewal of the nation in science
and technology.

(3) We should actively promote the intersection and integration of
mechanics and other disciplines, expand the research fields, and cultivate
new disciplines, thereby promoting the development and layout of
emerging disciplines and serving the major national needs and human’s
life and health.

(4) We should strengthen the training of talents in mechanics,
and improve and upgrade the educational system in mechanics. By
cultivating a group of outstanding leaders in mechanics, building a high-
level research team in mechanics, and developing the top journals and
communication platforms of mechanics, the mechanics discipline will
provide original innovations, high-level and high-quality teams, and
platforms to the Chinese economic and social developments and well
cope with the fierce international technological competition.

(5) We should pay attention to the balance between superior and
weak subjects. On the one hand, mechanics has developed many frontiers
and emerging fields in the process of intersecting and integrating with
other fields in recent years. However, the researchers in these frontiers
and emerging fields are not enough, making it difficult for these fields
to become systematic disciplines. On the other hand, there are not

enough trained younger researchers ready to take over from older ones
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in traditional basic mechanics during the cross-integration process. As
these frontiers and emerging fields are the foundations of mechanics,
the stagnation will eventually affect the healthy and sustainable
developments of the entire discipline. It is necessary, thus, to provide
policy encouragement and funding support, and promote the reformation
of the evaluation system, so as to attract more researchers and gradually
expand the scale and influence of mechanics.

(6) It is essential to enhance the construction and development of
research bases, large experimental facilities and advanced experimental
instruments in mechanics. On the one hand, it is urgent to build the state
key laboratories of mechanics that can support the national strategic
needs, such as the space station and lunar exploration, large aircraft,
aero-engines and heavy gas turbines, nuclear power equipment, offshore
engineering platforms, large deep-sea platforms, and high-speed trains.
Besides, the design and reliability evaluation of various large-scale
structures and equipment have set higher requirements on mechanics.
On the other hand, it is necessary to establish inter-disciplinary state
key laboratories of mechanics oriented to the frontiers of science and
technology. Facing the new developments of mechanics, the state key
laboratories for mechanics-oriented multi-disciplines should be planned

and constructed prospectively.

3) The main research directions and key scientific issues of
mechanics

The development fields to which we should give priority, main
research directions and key scientific issues of Chinese mechanics are as
follows.

(1) Cognition, design and control of complex system dynamics. The
main research directions are non-linear dynamics, stochastic dynamics

and dynamics of flexible multibody system. The key scientific issues are
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the dynamic analysis with non-linearity and uncertainty, the identification
of complex systems and their dynamic loads, and the topology design and
control of systems dynamics.

(2) Deformation and failure of novel materials. The main research
directions are constitutive laws of novel materials, the failure theories,
the multi-scale mechanical behaviors, and the new computational and
experimental techniques. The key scientific issues are the constitutive
laws and strength theories of novel materials, the destruction and failure
behaviors of novel materials, and the deformation and failure of novel
materials under dynamic loads.

(3) Mechanical design and analysis of new structures. The main
research directions are the design of new structures, the evaluation of
safety and service life, and the response analysis of complex loads.
The key scientific issues are the new structure design driven by multi-
functions, the structural mechanics of major equipment and the complex
response of new structures.

(4) The multi-physical processes of high-speed flow. The main
research directions are the coupling effect of forces, heat, sound and
other factors in complex flows, the computational model of flow, and the
reproduction of complex phenomena. The key scientific issues are the
coupling of multi-physical processes, the complex flow mechanism and
control, and the flow-motion-deformation coupling effect.

(5) The multi-scale interaction in turbulent flows. The main research
directions are the dynamics of multi-scale structures of turbulence, the
theories and models of spatial-temporal correlation, and high-precision
computations and experimental measurements. The key scientific issues are
the evolution of multi-scale structures of turbulence, the spatial-temporal
coupling characteristics of turbulence and turbulent noise, the multiphase
particle turbulence, and the multiphase turbulence with phase transitions.

(6) X-mechanics. The main research directions are the complex
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medium mechanics under extreme conditions, physical mechanics
theories and methods of multiphase and multi-field functional systems,
and the mechanical characterization and control of living bodies. The
key scientific issues are the evolution of complex media under extreme
conditions, cross-temporal and spatial scale mechanics of discrete
and continuous correlation, the theories and methods associated with
information and intellectual properties of physical mechanics, the
mechanical characterization and cross-scale coupling of living media,
biomechanics in medical care and health, and the design of biomaterial

and physiological adaptation to special environment.

4. The funding mechanism and policy recommendations

The funding system plays a vital role in the development of
mechanics, which includes maintaining an appropriate scale of basic
research teams, stably supporting the researches in basic mechanics
issues and frontier fields, guiding the integration of the national needs to
conduct basic researches, and cultivating a group of young talents and
outstanding academic leaders.

In view of the development status of Chinese mechanics, we make
special suggestions for the disciplinary development of mechanics
as follows. It is better to strengthen the status of the basic discipline
of mechanics and promote the frontier development of mechanics, to
increase financial support to experimental methods and technologies
of mechanics so as to speed up the construction of experimental bases
and experimental facilities, to support the construction of the computing
platform for mechanics so as to promote the development of domestic
computational mechanics software, to promote the construction of
resource sharing and cooperation platform so as to improve the efficiency

of resource utilization, to attach importance to inter-disciplinary fields
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and promote the cultivation of innovative and compound talents of
mechanics, to strengthen the construction of talent teams and actively
train young scholars, and to vigorously improve the quality and influence

of domestic journals of mechanics.

5. Brief introduction to the sub-disciplines of mechanics

1) Dynamics and control

Dynamics and control is a sub-discipline of mechanics. It deals with
the dynamic characteristics of a system, the relations between dynamic
behaviors and excitations of a system, and their adjustments as well. The
main research areas of the sub-discipline include the general principles of
dynamics in nature and engineering, system modeling, and theories and
methods of analysis, design and control, etc. This sub-discipline studies
the motion forms, and the variation laws and their control strategies
with time in high-dimensional, non-linear, non-smooth, uncertain, multi-
field coupling and complex networks etc. from the dynamic perspective,
revealing the relations between excitations and system responses. It
can purposefully adjust the motion form and dynamic characteristics
of a system, and provide theoretical methods and analysis tools for

understanding natural phenomena and engineering analysis and design.

2) Solid mechanics

Solid mechanics is a sub-discipline of mechanics, dealing with the
force, deformation, destruction, and related changes and effects of solid
media and structural systems. As the largest sub-discipline of mechanics,
solid mechanics occupies an important position in the evolution of human
civilization. The deformation and destruction of solids are associated
with almost all aspects of human activities, especially various structures

and equipment in engineering fields, and serious natural disasters such as
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earthquakes, landslides and avalanches. Solid matters and their responses
to forces are diversified, with obvious non-linear and multi-scale
characteristics, such as elasticity, plasticity, creep, fracture and fatigue.
Solid mechanics studies the deformation and strength of materials and
structures under various loads, and provides theories, methods and
means for understanding solid deformation and failure mechanisms,
the engineering structure and equipment analysis, and the evaluation of

design and service reliability.

3) Fluid mechanics

Fluid mechanics is a sub-discipline of mechanics, and studies the
characteristics, flow states and and flow driven by various forces of fluid
media, as well as the laws of mass, momentum and energy transportation.
Fluid media widely exist in nature and engineering fields, from the vast
nebulae of the universe to the atmosphere that surrounds the Earth, from
the endless ocean on the surface of the Earth to the hot magma inside the
Earth, and from the blood in animal blood vessels to the oil and gas in
industrial pipelines. Due to the complexity of fluid physical properties,
flow states and force environments, the problems of fluid mechanics
show basic characteristics such as unsteadiness, nonequilibrium,
multi-scale, multi-field coupling, and strong non-linearity. The fluid
turbulence is one of the unsolved classic problems of natural sciences.
Moreover, fluid mechanics has laid the foundation for the development
of many engineering fields, such as aerospace, energy and transportation

industries.

4) X-mechanics
X-mechanics refers to the modern inter-disciplinary branches of
mechanics. Strong inter-disciplinary is a basic characteristic of mechanics.

The collision between mechanics and other sciences promotes the
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development of mechanics in the new era and becomes a new driving
force for the progress of mechanics. As the intersection becoming more
and more extensive and in-depth, the complexity of the objects of concern
has become more and more prominent. As such, a series of new problems
and new fields at the frontiers of science has emerged. X-mechanics takes
mechanics as the traction and achieves the intersection and integration
of multiple disciplines through the multi-medium integration, the multi-
level integration, the integration of rigid and flexible bodies, and the
integration of objects and intelligence. Meanwhile, mechanics serves as
a bridge between science and engineering, connecting basic and applied
researches in different fields. The research on X-mechanics shows
complex characteristics such as multi-field coupling and spatial-temporal
multi-scales. The development of X-mechanics is inseparable from the
development of mechanics and gives birth to a series of novel concepts,

theories and methods.
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