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Abstract: Material Mechanics is an important subject for science and engineering students in vocational colleges. However, 

its teaching effect has not been up to par for a long time. In order to improve the teaching quality, this paper discusses four 

problems existing in the teaching of Material Mechanics and proposes corresponding countermeasures. Rich animations and 

Mises stress nephograms can be formed using new techniques, such as finite element simulation, making it easier for students 

to understand abstract concepts. The introduction of engineering-related cases can enhance students’ interest, and students’ 

hands-on skills and innovation can be improved with open mechanics laboratory. The suggestions are worthy of reference and 

should be flexibly applied to the teaching of Material Mechanics. 
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1. Introduction 

Material Mechanics has important applications in civil engineering, mechanical engineering, mining 

engineering, and other professional fields. It is an important subject in engineering colleges, playing an 

important role in cultivating scientific quality, engineering quality, and innovation skills [1-3]. With the rapid 

development of vocational education, the curriculum setting and credit hour allocation of vocational 

colleges have undergone significant changes. The teaching hours of Material Mechanics have been 

shortened, but its teaching content has not been reduced; moreover, there is not much of an improvement 

in its teaching methods. The traditional teaching system has revealed a great deal of absurdity in this context. 

For instance, the teaching framework of Material Mechanics is primarily based on undergraduate colleges, 

and its teaching content is overly broad, all-embracing, and theoretical. Vocational college students, unlike 

conventional undergraduates, have poor learning capabilities, particularly in areas of theoretical deduction 

and arithmetic. Too many complicated theoretical derivations and calculations make the subject extremely 

tedious and difficult to stimulate interest in students [4-6]. For a long time, there has been a dearth of 

mechanics experimental equipment at vocational institutions, and experimental Material Mechanics 

training has received little attention. These are some of the challenges in learning the abstract concepts of 

Material Mechanics. Many students are unable to learn and comprehend the mechanical properties of 

different materials even with the help of experiments. In short, the traditional teaching method of Material 

Mechanics can no longer meet the educational needs of current vocational education; therefore, it should 

be explored and reformed. 

The rapid development of information technology and digital technology provides technical support 

for the reform of teaching content and teaching methods in vocational colleges [7-12]. For instance, finite 
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element and other technologies can simulate intuitive animations and stress nephograms, which is 

convenient for students to gauge abstract concepts, such as stress concentration, necking, and instability. 

The application of these new technologies not only improves the learning efficiency and quality of students, 

but also reduces the pressure faced by teachers. 

On the one hand, there is much irrationality in the traditional teaching system; on the other hand, the 

development of new technologies provides technical support for the reform of vocational education. In this 

context, systematically identifying the challenges existing in the teaching of Material Mechanics in 

vocational colleges and proposing targeted countermeasures are highly worthwhile for research.  

In consideration of the actual teaching situation in vocational colleges, this paper expounds some 

problems existing in the teaching of Material Mechanics, and in view of these problems, corresponding 

countermeasures are put forward.  

 

2. Existing problems 

It is necessary to systematically identify the challenges faced by Material Mechanics in vocational colleges. 

The research team consists of frontline teachers with years of teaching experience. They have carried out 

extensive discussions on the teaching quality of Material Mechanics and discovered four issues. 

 

2.1. A dull teaching process that fails to stimulate students’ interest 

Material Mechanics is a subject with strong applicability. In the course of teaching, teachers should not 

only pay attention to imparting theoretical knowledge, but also cultivating students’ skills to solve practical 

engineering problems [13]. As this subject has many concepts and formulas, involving a large number of 

mathematical derivations, its teaching content is dull, and it is difficult to stimulate students’ interest. In 

addition, students lack internship or industrial field research experience, as well as the understanding of the 

subject’s purpose and enthusiasm to learn. The teaching of Material Mechanics involves bending of beams, 

torsion of shafts, combined deformation of bending and torsion, etc. Teachers have to perform mathematical 

calculations and draw stress diagrams as well as torque diagrams on the blackboard based on the results. If 

the students are not paying attention, they will not be able to keep up with the lectures. After-class tasks are 

likewise difficult and thorough, requiring a significant number of mathematical computations. Students 

generally lack enthusiasm and the drive to learn due to their poor computing skills. 

 

2.2. Stereotypical textbook assignments 

After-class assignments further consolidate and improve the classroom content. The assignments from local 

Material Mechanics textbooks are too stereotypical and far from practical engineering application. In some 

textbooks, the assignments only modify the data of known examples. These assignments are generally for 

the students to review the formulas as they play a very limited role for understanding a knowledge point. 

They have little connection with practical engineering problems, which is another common issue. The 

research team carried out a survey on the graduation designs of junior college students and found that nine 

out of 33 students were unable to design the diameter of a drive shaft based on engine torque output (or 

safety check). With an aim of cultivating applied talents, the goal of teaching Material Mechanics in 

vocational colleges is to enable students to master basic principles and methods of mechanical analysis and 

be able to use relevant theories to solve practical problems. It is clear that the students’ practical skills and 

the capabilities to apply theoretical knowledge to solve practical problems have not been well exercised 

and developed. 

 

2.3. Extreme teaching goals 

There is a certain gap in terms of the quality of students between vocational colleges and ordinary 
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undergraduate colleges. Vocational colleges frequently relate to undergraduate institutions when setting 

teaching objectives. Since students in vocational colleges have a weak foundation in basic subjects, such 

as mathematics and physics, in addition to weak computing and analytical skills, it is difficult to achieve 

high teaching objectives. In order to complete their teaching tasks in class, teachers have to make quick 

progress in teaching. Students generally feel that the content is not easy to understand and digest, and that 

it is a challenge to complete their homework after class. The knowledge system of Material Mechanics 

echoes back and forth, with the front content serving as the basis of the back content. The effectiveness of 

the following class’s teaching is influenced by the quality of homework completed after class. This forms 

a vicious circle, where teachers are under more pressure, while students find it more difficult to learn. In 

short, appropriate teaching objectives that fully consider the characteristics of talent training in vocational 

education should be formulated. 

 

2.4. Insufficient attention to mechanics experiment 

The experimental course of Material Mechanics has two purposes. First, it improves students’ experimental 

skills and enables students to master the basic knowledge, experimental methods, and techniques of 

mechanics experiment. Second, it cultivates students’ practical skills and innovative spirit, as well as 

improves their capabilities to analyze practical engineering problems. However, vocational colleges do not 

emphasize much on the experimental side of Material Mechanics, in which the proportion of class hours 

occupied by the experimental side is negligible. The research team conducted a questionnaire survey on 

several graduates. The findings of the study suggested that students have not mastered the basic operation 

of mechanics experimental equipment, and they still need to consult books and relearn if they wish to carry 

out mechanical tests on a certain part. 

 

aluminumlow carbon steel

FF
 

Figure 1. Specimen of composite layer for tensile test 

 

Mechanics experiment is a traditional teaching method based on verification; that is, to verify the 

accuracy and authenticity of a formula via experiment [14-17]. As a result, students lack the opportunity to 

explore independently, and their ideas cannot be verified through experiments. Students can, for example, 

use tensile testing to discover that aluminum has a lower tensile strength than mild steel. Some students 

may come to envisage the tensile characteristics of aluminum and low carbon steel composite plates (as 

illustrated in Figure 1). The experimental conditions are available, however owing to the laboratory 

management system and the difficulties of reimbursement of samples, only some teachers encourage 

students to undertake experiments for exploration. In short, mechanics experiment receives insufficient 

attention, its teaching method is too conventional, and students’ thinking capacity cannot be sufficiently 

strengthened. 

 

3. Countermeasures 

3.1. Apply new technologies such as finite element simulation 

The finite element software has a very powerful post-processing function, which can be used to display 

Mises stress nephograms and animations of stress, strain, deformation velocity, and other variables during 
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material deformation [18,19].  

Finite element modeling and simulation have been used in teaching by the research team. Abaqus 

software has been used to model and a large number of Mises stress clouds have been simulated. These 

materials have been applied to teaching experiments, and good teaching results have been achieved. 

The necking and fracture of tensile experiments have always been perplexing for students. Students 

are unable to visually appreciate the stress or strain distribution of the sample with necking during 

mechanics experiments. Therefore, their understanding of material deformation and fracture is not deep 

enough. The abundant stress nephogram data obtained from the finite element model can solve this issue. 

Figure 2 shows a Mises stress nephogram of the model during necking and fracture of a sample under 

tension. In Figure 2, the Mises stress nephogram is colored to show the difference of stress values at 

different positions of the sample. The more the color tends to blue, the smaller the Mises stress. On the 

contrary, the more the color tends to red, the greater the Mises stress. In addition, the rich data also facilitate 

students to understand the deformation law of the sample under external load. The data in Figure 2 reflect 

the numerical statistics of Mises stress in different areas of the sample under different external loads. 

 

 

 

 

(a)  (b) 

 

 

 

(c)  (d) 

Figure 2. Necking of the finite element model; (a) t = 9.75 s; (b) t = 11.25 s; (c) t = 12.75 s; (d) t = 13.5 s 

 

Similarly, the research group also carried out a finite element modeling and simulation of a torsion 

experiment. Figure 3 shows the stress distribution of the shaft under torque.  

Teaching practices have shown that finite element simulation can stimulate students’ interest in 

learning, as well as deepen their understanding of abstract and complex mechanical behaviors. It can be 

seen from Figure 3 that under the action of torsional couple, there are obvious differences in stress 

distribution at different positions from the axis. The stress value is greater as it moves further away from 

the axis, and vice versa. The depiction of finite element stress nephogram is easily accepted by students 

compared to the formula derivation in the textbook. 
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Figure 3. Finite element analysis of solid shaft under torsional action 

 

3.2. Introduce engineering cases to enhance learning interest 

The introduction of typical engineering cases can emphasize the importance of Material Mechanics, attract 

students’ attention, and enhance their interest in learning. As an example, clips of hitting icebergs and 

sinking ships in the film “Titanic” can be used for discussing a case when analyzing the brittleness of 

materials. By analyzing the mechanical properties of the remains of hull steel, experts found that the steel 

changes from plasticity to brittleness at a very low temperature. In this way, the hull is liable to fracture 

under small load impact. In view of the brittle fracture, the Titanic sank into the Atlantic with more than 

1,500 people on board. What a painful lesson it was. The introduction of video clips into the teaching 

content intangibly instills the importance of the course among students. In Material Mechanics, materials 

with a deformation rate of more than 5% are regarded as plastic materials, while those with a deformation 

rate of less than 5% are regarded as brittle materials. Combined with the film, students will gain an in-depth 

understanding that the deformation resistance of brittle materials is far lower than that of plastic materials. 

The introduction of engineering cases will not only enhance students’ interest in learning, but also 

emphasize the importance of this course [20]. Taking the automobile major as an example, integrating the 

design of automobile key parts into teaching may produce more beneficial teaching effects. For example, 

Ferrari and other high-end sports vehicles not only offer a stunning aesthetic ordeal but also a high level of 

safety. These safety designs are inseparable from the basic theory of Material Mechanics. What elements 

should be considered in the design and processing of shafts with large torque output? With these problems 

in mind, the teaching effect will be much better when teachers explain theoretical knowledge in conjunction 

with actual images.  

 

3.3. Keeping the laboratory accessible 

Mechanics experiments in vocational colleges are currently conducted as classes, and students are given a 

certain time to perform experiments. This kind of setting limits students’ autonomy. Keeping the laboratory 

open all day long from Monday to Friday will be beneficial to students. During this period, they can make 

appointments with laboratory teachers or their own classroom teachers to take part in innovative 

experiments independently based on their understanding of certain knowledge points and learning schedule. 

However, in carrying out experiments, teachers should be present to provide guidance and supervision, so 

as to deal with unexpected issues that may occur in the process and ensure the safety of students. The 

research team aided several students who participated in the Beijing College Students’ Mechanical Design 

Competition the previous year as the mechanical properties of several key parts of the entries needed to be 

measured experimentally.  
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The research team dealt with the person-in-charge of the laboratory and guided the students in testing 

the mechanical properties of some parts of the entries. This mechanical property testing of the entries is an 

active behavior in contrast to the traditional mechanics experiment teaching. The students initially put 

forward the test requirements and formulated the experimental scheme. They completed the experimental 

operation and data analysis by themselves. The use of the laboratory accelerated the production progress of 

the entries in the competition and improved the students’ practical skills. As known to all, the talent training 

in vocational education is oriented to skilled and applied talents. In contrast to the learning of theoretical 

knowledge, the cultivation of skilled and applied talents is inseparable from corresponding experimental 

equipment. Open laboratories are common in foreign universities and local research institutes. However, 

the accessibility of laboratories is far from enough in vocational colleges. 

 

4. Conclusion 

Materials Mechanics is an important basic subject for many majors in engineering colleges. It plays a crucial 

role in laying a professional foundation and cultivating professional quality among students. Through 

Material Mechanics, students will be able to master basic theoretical knowledge and the methods of 

mechanical analysis. In addition, students will also be able to integrate what they have learned to simplify 

practical engineering problems into mechanical models, establish mathematical equations, and use 

numerical analysis results of equations for practical problems to evaluate the size of parts or mechanical 

structure. In order to improve the learning effect of students, this paper makes an in-depth analysis on the 

problems existing in the teaching of Material Mechanics in vocational colleges, and proposes several 

countermeasures. This study concludes that frontline teachers should further reflect on the aforementioned 

problems and improve the teaching quality of Material Mechanics. The countermeasures suggested in this 

paper are worthy of practice in teaching. 

 

Funding  

The Project of Beijing Office for Education Sciences Planning and the Project of China Vocational 

Education Association.  

(1) “A Case Study on the Construction of Pilot Test Base of Technical Skill Innovation Service Platform in 

Higher Vocational Colleges” (Project Number: CGDB21208);  

(2) “Research on the Key Elements of the Construction of Vocational Education and Training System in 

Higher Vocational Colleges” (Project Number: CCDB2020135);  

(3) “Research on the Role of Technical Skills Competition in Promoting Huang Yanpei’s View on the 

Quality of Vocational Education” (Project Number: ZJS2022YB024). 

 

Disclosure statement 

The authors declare no conflict of interest.  

 

References 

[1] Wang F, Gao H, Zhang G, et al., 2007, Discussion on Teaching Reform for Material Mechanics 

Experiments. Experimental Technology and Management, 2007(10): 331-332, 349. 

https://doi.org/10.16791/j.cnki.sjg.2007.10.105 

[2] Shao R, Wang H, Song J, et al., 2020, Proceedings of the 2019 3rd International Conference on 

Education, Economics and Management Research (ICEEMR 2019), November 29-30, 2019: 



 

 30 Volume 6; Issue 4 

 

 

Exploration on Teaching Reform of Material Mechanics Course Based on Ideological and Political 

Cultivation. Atlantis Press, 543-545. https://doi.org/10.2991/assehr.k.191221.131 

[3] Hou S, 2019, Proceedings of the 4th International Conference on Humanities Science, Management 

and Education Technology (HSMET 2019), June 21-23, 2019: Exploration on Teaching Reform and 

Practice of Mechanics of Material in the Era of MOOCS. Advances in Social Science, Education and 

Humanities Research, 91-94. https://doi.org/10.26914/c.cnkihy.2019.056584  

[4] Wang S, Ma J, Liu H, et al., 2021, Proceedings of the 2021 4th International Conference on Humanities 

Education and Social Sciences (ICHESS 2021), October 29-31, 2021: Exploration on Teaching 

Practice of Material Mechanics Course for the Run-Through External Cultivation in Vocational 

College. Atlantis Press, 1406-1410. https://doi.org/10.2991/assehr.k.211220.238 

[5] Wang S, 2022, The Current Situation and Teaching Exploration of Engineering Mechanics in 

Vocational Colleges. Scientific and Social Research, 4(3): 6-12. https://doi.org/10.26689/ssr.v4i3.3698 

[6] Chen YX, 2014, Teaching Reform and Practice on Course of Mechanics of Materials. Journal of 

Jianghan University (Natural Science Edition), 42(04): 40-44. https://doi.org/10.16389/j.cnki.cn42-

1737/n.2014.04.004 

[7] Xiong C, 2007, The Curriculum Teaching Reform and Practices of Material Mechanics. Journal of 

Hunan Industry Polytechnic, 2007(01): 137-138. https://doi.org/10.3969/j.issn.1671-5004.200 

7.01.053 

[8] Ford R, Vigentini L, Vulic J, et al., 2021, A Massive Open Online Course (MOOC) on Engineering 

Mechanics: Data Analytics Informing Learning Design and Improvement. Australian Journal of 

Mechanical Engineering, 19(2): 163-172. https://doi.org/10.1080/14484846.2019.1596049 

[9] Feng Z, Wang S, Wang X, 2021, Research on Training Base’s Expansion of Scientific Popularization 

Function in Higher Vocational Colleges. Journal of Contemporary Educational Research, 5(12): 69-75. 

https://doi.org/10.26689/jcer.v5i12.2857 

[10] Bir D, Ahn B, 2016, Proceedings of the 2016 IEEE Frontiers in Education Conference (FIE), October 

12-15, 2016: Applicability of Online Mechanics of Materials Course for Engineering Undergraduate 

Students. IEEE, 1-3. https://doi.org/10.1109/FIE.2016.7757374 

[11] Wang S, Zhao J, He H, et al., 2022, Proceedings of the 9th International Conference on Advanced 

Manufacturing Technology and Materials Science (AMTMS 2021), November 19-21, 2021: 

Simulation Calculation of Strip Descaling Based on Birth-Death Element Method. IOP Publishing, 

012080. https://doi.org/10.1088/1742-6596/2174/1/012080 

[12] Xu Q, Zhao D, 2018, Research and Development of Website Application of Material Mechanics Based 

on Flipped Course. International Journal of Continuing Engineering Education and Life Long Learning, 

28(2): 185-204. https://doi.org/10.1504/IJCEELL.2018.096021 

[13] Liu J, 2012, Exploration on Teaching Reform and Innovation of Material Mechanics. Advanced 

Materials Research. Trans Tech Publications Ltd, 591-593: 2208-2211. https://doi.org/10.4028/ww 

w.scientific.net/AMR.591-593.2208 

[14] Tang F, Yang X, Chen H, 2011, Improvements of Teaching Method in Material Mechanics Experiment. 

Laboratory Science, 14(02): 35-37. https://doi.org/10.3969/j.issn.1672-4305.2011.02.012 

[15] Xiao J, 2006, Reform of Experimental Teaching Research Object of Material Mechanics. China 

Metallurgical Education, 2006(02): 34-35. https://doi.org/10.16312/j.cnki.cn11-3775/g4.2006.02.013 

[16] Wang Y, Chen J, 2007, Investigation and Exploration on Experiment Teaching of Engineering 

Mechanics. Experimental Technology and Management, 2007(10): 363-364. https://doi.org/1 



 

 31 Volume 6; Issue 4 

 

 

0.16791/j.cnki.sjg.2007.10.118 

[17] Miao Z, Yang D, Zhao G, 2007, Reform and Practice of Check Method in Mechanical Experiment 

Teaching. Experimental Technology and Management, 2007(10): 342-343. https://doi.org/10.16791/j. 

cnki.sjg.2007.10.110 

[18] Ha O, Fang N, 2013, Proceedings of the 2013 ASEE Annual Conference & Exposition, June 23-26, 

2013: Computer Simulation and Animation in Engineering Mechanics: A Critical Review and Analysis. 

ASEE Peer, 1-221. https://doi.org/10.18260/1-2--19335 

[19] Carbonell V, Romero C, Martinez E, et al., 2013, Interactive Simulations as Teaching Tools for 

Engineering Mechanics Courses. European Journal of Physics, 34(4): 991. https://doi.org/10.1088/014 

3-0807/34/4/991 

[20] Wang S, 2022, Teaching Research of Material Mechanics Aimed at Stimulating Vocational College 

Students’ Interest Based on Simulation Technology. Scientific and Social Research, 4(3): 77-83. 

https://doi.org/10.26689/ssr.v4i3.3695  

 

Publisher’s note 

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

 


