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The activity and technique principle of football shooting are
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Abstract. This research aims to investigate the effect of strength training on soccer ball shooting speed, comparing
biomechanical characteristics. Some important biomechanical parameters, including the maximum angular velocity of the hip
and knee joints, the maximum torque of the hip and knee joints in the forward movement and impact phases, and finally, the
maximum ball speed, were selected for analysis. One-way analysis of variance with repeated measures and Tukey’s test showed
a significant decrease in the maximum ball speed and the maximum angular speed of the knee joint between the first and fifth
shots and subsequent shots. Compared to the first shoot, the hip joint’s maximum angular velocity, and torque significantly
decreased from the sixth shot onwards. After five weeks of performing strength and flexibility exercises, a test was taken
comparing two methods of strength and flexibility. Ultimately, the data were analyzed with correlated and uncorrelated t-student
statistical methods. The results showed that the selected strength training program significantly affects shot range and dribble
speed. Also, to increase the physical and mechanical resistance of soccer balls, nanotechnology has been used by the production
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of plastics with nanomaterials.
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1. Introduction

All over the world, in developed and developing
countries and among different classes, in every gender,
every social and economic situation, everyone talks about
football (Milanovi¢ et al. 2022). The elders in this field are
much more famous than the world’s political, social,
engineering, and economic elites (Blake and Solberg 2023).
By looking at this sport’s evolutionary process and
progress, we find that correct, moral, and scientific
education in some countries has led to its significant
progress (Peng et al. 2022). Sports biomechanics is one of
the crucial branches of sports sciences that have made
tremendous progress (Toto 2022). Along with the
development and complexity of sports skills, the
biomechanics of sports movements have also undergone
many changes (Farana et al. 2023). In this regard, it has
dramatically helped improve sports movements and the
quality of skills (Hribernik et al. 2022). Therefore,
biomechanics can be studied in different human, animal,
and even plant branches. In sports biomechanics, only
people involved in sports activities are examined. Sports
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biomechanics examines and analyzes the athlete’s
performance using physical laws such as movement,
friction, torque, levers, and the study of internal and
external forces and their effects on the athlete (Quittmann et
al. 2022). The main goal of sports biomechanics is to
improve the performance of athletes and, in the next degree,
to prevent sports injuries and provide appropriate
rehabilitation guidelines (Fletcher et al. 2021). Today, with
the help of biomechanics, many training and sports types of
equipment are designed and manufactured to prepare
athletes for competition (Ahir et al. 2019). Biomechanics is
a relatively new science, but its application in sports science
has attracted the attention of many enthusiasts. It has
provided great hope for coaches and athletes for better
performance in the future (Waters et al. 2019, Taborri et al.
2020).

1.1 Types of movements in biomechanics

Biomechanics provides a framework for understanding
human movement by analyzing the physical laws that
regulate it (Wu et al. 2024, 2025, Zhan et al. 2025). In
sports biomechanics, the categorization of motions into
various kinds is critical for evaluating and improving
athletic performance. The categories help to identify the
individual demands placed on athletes during different
activities, which informs the formulation of training
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programs targeted at increasing efficiency and reducing
injury risk (Wang et al. 2023b, Kou et al. 2024a, b).
Transitional, circular, and common motions are important
categories of movement that underlie the bulk of athletic
acts, including those observed in football.

Transitional movement

Transitional motion is the uniform displacement of a
body or its components over a straight or curved route,
ensuring that all pieces move the same distance, direction,
and time (Lu et al. 2022). This sort of movement is
distinguished by linear kinematics, in which the body’s
center of mass travels constantly without rotation.
Transitional movements in football occur while running,
leaping, and passing, all of which need continuous speed
and direction. For example, when a player moves towards
the goal, their body surges forward steadily, displaying
transitional motion. Mastering excellent transitional
motions is critical for moving quickly and effectively over
the field (Wang et al. 2023a, 2024i, Hu et al. 2024).

Circular movement

Circular or rotational motion is the movement of an item
along a circular route around an axis in space, with all
components moving in the same direction at the same time
(Lindén et al. 2022). Unlike transitional motion, rotational
movement is based on angular kinematics and prioritizes
body segment rotation above linear displacement. In
football, circular motions occur during spinning, pivoting,
and turning, which need perfect control and balance. A
player may pivot on one foot while moving the upper body
to guard the ball from opponents or prepare for a shot.
These motions are necessary to make quick directional
adjustments and remain stable during dynamic play (Alves
et al. 2023, Ariyanto et al. 2023, Liang et al. 2024a).

Common movements

The complexity of most sports is evident in fundamental
movements, including translational and rotational motions
(Kitagawa et al. 2021). Athletes often execute motions in
sports that need concurrent linear and rotational
displacements. In football shooting, transitional movement
(the leg stretching forward) and circular movement (the hip
and knee joints rotating to generate force) are integrated.
Similarly, players must synchronize rotational adjustments
and linear movements when dribbling to maintain ball
control. By analyzing typical movements, researchers may
gain insights into the intricate interactions among different
body components and develop targeted medicines to
enhance performance (Duan et al. 2024, Xiao et al. 2024,
Zhu et al. 2024a).

Relevance to Football Shooting

Understanding the interaction between these distinct
movement patterns is critical for football shooting
efficiency and effectiveness. A good shot often consists of a
set of motions that flow smoothly from the preparation
phases to the act of execution. During the preliminary
phase, transitional movement is firmly focused as the player
approaches the ball. The circular motion in which the hip
and knee joints spin to create torque becomes more visible
as the point of contact with the ball approaches. Finally,
combining these two movement modalities ensures better
accuracy and power transfer during the impact period. By

meticulously perfecting each phase of this process, players
may improve their shot accuracy, velocity, and scoring
opportunities. Furthermore, studying different types of
movement goes beyond just improving individual skills.
Coaches and trainers may use biomechanical assessments to
create training programs that concentrate on specific aspects
of transitional, circular, and typical motions. For example,
strength training that targets the quadriceps may help the
knee joint expand more quickly, increasing the leg’s speed
before contact (Romero et al. 2022). Similarly, flexibility
training may improve the fluidity of rotational motions,
lowering the risk of injury during strenuous activity (Huang
et al. 2024b, Wang et al. 2024h, Liu et al. 2025b).

1.2 Application of biomechanics in football shooting

In modern football, skill plays a fundamental and
decisive role in today’s football. Players can control the ball
well and dribble or shoot it with high speed, so they play an
essential role in winning and determining the game’s
outcome (Uehara et al. 2020). The skills are influenced by
various factors such as strength, speed, agility, mental
preparation, and biomechanical tests (Bukowska et al.
2021). One of the issues of interest to researchers in this
field is how to provide training to get the most efficient. For
this purpose, different training methods for improving
biomechanical parameters have been evaluated, and special
attention has been paid to them (Nocera et al. 2023).
Achieving the maximum speed of the shot is one of the
most important goals of soccer players, and shooting on the
feet is the best choice (Engler et al. 2023). In recent years,
many researchers have calculated the speed of the shot as an
essential parameter in the kinematic analysis of the shot’s
movement. Recent studies show the speed of the shot
(Engler et al. 2023, GizemBagkaya 2023). The foot at the
moment of shooting the ball directly affects the speed of the
ball after the impact (Yunita et al. 2022). The bio-
mechanical investigation of the soccer shot is usually
summarized by studying the details of limb movements. To
make a shoot, many muscles are activated throughout the
body (Bastiaansen et al. 2022). The quadriceps muscles
play an essential role in the quick opening of the knee joint
and ultimately increasing the speed of the leg before impact
(Romero et al. 2022). Ground and aerial shots are two
types of different performances of shooting on the feet,
according to the conditions used during the competition
(Sarajarvi et al. 2020). It is essential to execute a shoot on
the foot with the maximum speed of the ball because it
gives the goalkeeper less time to react, increasing the
probability of scoring (Ou et al. 2023). During football
training, the coaches sometimes ask the players to
consecutively shoot on the leg to improve this skill’s power
and strength (Daichi et al. 2023). Since players perform this
skill to their maximum ability, improving technique and
physical performance may be harmful and a risk factor
(Pacholek and Zemkova 2020). The use of strength training
to increase sports performance has a history of thousands of
years (Clauss et al. 2021). Historically, resistance exercises
have the concept of increasing muscle strength and size
(Jones et al. 2021). However, various people have recently
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used strength training to increase strength, speed, and
endurance, increase muscle stiffness, help in rehabilitation
and prevent injuries, increase neuro-muscular coordination
and help maintain muscle function in old age. Strength is
one of the most critical factors for the success of a football
player (Sandon et al. 2022).

Football activities like, Tackling, jumping, shooting and
punching, impact power, running, and changing direction
are high-powered and explosive (Williams et al. 2020).
During such activities, the power output depends on the
muscles’ strength, Therefore, having high muscle strength
that can be achieved with strength training is valuable for
soccer players (Li et al. 2024a, b, Ma et al. 2024, Wang et
al. 2024c, f, Xue et al. 2024, Zhang et al. 2024b, Zhao et al.
2024, Zhu et al. 2024b, c). Power affects the abilities of
football players in different ways. Football improves fitness
and cardiovascular endurance. Soccer involves beneficial
activities such as running on the field for long periods,
translating into several miles per game and calories burned.
Soccer increases coordination and speed (Zouhal et al.
2020). During a soccer game, the player focuses on foot-eye
coordination as the player shoots the ball or receives a pass.
Complex movements such as blocking and passing at speed
and moving in different directions can increase the agility
of a footballer (Amra and Soniawan 2020).

Nanotechnology can be used to increase the power of
soccer balls and the range of the balls. The use of
nanomaterials as reinforcement has attracted much attention
(Dai et al. 2021, Huo et al. 2021, Zhang et al. 2021, Chen et
al. 2022, Li et al. 2022, Shi et al. 2022, Zhu et al. 2022,
Wang et al. 2024b). The use of well-distributed nano-
materials in the rubber matrix is vital for better physical and
mechanical properties. In ball making, natural or synthetic
rubber is heated and placed in a circular mold to create a
suitable shape. The primary material of most soccer balls is
usually foam, and rubber and leather are also used, which
all have their characteristics and meet different needs (Ten
Eyck and Hernandez 2009, Garcia-Pertusa et al. 2016).

Given the thorough examination of biomechanics and
strength training in the field of sports science, it is clear that
several gaps and shortcomings remain, necessitating
additional focus (Guo et al. 2024, Huang et al. 20244, Jin et
al. 2024, Man et al. 2024, Wang et al. 2024e, g, Yu et al.
2024, Zhang et al. 2024c, Zhigiang et al. 2024, Zisong and
Habibi 2024). Prior research has highlighted a significant
constraint arising from the inadequate integration of nano-
bio-mechanical principles in traditional biomechanical
assessments of football shooting (Liang et al. 2024b, Liu et
al. 2024, Wang et al. 2024a, d, 2025, Yin et al. 2024, Jining
et al. 2025, Li et al. 2025, Liu et al. 20253, Xia et al. 2025,
Zhou et al. 2025). Contemporary research has primarily
concentrated on macro-level biomechanical parameters,
including joint angles, torques, and muscle activations (He
et al. 2024, Song et al. 2024, Zhang et al. 2024a). However,
the significant potential that advancements in materials
science, particularly nanotechnology, may have to improve
the physical properties of soccer balls has been disregarded.
This gap has hindered our understanding of the possible
effect of increased ball resistance on player performance
and shooting efficacy. A key concern has been identified: a

paucity of longitudinal research examining the long-term
impact of specialized strength training regimens on firing
speed and accuracy. Despite the fact that some research has
examined the immediate effects of strength training, there is
a significant lack of comprehensive data regarding its long-
term effects over extended periods. Further, the potential
synergistic effect of the combination of strength exercises
and flexibility training has frequently been disregarded,
resulting in a neglect of its potential to enhance athletic
performance.

A novel technique has been employed to study the
interplay between nano-enhanced soccer balls with the
biomechanical changes caused by focused strength and
flexibility training. Advanced statistical methods, like as
one-way ANOVA with repeated measurements and Tukey’s
test, have been utilized to give strong evidence for the
effectiveness of personalized strength programs in
improving shooting range and dribbling speed. The use of
nanoparticles in ball manufacture has resulted in
considerable improvements in ball durability and
responsiveness under high-impact conditions. This study’s
originality stems from its multidisciplinary approach,
integrating nano-bio-mechanical viewpoints with traditional
sports science methods. This study examines the potential
of nanotechnology to revolutionize soccer ball design and
concurrently analyzes the biomechanical effects of recurrent
shooting under situations of exhaustion. This combined
approach enhances the knowledge of football dynamics and
offers a basis for future study to improve training
procedures and material engineering techniques in
professional sports. This study signifies a substantial
development in the sector, addressing current knowledge
gaps and facilitating future improvements.

2. Research methodology

The current research is one of applied research, 30 male
football players who were not suffering from neurological
disease or physical disability, who trained professionally
and regularly, and who had no history of significant injury
in the lower body volunteered to participate in this research.
The right foot of the players was chosen as the shooting
foot for biomechanical analysis. After an excellent warm-up
program, which included 10 minutes of slow jogging, 10
minutes of static stretching, and 10 repetitions of soccer
kicks, each player performed 10 leg shoots with a fixed ball
in succession. The ball was shot from a distance of 5 meters
towards the goal with dimensions of 1 x 1 meter. The
subjects were asked to shoot the ball with great force. The
ball weighed 0.5 grams. After each shoot, the ball’s air
pressure (50,000 Pa) was regularly controlled by a unique
pressure gauge. High-speed and high-precision cameras
were used to record the movements of the lower body
during shooting. Motion analysis software (Vicon Nexus
1.2) digitized lower body movements. The maximum
angular velocity of the hip joint, the maximum angular
velocity of the knee joint, the maximum torque of the hip
joint, and the maximum torque of the knee joint of the shoot
foot in the forward movement and impact phases were
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selected for analysis. Joint torques by Nexus app using
force and position data Calculated (Mohammadi et al. 2020,
Wang et al. 2020, 2023c, Ugurlu and Ozturk 2021,
Dehghanbanadaki et al. 2022). For the reference of the
angles of the lower body joints, the fully standing position
for the thigh was considered 180 degrees, the fully opened
knee was 180 degrees, and the natural position of the ankle
was 90 degrees. The speed of the ball was selected for
analysis based on the unit of meters per second (m/s). The
speed of the ball was also obtained based on formula (1):

Ball speed = 1.23 X vpoo + 2.72 @

where ‘v’ is foot speed (m/s).

One-way analysis of variance with repeated measures
was used for statistical analysis. Tukey’s test was also used
to check the significant difference between each of the
biomechanical variables of the shot. The significance level
was also considered o = 0.5.

In the second research phase, to compare the two
selected methods of strength and flexibility training in the
range of kicks, football players were randomly divided into
two groups of strength and flexibility training. Their
personal information, medical and sports records were
collected through a questionnaire. To measure the shot
range, the Pro Sports model obstacles were used to measure
dribble speed, and the Pro Sports model chronometer was
also used to measure time. In order to carry out the tests,
first on the appointed day, to familiarize the subjects with
the tests, the test implementation steps and how to perform
each test were explained. The subjects first warmed up for
20 minutes and then performed the dribbling and hitting the
ball tests, respectively, to measure the characteristics of
dribbling speed and hitting speed in the pre-test stage, and
the results were recorded. Then the strength group for 5
weeks and 3 sessions per week and each session 60 to 80
minutes of strength training, strength training program in
movements such as: Forearm, thigh, back arm, thigh, and
leg exercises. Then the subjects performed the light to
heavy strength training program. First, in the first set, they
performed weights equivalent to 50% of 10RM (Repetition
maximum) for each person in 10 repetitions. In the second
set, 70% of 10RM and 10 repetitions, and in the third set,
100% of each person’s 10RM with 10 repetitions. Each
subject was given 2 minutes of rest between periods .The
flexibility group also performed flexibility exercises for 5
weeks and 3 sessions per week, each lasting 60 to 80
minutes, in such a way that they first ran softly for 10
minutes. They performed stretching movements up to the
pain threshold, so each movement was 20 seconds long.
Stretched, each person ran for 10 minutes at 70% speed and
immediately performed the stretching movements again.
Finally, the same movements were repeated for the third
time. These movements were chosen according to the
importance of the muscles involved in each group in
football, especially shooting and dribbling. In the end, after
5 weeks of training to collect data after the test, both groups
did the desired tests again. Athletes did not use any drugs or
stimulants during the study. Also, to equalize the time of
measuring the variables for all the subjects, all the
measurements were done between 4 and 6 in the afternoon.

Table 1 Formulation of the studied samples

Consuming materials The amount of (phr)
Carbon nanotubes 100
Butadiene rubber 5

Antioxidants 2
Stearic acid 14
Accelerator 1
Zinc oxide 1.7
Sulfur 1.5,1,05,0

Table 2 Individual characteristics of the game

Group

Strength group
before the test
Strength group
after the test
Flexibility
group before Average 22.34+2.15 72.87+4.26 179.6.12+2.54
the test
Flexibility
group after the Average 22.34+2.15 70.6.12+3.18 176.86+4.28
test

Variable (years) Age Weight (Kg) Height (cm)

Average 20.4+1.03 69.75+4.32 177.34+2.43

Average 20.4+1.03 74.18+5.65 175.3.54+5.84

After extracting the data, mean, standard deviation, and
descriptive statistics were used to describe them, and to
compare the variables within the group, correlated and
uncorrelated t-student inferential statistics tests were used
with the help of spss statistical software. The test of the
research hypotheses was also considered to have a
significance level of a > 0.05.

3. Experimental materials and preparation of samples

All samples were prepared with a laboratory roller at a
mixing temperature of 50 to 60 degrees Celsius according
to the Table 1 formula. First, butadiene rubber is softened
for 5 minutes on a roller, and then carbon nanotubes are
added to the rubber mixture. After that, the accelerator,
activator, and, finally, sulfur curing agent were added to the
mixture. The amount of consumables is in Parts per
Hundred Resin(phr). A laboratory roller was used to mix the
mixtures. The characteristics of nanocomposite curing were
determined by Zwick rheometer model 4308 made in
Germany at 180°C according to ASTM standard D208.

4. Discussion and research findings

Table 2 shows the athletes’ age, height, and weight mean
and standard deviation.

As Fig. 1 shows, there is a significant drop in peak ball
speed between the first and tenth shoots. (P = 0.02, -1.8
0.108 m/s).

The maximum angular velocity of the knee joint showed
a significant decrease between the first shot and the fifth
and subsequent shots (P= 0.01, -0.99+0.26 rad/s, Fig. 2a).
Compared to the first shot, the hip joint’s maximum angular
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velocity and torque significantly decreased from the fifth
shot onwards (P= 0.01, -0.17+0.23 rad/s & -0.95+ 0.31
N/m, Figs. 2b and 3b).

The maximum torque of the knee joint showed a
significant decrease between the first shot and the fifth shot
and subsequent shots (Fig. 3a). The results of data analysis
using the correlated t-test show that the selected strength
training program significantly increases the player’s shot
range and dribbling speed (P=0.000). Also, the selected
flexibility training program leads to a significant increase in
the players’ shot range and dribbling speed (P=0.000).
There is a significant difference between the effect of the
two training methods on players’ shot range (0.007). This
difference is also available in dribble speed. In both cases,
strength training is more effective compared to flexibility
training.

Increasing the percentage of carbon nanotubes by phr 1
decreases the optimal curing time. One of the benefits of
using carbon nanotubes is eliminating the difference
between the transverse connections between the surface and
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Fig. 7 Schematic Representation of the Integration of nano-
bio-mechanics in football shooting performance enhancement

the inside of a thick rubber ball. The fracture surface
morphology of the samples (failure in liquid nitrogen) has
been investigated using a field emission scanning electron
microscope (FESEM) manufactured by Hitachi, model
S4160, Japan (Fig. 4). The distribution of carbon nanotubes
in the mixture containing 1 phr of carbon nanotubes has
been done very well, while the mixture containing 1.5 phr
of carbon nanotubes has a heterogeneous distribution in the
mixture, and many carbon nanotube accumulations are
observed in the sample. Carbon nanotube aggregates are
mechanical weaknesses.

Fig. 5 shows the fatigue life curve of the examined
mixtures. It can be seen that increasing the carbon nanotube
in rubber compounds up to 1 phr increases the fatigue life
of the compound.

By increasing the amount of carbon nanotubes, the
bounce has decreased. Since carbon nanotubes have low
bounce and due to energy absorption, they reduce the
bounce of samples filled with carbon nanotubes. By
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increasing the number of carbon nanotubes up to phr 1, the
wear resistance of composites increases compared to pure
plastic (Fig. 6).

Fig. 7 depicts the actual application of our research,
which combines nano-bio-mechanical concepts to improve
football shooting performance. The figure is broken into
three main parts. (1) Biomechanical Analysis, which
focuses on essential biomechanical characteristics such
maximal angular velocity, joint torque, and ball speed
following successive shoots, (2) Strength and Flexibility
Training demonstrates how personalized training programs
improve athletic performance by delaying tiredness and
increasing shot range and dribble velocity, and (3)
Nanotechnology The application stresses the importance of
carbon nanotubes in improving the physical properties of
soccer balls, such as durability, wear resistance, and ideal
rebound. This integration is a holistic approach that
combines athlete physiology, biomechanics, and advanced
materials research to improve player performance and
equipment quality.

5. Conclusions

This research examined the biomechanics involved in
football shooting, the effects of strength and flexibility
training on shooting efficacy, and the role of
nanotechnology in altering the physical characteristics of
soccer balls. The results illuminate the intricate connections
among athletic physiology, biomechanical variables, and the
principles of material science. The experimental findings
indicated a notable decrease in ball speed, the maximum
angular velocity of the knee joint, and the torque at the hip
joint with successive shots, implying a decline in
performance due to fatigue. The decrease in peak ball speed
was significant when comparing the initial shot to the tenth
(P =0.02), accompanied by a reduction in angular velocities
and torgues in both the knee and hip joints after the fifth
shot (P = 0.01). The findings underscore the necessity of
reassessing training methodologies to mitigate fatigue and
sustain optimal performance in competitive settings. The
statistical examination employing correlated t-tests
confirmed that the selected strength training protocol
significantly enhanced players’ shooting range and
dribbling speed (P = 0.000). Similarly, flexibility training
yielded improvements in comparable metrics, however,
strength training has demonstrated greater effectiveness
than flexibility training in enhancing both shooting range
and dribbling speed. This highlights the critical role of
tailored strength training in improving athletic performance,
particularly for skills that require explosive force, such as
shooting in football. The research examined the use of
nanotechnology in the creation of soccer balls, alongside
biomechanical assessments. The integration of carbon
nanotubes into butadiene rubber compounds resulted in
enhancements in fatigue life, wear resistance, and structural
uniformity. The ideal curing duration dropped as the
proportion of carbon nanotubes increased, and their even
distribution throughout the matrix markedly improved
mechanical characteristics. Excessive concentrations of
carbon nanotubes (exceeding 1 phr) led to uneven

dispersion and diminished bounce, highlighting the need for
meticulous optimization of nanomaterial content. This
research adeptly combined traditional biomechanical
principles with modern advancements in materials science,
yielding important consequences for the training protocols
of athletes and the design of their equipment. The use of
nano-bio-mechanical methods has significantly enhanced
our understanding of the intricate dynamics of football,
while also providing practical solutions for enhancing
player performance and extending ball longevity. Future
study may concentrate on the enduring effects of combining
strength and flexibility training, along with alternative
nanomaterials for soccer ball manufacturing.

References

Ahir, K., Govani, K. Gajera, R. and Shah, M. (2019),
“Application on virtual reality for enhanced education learning,
military training and sports”, Augment. Human Res., 5(1), 7.
https://doi.org/10.1007/s41133-019-0025-2.

Alves, S., Babcinschi, M., Silva, A., Neto, D., Fonseca, D. and
Neto, P. (2023), “Integrated design fabrication and control of a
bioinspired multimaterial soft robotic hand”, Cyborg Bionic
Syst., 4, 51. https://doi.org/10.34133/chsystems.0051.

Amra, F. and Soniawan, V. (2020). “The effect of agility, foot-eye
coordination, and balance on dribbling ability: An ex post facto
research at balai baru football academy padang”, Proceedings of
the 1st Progress in Social Science, Humanities and Education
Research Symposium (PSSHERS 2019).
https://doi.org/10.2991/assehr.k.200824.169.

Avriyanto, M., Refat, C.M.M., Hirao, K. and Morishima, K. (2023),
“Movement optimization for a cyborg cockroach in a bounded
space incorporating machine learning”, Cyborg Bionic Syst., 4,
12. https://doi.org/10.34133/chsystems.0012.

Bastiaansen, B.J.C., Vegter, R.J.K., Wilmes, E., de Ruiter, C.J.,
Lemmink, K.A.P.M. and Brink, M.S. (2022), “Biomechanical
load quantification using a lower extremity inertial sensor setup
during football specific activities”, Sports Biomech., 1-16.
https://doi.org/10.1080/14763141.2022.2051596.

Blake, M. and Solberg, V.S.H. (2023), “Designing elite football
programmes that produce quality athletes and future ready
adults: incorporating social emotional learning and career
development”, Soccer Soc., 1-16.
https://doi.org/10.1080/14660970.2022.2149505.

Bukowska, J.M., Jekietek, M., Kruczkowski, D., Ambrozy, T. and
Jaszczur-Nowicki, J. (2021), “Biomechanical aspects of the foot
arch, body balance and body weight composition of boys
training football”, Int. J. Environ. Res. Publ. Health, 18(9),
5017. https://doi.org/10.3390/ijerph18095017.

Chen, F., Chen, J., Duan, R., Habibi, M. and Khadimallah, M.A.
(2022), “Investigation on dynamic stability and aeroelastic
characteristics of composite curved pipes with any yawed
angle”, Compos. Struct., 284, 115195.
https://doi.org/10.1016/j.compstruct.2022.115195.

Clauss, M., Gérard, P., Mosca, A. and Leclerc, M. (2021),
“Interplay between exercise and gut microbiome in the context
of human health and performance”, Front. Nutrit., 8.
https://doi.org/10.3389/fnut.2021.637010.

Dai, Z., Jiang, Z., Zhang, L. and Habibi, M. (2021), “Frequency
characteristics and sensitivity analysis of a size-dependent
laminated nanoshell”, Adv. Nano Res., 10(2), 175-189.
https://doi.org/10.12989/anr.2021.10.2.175.

Daichi, Y., Shinto, K. and Takeshi, S. (2023), “Annual changes in
the physical characteristics of japanese division | collegiate
american football players”, Int. J. Strength Condition., 3(1).



248 Qiannan Liu, Yigiao Zhang, Mostafa Habibi, Ameni Brahmia and Yipng Su

https://doi.org/10.47206/ijsc.v3i1.131.

Dehghanbanadaki, A., Rashid, A.S.A., Ahmad, K., Yunus, N.Z.M.
and Said, K.N.M. (2022), “A computational estimation model
for the subgrade reaction modulus of soil improved with DCM
columns”, Geomech. Eng., 28(4), 385.
https://doi.org/10.12989/gae.2022.28.4.385.

Duan, J., Zhang, K., Qian, K., Hao, J., Zhang, Z. and Shi, C.
(2024), “An operating stiffness controller for the medical
continuum robot based on impedance control”, Cyborg Bionic
Syst., 5, 0110. https://doi.org/10.34133/cbsystems.0110.

Engler, F., Hohmann, A. and Siener, M. (2023), “Validation of a
new soccer shooting test based on speed radar measurement and
shooting accuracy”, Children, 10(2), 199.
https://doi.org/10.3390/children10020199.

Farana, R., Williams, G., Fujihara, T., Wyatt, H.E., Naundorf, F.
and Irwin, G. (2023), “Current issues and future directions in
gymnastics research: biomechanics, motor control and coaching
interface”, Sports Biomech., 22(2), 161-185.
https://doi.org/10.1080/14763141.2021.2016928.

Fletcher, J.R., Gallinger, T. and Prince, F. (2021), “How can
biomechanics improve physical preparation and performance in
paralympic athletes?”, Sports, 9(7), 89.
https://doi.org/10.3390/sports9070089.

Garcia-Pertusa, J.A.A., Alanbari, M. and Cerpa, A. (2016).
“Nanotechnology applied to reneweable energy”, Proceedings
of the International Conference on Electrical Engineering.
https://doi.org/10.21608/ICEENG.2016.30351.

GizemBagkaya, A.M.B. (2023), “The effect of static and dynamic
core exercises on motor performance and football-specific skills
of foothall players aged 10-12”, Gazi Beden Egitimi ve Spor
Bilimleri Dergisi, 28(1), 63-72.
https://doi.org/10.53434/gbesbd.1148408.

Guo, Y. Maalla, A., Habibi, M. and moradi, Z. (2024),
“Electroelastic wave dispersion in the rotary piezoelectric
NEMS sensors/actuators via nonlocal strain gradient theory”,
Mech. Syst. Signal Proc., 216, 111453.
https://doi.org/10.1016/j.ymssp.2024.111453.

He, L., Habibi, M. and Khorami, M. (2024), “Semi-analytical
stability behavior of composite concrete structures via modified
non-classical theories”, Adv. Concr. Constr., 17(4), 187.
https://doi.org/10.12989/acc.2024.17.4.187.

Hribernik, M., Umek, A., Tomazi¢, S. and Kos, A. (2022),
“Review of real-time biomechanical feedback systems in sport
and rehabilitation”, Sensors, 22(8), 3006.
https://doi.org/10.3390/522083006.

Hu, K., Ma, Z., Zou, S., Li, J. and Ding, H. (2024), “Impedance
sliding-mode control based on stiffness scheduling for
rehabilitation robot systems”, Cyborg Bionic Syst., 5, 99.
https://doi.org/10.34133/chsystems.0099.

Huang, J., Pan, Z., Yang, S., Habibi, M. and Safa, M. (2024a),
“Bending-based solution methodology using eigenvalue-
eigenvector approach for analysis of foldable reinforced Golf
Clubs cylindrical shell”, Mech. Adv. Mater. Struct., 1-14.
https://doi.org/10.1080/15376494.2024.2378372.

Huang, Z., Wang, H., Niu, B., Zhao, X. and Ahmad, A.M. (2024b),
“Practical fixed-time adaptive fuzzy control of uncertain
nonlinear systems with time-varying asymmetric constraints: a
unified barrier function based approach”, Front. Inform.
Technol. Electr. Eng., 25(9), 1282-1294.
https://doi.org/10.1631/FITEE.2300408.

Huo, J., Zhang, G., Ghabussi, A. and Habibi, M. (2021), “Bending
analysis of FG-GPLRC axisymmetric circular/annular sector
plates by considering elastic foundation and horizontal friction
force using 3D-poroelasticity theory”, Compos. Struct., 276,
114438. https://doi.org/10.1016/j.compstruct.2021.114438.

Jin, Z., Huo, W., Habibi, M. and Albaijan, 1. (2024), “Thermo-
foldable bending analysis of tunable shells using a higher-order

modeling”, Mech. Adv. Mater. Struct., 1-14.
https://doi.org/10.1080/15376494.2024.2369263.

Jining, L., Yunzhu, A., Habibi, M., Aihui, W., Ming, M., Guoyin,
S. and Lingling, S. (2025), “A hybrid intelligent model for
deformation/strain/stress analyses of sandwich double curved
piezoelectric shells”, Int. J. Struct. Stabil. Dyn., 2025.
https://doi.org/10.1142/S021945542650166 X.

Jones, M.D., Wewege, M.A., Hackett, D.A., Keogh, JW.L. and
Hagstrom, A.D. (2021), “Sex differences in adaptations in
muscle strength and size following resistance training in older
adults: A systematic review and meta-analysis”, Sports Med.,
51(3), 503-517. https://doi.org/10.1007/s40279-020-01388-4.

Kitagawa, R., Liu, Y. and Kanda, T. (2021), Human-inspired
Motion Planning for Omni-directional Social Robots, Association
for Computing Machinery, Boulder, CO, U.S.A.
https://doi.org/10.1145/3434073.3444679.

Kou, J., Wang, Y., Chen, Z., Shi, Y. and Guo, Q. (2024a), “Gait
planning and multimodal human-exoskeleton cooperative
control based on central pattern generator”, IEEE/ASME T
Mechatr., 1-11. https://doi.org/10.1109/TMECH.2024.3453037.

Kou, J., Wang, Y., Chen, Z., Shi, Y., Guo, Q. and Xu, M. (2024b),
“Flexible assistance strategy of lower limb rehabilitation
exoskeleton based on admittance model”, Sci. China Technol.
Sci., 67(3), 823-834.
https://doi.org/10.1007/s11431-023-2541-X.

Li, J., Wu, Z., Habibi, M. and Albaijan, I. (2024a), “An inspection
of the metal-foam beam considering torsional dynamic
responses”, Solid State Commun., 391, 115638.
https://doi.org/10.1016/j.ssc.2024.115638.

Li, X., Luo, L., Habibi, M. and Wang, L. (2025), “Extending a
higher-order foldability constitutive model for dynamic response
analysis of 3D-reinforced shell of deformable”, Acta Mechanica,
1-25. https://doi.org/10.1007/s00707-024-04216-2.

Li, Y., Habibi, M. and Bagheri, M. (2024b), “Al-driven prediction
of linear and nonlinear buckling in nonuniform functionally
graded micro-tubes for sports equipment in sports training”,
Adv. Nano Res., 17(6), 559.
https://doi.org/10.12989/anr.2024.17.6.559.

Li, Y., Li, S., Guo, K., Fang, X. and Habibi, M. (2022), “On the
modeling of bending responses of graphene-reinforced higher
order annular plate via two-dimensional continuum mechanics
approach”, Eng. Comput., 38(1), 703-724.
https://doi.org/10.1007/s00366-020-01166-w.

Liang, F., Mo, L., Sun, Y., Guo, C., Gao, F, Liao, W.H., Cao, J.,
Li, B., Song, Z., Wang, D. and Yin, M. (2024a), “Interlimb and
intralimb synergy modeling for lower limb assistive devices:
Modeling methods and feature selection”, Cyborg Bionic Syst.,
5, 122. https://doi.org/10.34133/cbsystems.0122.

Liang, Z., Zhao, Y., Yu, H., Habibi, M. and Mahmoudi, T. (2024b),
“Artificial neural networks coupled with numerical approach for
the stability prediction of non-uniform functionally graded
microscale cylindrical structures”, Structures, 60, 105826.
https://doi.org/10.1016/j.istruc.2023.105826.

Lindén, H., Petersen, P.C., Vestergaard, M. and Berg, R.W. (2022),
“Movement is governed by rotational neural dynamics in spinal
motor networks”, Nature, 610(7932), 526-531.
https://doi.org/10.1038/s41586-022-05293-w.

Liu, C., Chen, M., Habibi, M. and Chen, X. (2025a), “Effect of
micro-scale parameter and thermal loads on the stress/strain/
displacement distribution of micro-plate”, J. Vib. Eng. Technol.,
13(1), 130. https://doi.org/10.1007/s42417-024-01597-5.

Liu, M., Xu, N., Niu, B. and Alotaibi, N.D. (2025b), “Sliding-
mode surface-based fixed-time adaptive critic tracking control
for zero-sum game of switched nonlinear systems”, Math.
Comput. Simul., 229 78-95.
https://doi.org/10.1016/j.matcom.2024.09.025.

Liu, X., Zhang, X. and Habibi, M. (2024), “DNS key technologies



The activity and technique principle of football shooting are investigated from ... 249

based on machine learning and network data mining”, Adv.
Concr. Constr., 17(2), 53.
https://doi.org/10.12989/acc.2024.17.2.053_

Lu, J., Behbahani, A.H., Hamburg, L., Westeinde, E.A., Dawson,
P.M., Lyu, C., Maimon, G., Dickinson, M.H., Druckmann, S.
and Wilson, R.l. (2022), “Transforming representations of
movement from body- to world-centric space”, Nature.
601(7891), 98-104.
https://doi.org/10.1038/s41586-021-04191-X.

Ma, B., Chen, K.Y., Habibi, M. and Albaijan, 1. (2024), “Static/
dynamic analyses of sandwich micro-plate based on modified
strain gradient theory”, Mech. Adv. Mater. Struct., 31(23), 5760-
5767. https://doi.org/10.1080/15376494.2023.2219453.

Man, Y., Habibi, M. and Maleki, B. (2024), “Biodiesel synthesis
from waste coconut scum oil utilizing SnFe204/cigarette butt-
derived biochar as a magnetic nanocatalyst: Optimization,
kinetic and thermodynamic study”, Chem. Eng. Res. Des., 210,
311-327. https://doi.org/10.1016/j.cherd.2024.08.033.

Milanovi¢, Z., Covié, N., Helge, E.W., Krustrup, P. and Mohr, M.
(2022), “Recreational Football and Bone Health: A Systematic
Review and Meta-analysis”, Sports Med., 52(12), 3021-3037.
https://doi.org/10.1007/s40279-022-01726-8.

Mohammadi, A., Ebadi, T. and Boroomand, M.R. (2020),
“Interface shear between different oil-contaminated sand and
construction materials”, Geomech. Eng., 20(4), 299.
https://doi.org/10.12989/gae.2020.20.4.299.

Nocera, A., Sbrollini, A., Romagnoli, S., Morettini, M., Gambi, E.
and Burattini, L. (2023), “Physiological and biomechanical
monitoring in american football players: a scoping review”,
Sensors, 23(7), 3538. https://doi.org/10.3390/s23073538.

Ou, Y.C, Lei, M.K. and Cheng, K.B. (2023), “Effect of support
foot placement on football instep kick performance”, Sci. Med.
Football, 7(1), 34-40.
https://doi.org/10.1080/24733938.2022.2055781.

Pacholek, M. and Zemkovd, E. (2020), “effect of two strength
training models on muscle power and strength in elite women’s
football players”, Sports, 8(4), 42.
https://doi.org/10.3390/sports8040042.

Peng, Q., Chen, Z., Li, J., Houlihan, B. and Scelles, N. (2022),
“The new hope of Chinese football? Youth football reforms and
policy conflicts in the implementation process”, Eur. Sport
Manage. Quarter., 1-23.
https://doi.org/10.1080/16184742.2022.2083649.

Quittmann, O.J., Abel, T., Albracht, K. and Struder, H.K. (2022),
“Biomechanics of all-out handcycling exercise: Kinetics,
kinematics and muscular activity of a 15-s sprint test in able-
bodied participants”, Sports Biomech., 21(10), 1200-1223.
https://doi.org/10.1080/14763141.2020.1745266.

Romero, V., Lahti, J., Castafio Zambudio, A., Mendiguchia, J.,
Jiménez Reyes, P. and Morin, J.-B. (2022), “Effects of fatigue
induced by repeated sprints on sprint biomechanics in football
players: should we look at the group or the individual?”, Int. J.
Environ. Res. Publ. Health, 19(22), 14643.
https://doi.org/10.3390/ijerph192214643.

Sandon, A., Krutsch, W., Alt, V. and Forssblad, M. (2022),
“Increased occurrence of ACL injuries for football players in
teams changing coach and for players going to a higher
division”, Knee Surg. Sports Traumatol. Arthroscop., 30(4),
1380-1387. https://doi.org/10.1007/s00167-021-06604-w.

Sarajarvi, J., Volossovitch, A. and Almeida, C.H. (2020),
“Analysis of headers in high-performance football: evidence
from the English Premier League”, Int. J. Perform. Anal. Sport,
20(2), 189-205.
https://doi.org/10.1080/24748668.2020.1736409.

Shi, X., Li, J. and Habibi, M. (2022), “On the statics and dynamics
of an electro-thermo-mechanically porous GPLRC nanoshell
conveying fluid flow”, Mech. Based Des. Struct., 50(6), 2147-

2183. https://doi.org/10.1080/15397734.2020.1772088.

Song, G., Zou, Y., Nie, Y., Habibi, M., Albaijan, I. and Toghroli, E.
(2024),  “Application  of  Hashin—Shtrikman  bounds
homogenization model for frequency analysis of imperfect FG
bio-composite plates”, J. Mech. Behav. Biomed. Mater., 151,
106321. https://doi.org/10.1016/j.jmbbm.2023.106321.

Taborri, J., Keogh, J., Kos, A., Santuz, A., Umek, A., Urbanczyk,
C., van der Kruk, E. and Rossi, S. (2020), “Sport biomechanics
applications using inertial, force, and EMG sensors: A literature
overview”, Appl. Bionics Biomech., 2020, 2041549.
https://doi.org/10.1155/2020/2041549.

Ten Eyck, T.A. and Hernandez, P. (2009), “Metaphor usage in
early press coverage of nanotechnology: Turning science into
soccer balls and human hair”, Open Social Sci. J., 2(1).
https://doi.org/10.2174/1874945300902010007.

Toto, G.A. (2022), “A systematic review on digital technologies on
sport science: Didactic of sport”, Formazione Insegnamento,
20(1 Suppl.), 1-12. https://doi.org/10.7346/-feis-XX-01-22_01.

Uehara, L., Button, C., Saunders, J., Aratjo, D., Falcous, M. and
Davids, K. (2020), “Malandragem and Ginga: Socio-cultural
constraints on the development of expertise and skills in
Brazilian football”, Int. J. Sports Sci. Coach., 16(3), 622-635.
https://doi.org/10.1177/1747954120976271.

Ugurlu, O.F. and Ozturk, C.A. (2021), “Experimental investigation
for the use of tailings as paste-fill material through design of
experiment”, Geomech. Eng., 26(5), 465.
https://doi.org/10.12989/gae.2021.26.5.465.

Wang, C., Habibi, M. and Mahmoudi, T. (2024a), “Stability
analysis of the nonuniform functionally graded cylindrical
small-scale beam structures: Application in sport structures”,
Steel Compos. Struct., 52(1), 15-29.
https://doi.org/10.12989/scs.2024.52.1.015.

Wang, D., Bai, Y., Habibi, M. and Mahmoudi, T. (2024b),
“Stability behaviors and governing equations of the volleyball
game ball via GDQ and analytical methods”, Adv. Concr.
Constr., 18(6), 379. https://doi.org/10.12989/acc.2024.18.6.379.

Wang, D., Feng, B., Liu, X., Habibi, M. and Mahmoudi, T. (2025),
“Nanoparticle-infused oils for improved lubrication and wear
resistance in internal combustion engines: Exploring nanoscience
applications in automotive parts”, Adv. Nano Res., 18(1), 1.
https://doi.org/10.12989/anr.2025.18.1.001

Wang, D., Wang, Q. and Habibi, M. (2024c), “Electro-magneto-
elastic analysis of a sandwich composite beam as diving board
in swimming with composed of graphene origami meta-
materials”, Mech. Adv. Mater. Struct., 1-15.
https://doi.org/10.1080/15376494.2024.2422579.

Wang, F., Gao, S., Habibi, M. and Luo, Z. (2024d), “Energy
absorption of vibrating sport equipment used for testing athlete
performance”, Adv. Nano Res., 17(5), 421-434.
https://doi.org/10.12989/anr.2024.17.5.421.

Wang, J., Chen, Y. and Zou, Q. (2023a), “Inferring gene regulatory
network from single-cell transcriptomes with graph autoencoder
model”, PLOS Genetics, 19(9), €1010942.
https://doi.org/10.1371/journal.pgen.1010942.

Wang, K., Boonpratatong, A., Chen, W., Ren, L., Wei, G., Qian,
Z., Lu, X. and Zhao, D. (2023b), “The fundamental property of
human leg during walking: Linearity and nonlinearity”, IEEE T
Neural Syst. Rehabil. Eng., 31, 4871-4881.
https://doi.org/10.1109/TNSRE.2023.3339801.

Wang, L., Habibi, M. and Huang, G. (2024e), “Smart analysis of
sandwich foldable cylinders as gymnastic accessories”, Mech.
Adv. Mater. Struct., 1-18.
https://doi.org/10.1080/15376494.2024.2411414.

Wang, N., Zhang, T., Yang, J., Habibi, M. and Feng, J. (2024f),
“Electro-magneto-mechanical  critical load analysis of
piezoelectric/piezomagnetic sport force plates used for testing
athlete performance”, Mech. Adv. Mater. Struct., 1-15.



250 Qiannan Liu, Yigiao Zhang, Mostafa Habibi, Ameni Brahmia and Yipng Su

https://doi.org/10.1080/15376494.2024.2414944.

Wang, T., Zhou, G., Wang, J. and Wang, D. (2020), “Impact of
spatial variability of geotechnical properties on uncertain
settlement of frozen soil foundation around an oil pipeline”,
Geomech. Eng., 20(1), 19.
https://doi.org/10.12989/gae.2020.20.1.019.

Wang, W., Zhang, J., Habibi, M. and Albaijan, I. (20249),
“Stretchable-thickness model for dynamic responses of graphene
origami reinforced badminton sport plate”, Mech. Adv. Mater.
Struct., 1-13. https://doi.org/10.1080/15376494.2024.2373976.

Wang, Y., Jia, Q. and Deng, T. (2023c), “The role of nano-
technology in reducing the impact on the ball and increasing the
speed of its movement”, Geomech. Eng., 32(5), 463-474.
https://doi.org/10.12989/gae.2023.32.5.463.

Wang, Y., Zhai, Y., Ding, Y. and Zou, Q. (2024h), “SBSM-Pro:
Support bio-sequence machine for proteins”, Sci. China Inform.
Sci., 67(11), 212106.
https://doi.org/10.1007/s11432-024-4171-9.

Wang, Y., Zhang, X., Ju, Y., Liu, Q., Zou, Q., Zhang, Y., Ding, Y.
and Zhang, Y. (2024i), “Identification of human microRNA-
disease association via low-rank approximation-based link
propagation and multiple kernel learning”, Front. Comput. Sci.,
18(2), 182903. https://doi.org/10.1007/s11704-023-2490-5.

Waters, A., Phillips, E., Panchuk, D. and Dawson, A. (2019), “The
coach—scientist relationship in  high-performance sport:
Biomechanics and sprint coaches”, Int. J. Sports Sci. Coach.,
14(5), 617-628. https://doi.org/10.1177/1747954119859100.

Williams, R.A., Cooper, S.B., Dring, K.J., Hatch, L., Morris, J.G.,
Sunderland, C. and Nevill, M.E. (2020), “Effect of football
activity and physical fitness on information processing,
inhibitory control and working memory in adolescents”, BMC
Publ. Health. 20(1), 1398.
https://doi.org/10.1186/s12889-020-09484-w.

Wu, W., Zhao, N., Zhang, L. and Wu, Y. (2024), “Approximation-
based adaptive two-bit-triggered bipartite tracking control for
nonlinear networked MASs subject to periodic disturbances”,
Robotic Intell. Automat., 44(6), 791-805.
https://doi.org/10.1108/R1A-01-2024-0026.

Wu, X., Xu, N., Ding, S., Zhao, X., Niu, B. and Wang, W. (2025),
“Event-based adaptive neural resilient formation control for
MIMO nonlinear MASs under actuator saturation and denial-of-
service attacks”, Inform. Sci., 691, 121619.
https://doi.org/10.1016/j.ins.2024.121619.

Xia, L., Habibi, M. and Li, Q. (2025), “Computational stability
analysis of sport structures: Importance of MEMS for testing
athlete performance”, Steel Compos. Struct., 54(1), 53.
https://doi.org/10.12989/scs.2025.54.1.053.

Xiao, Z., Li, C., Wang, X., Guo, J. and Tian, Q. (2024), “Muscle
strength identification based on isokinetic testing and spine
musculoskeletal modeling”, Cyborg Bionic Syst., 5, 0113.
https://doi.org/10.34133/cbsystems.0113.

Xue, L., Habibi, M. and Ou, C. (2024), “Stability and instability in
responses of a concrete disk with non-classical boundary
conditions”, Adv. Concr. Constr., 18(5), 355.
https://doi.org/10.12989/acc.2024.18.5.355.

Yin, J., Zou, Y., Li, J., Zhang, W.,, Li, X. and Habibi, M. (2024),
“Dynamic stability and frequency responses of the tilted curved
nanopipes in a supersonic airflow via 2D hybrid nonlocal strain
gradient theory”, Eng. Struct., 301, 117240.
https://doi.org/10.1016/j.engstruct.2023.117240.

Yu, C., Lin, P., Wu, Z., Habibi, M. and Zhang, W. (2024), “Multi-
load effect on the deformation analysis of composite nano
reinforced origami sandwich panel”, Mech. Adv. Mater. Struct.,
1-19. https://doi.org/10.1080/15376494.2024.2367015.

Yunita, Y., Aan, W., Susilo, S., Widiastuti, W., Juriana, J., Kurnia,
T. and Muchtar Hendra, H. (2022), “The effect of eye-foot
coordination, leg muscle strength and mental skills on the

shooting skills of bangka football school athletes”, Gladi
Jurnal llmu Keolahragaan. 13(4).
https://doi.org/10.21009/GJIK.134.01.

Zhan, X., Zhou, Z., Liu, Y., Cecchi, N.J., Hajiahamemar, M.,
Zeineh, M.M., Grant, G.A. and Camarillo, D. (2025),
“Differences between two maximal principal strain rate
calculation schemes in traumatic brain analysis with in-vivo and
in-silico datasets”, J. Biomech., 179, 112456.
https://doi.org/10.1016/j.jbiomech.2024.112456.

Zhang, D., Huang, X., Wang, T., Habibi, M., Albaijan, I. and
Toghroli, E. (2024a), “Dynamic stability improvement in
spinning FG-piezo cylindrical structure using PSO-ANN and
firefly optimization algorithm”, Mater. Sci. Eng. B, 302, 117210.
https://doi.org/10.1016/j.mseb.2024.117210.

Zhang, H., Habibi, M. and Zou, Y. (2024b), “Static analysis of
foldable pressurized and thermally loaded cylindrical shell as an
expander in sport equipment reinforced by G-Ori nanofillers”,
Mech. Adv. Mater. Struct., 1-13.
https://doi.org/10.1080/15376494.2024.2412307.

Zhang, L., Chen, Z., Habibi, M., Ghabussi, A. and Alyousef, R.
(2021), “Low-velocity impact, resonance, and frequency
responses of FG-GPLRC viscoelastic doubly curved panel”,
Compos. Struct., 269, 114000.
https://doi.org/10.1016/j.compstruct.2021.114000.

Zhang, Q., Xie, M., Zhou, D., Habibi, M. and Khorami, M.
(2024c), “Bending responses of graphene nanoplatelets reinforced
sandwich cylindrical micro panel with piezoelectric layers”,
Mech. Adv. Mater. Struct., 1-16.
https://doi.org/10.1080/15376494.2024.2385008.

Zhao, J., Wan, L., Habibi, M. and Brahmia, A. (2024), “An
adaptive neuro-fuzzy approach using loT data in predicting
springback in ultra-thin stainless steel sheets with consideration
of grain size”, Adv. Nano Res., 17(2), 109.
https://doi.org/10.12989/.2024.17.2.109.

Zhigiang, S., Aiyun, L., Daichang, Z., Shuangjun, L., Habibi, M.,
Xiaoling, F. and Albaijan, 1. (2024), “Application of a folded
nanostructure reinforcement for the pole vault curved shell”,
Mech. Adv. Mater. Struct., 1-15.
https://doi.org/10.1080/15376494.2024.2375368.

Zhou, W., Huang, Y., Wu, Z., Habibi, M., Habibi, M. and
Marzouki, R. (2025), “Influence of agglomeration and waviness
phenomena on torsional oscillation of MWCNTs-reinforced
composite rods”, Int. J. Solids Struct., 306, 113127.
https://doi.org/10.1016/j.ijsolstr.2024.113127.

Zhu, B., Karimi, H.R., Zhang, L. and Zhao, X. (2024a), “Neural
network-based adaptive reinforcement learning for optimized
backstepping tracking control of nonlinear systems with input
delay”, Appl. Intell., 55(2), 129.
https://doi.org/10.1007/s10489-024-05932-x.

Zhu, J., Wang, Y., An, N., Habibi, M. and Wang, H. (2024b),
“Application of G-Ori metamaterials as sports equipment
baseball bat in an electro-magneto-elastic sandwich composite
beam”, Mech. Adv. Mater. Struct., 1-20.
https://doi.org/10.1080/15376494.2024.2414198.

Zhu, K., Ma, W., Dong, J., Chen, M., Habibi, M. and Albaijan, I.
(2024c), “On the dispersion of bulk wave in hygrothermally
affected poroelastic gymnastics beams based on refined higher-
order shear deformation theory during athlete training”, Mech.
Adv. Mater. Struct., 1-10.
https://doi.org/10.1080/15376494.2024.2428830.

Zhu, L., Ren, H., Habibi, M., Mohammed, K.J. and Khadimallah,
M.A. (2022), “Predicting the environmental economic dispatch
problem for reducing waste nonrenewable materials via an
innovative constraint multi-objective Chimp Optimization
Algorithm”, J. Clean. Prod., 365, 132697.
https://doi.org/10.1016/j.jclepro.2022.132697.

Zisong, Z. and Habibi, M. (2024), “Al-assisted prediction of St14



The activity and technique principle of football shooting are investigated from ... 251

steel sheets formability: Neural-fuzzy systems and crystal
plasticity assessments”, Structures, 65, 106633.
https://doi.org/10.1016/j.istruc.2024.106633.

Zouhal, H., Hammami, A., Tijani, J.M., Jayavel, A., de Sousa, M.,
Krustrup, P., Sghaeir, Z., Granacher, U. and Ben Abderrahman,
A. (2020), “Effects of small-sided soccer games on physical
fitness, physiological responses, and health indices in untrained
individuals and clinical populations: A systematic review”,
Sports Med., 50(5), 987-1007.
https://doi.org/10.1007/s40279-019-01256-w.

JL





