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Abstract

:

As one of the most widely used modes of transportation worldwide, the standardization work of railways is of great significance for improving operational efficiency, enhancing service quality, and promoting sustainable development. Through research on railway enterprises, this paper proposes a standardization work solution applicable to railway enterprises of different sizes, which includes six steps. It is found that railway enterprises of different sizes can use the solution proposed in this study to carry out standardization work, but the results of different railway enterprises using this solution to carry out standardization work may be different, and the results of different units using this solution to carry out standardization work within the same railway enterprises are not comparable. Railway enterprises should strengthen cooperation and learn from each other’s advanced experience. Furthermore, the solution in this study can serve as a reference for different railway enterprises to carry out standardization work and contribute to the sustainable development of railway enterprises.
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1. Introduction


Railway transportation, as one of the most indispensable modes of transportation in modern society, plays an irreplaceable role in the transportation system. Against the backdrop of the global economy shifting towards a low-carbon model and under the initiative of China’s Belt and Road, there is significant rejuvenation occurring in the international railway market. Standardization is a series of processes for developing and implementing technical standards [1]. During the rapid development of the railway industry, standardization work is an important approach to promoting modernization, standardization, scientization, and sustainability in railway enterprises, as well as an essential means to enhance their core competitiveness. By carrying out standardization work in railway enterprises, it is possible to regulate the management and operation behaviors of railway transportation, improve the overall efficiency and service quality of it, which is an inevitable requirement for achieving high-quality development of the railways, a fundamental approach to deepen the foundation and standardization of railways, and also helps to maximize the operational efficiency of railway enterprises, reduce operating costs, and inject new impetus into the development of the railway industry [2].



Based on this, this paper studies a standardization work solution which could promote the sustainable development of railway enterprises, aiming to provide references for promoting the standardization work of railway enterprises. It is of profound significance for enhancing the overall competitiveness of railway enterprises and achieving the sustainable development of the railway industry.




2. Literature Review


Currently, there are multiple international organizations dedicated to standardization work related to railways. The International Union of Railways (UIC), founded in 1922 and with 218 members, is the only worldwide railway organization that plays a significant role in promoting railway transportation globally and effectively addresses current and future challenges related to transportation and sustainable development. The UIC considers standardization as one of its five vital points in serving the global community, and technical harmonization has been and is at the heart of UIC’s mission [3,4,5]. The CEN, the European Committee for Standardization, is an association that brings together the National Standardization Bodies of 34 European countries; CENELEC, the European Electrotechnical Committee for Standardization is one of three European Standardization Organizations (together with CEN and ETSI) that have been officially recognized by the European Union and by the European Free Trade Association (EFTA) as being responsible for developing and defining voluntary standards at the European level [6]. The ETSI, the European Telecommunications Standards Institute, is a European Standards Organization, dealing with telecommunications, broadcasting, and other electronic communications networks and services [7]. CEN, CENELEC, and ETSI carry out railway standardization activities in different fields, develop and publish European railway standards, and actively cooperate with the UIC, ISO, and IEC to jointly promote the development of European railway standardization [8,9,10,11]. In addition, there are railway-related Technical Committees (TCs) within the ISO and IEC that engage in standardization work related to railways. For example, the scope of ISO/TC 269 is the standardization of all systems, products, and services specifically related to the railway sector [12,13], while the purpose of IEC/TC 9 is to prepare international standards for the railway field which include rolling stock, fixed installations, management systems (including supervision, information, communication, signaling, and processing systems) for railway operation, their interfaces, and their ecological environment [14,15]. Furthermore, many countries have established dedicated railway standardization-related institutions that are responsible for railway standardization duties and exercise relevant authorities, develop railway-related standards, and actively participate in international activities related to railway standardization [16,17,18,19]. Since the establishment of ISO/TC 269, Chinese organizations have fully participated in and actively promoted the internationalization of standards. A number of standard proposals provided by China have been authorized to carry out standard preparation, and Chinese experts have participated in the preparation of all ISO/TC269 standard projects under development [13].



Railway standardization work involves all aspects of railway enterprises; both railway-related standardization organizations and railway companies have adopted various measures to promote standardization work in the railway industry. At present, railway enterprises actively implement ISO-related standards, such as ISO 14001:2015 [20], Environmental management systems. Requirements with guidance for use; ISO 22163:2023 [21], Railway applications. Railway quality management system. ISO 9001:2015 and specific requirements for application in the railway sector [22,23], and so on. This not only enables railway enterprises to better participate in the internationalization of standards, but also promotes the smooth implementation of standardization in railway enterprises. In terms of multimodal transport, the UIC has the Combined Transport Group (CTG). To develop cooperation among railway enterprises with a view to advancing and promoting intermodal techniques and making them reliable, competitive, and better suited to the requirements of the market and the environment, the CTG has initiated necessary actions in areas such as productivity improvements, communication, business facilitation, and market knowledge, including developing common industry practices in customer management, acquiring new members, and monitoring trends in combined transport [24,25]. In terms of railway safety, railway transportation enterprises should conscientiously implement relevant requirements, promote standardization work, and establish a prevention mechanism. Based on the study of railway safety standardization work, the standardization and optimization measures of railway safety should be further explored, and the foundation of railway safety production should be consolidated [26,27,28]. In terms of railway construction engineering, some scholars [29,30] have studied the use of advanced digital and standardization methods (such as BIM standardized quantity calculation models and open building information models) to systematize information by digitalizing infrastructure; the whole process of project costing can be controlled scientifically and reasonably, thereby achieving the goal of improving efficiency and reducing costs. In terms of railway material planning and management, Wang et al. [31] analyzed the current situation and existing problems of railway material management, and proposed scientific and reasonable standardization solutions to achieve the goals of strengthening management, improving efficiency, enhancing quality, and serving the grassroots community. In the organization and management of integrated commissioning and testing of a high-speed railway, Fu [32] analyzed the existing problems and shortcomings in the current high-speed railway testing organization and management. Based on this, measures and strategies were proposed to improve the efficiency and level of high-speed railway testing work by establishing standardized management systems, strengthening testing personnel training, optimizing testing resource allocation, establishing emergency plans and risk assessment mechanisms, and applying information technology for integrated commissioning and testing operations. In terms of evaluation methods for railway standardization construction, Zeng [33] designed a standard evaluation process for railway transportation stations based on data self-collection. On this basis, corresponding standardization evaluation methods were proposed to provide effective support for the comprehensive evaluation of standardization construction in railway enterprises. Fei et al. [34] proposed a widely applicable definition of the stratified embankment substructure to provide a reference for standardized HSR substructure construction; moreover, he structured an infrastructure standard cluster by studying railway infrastructure standards in China, which provided a reference for the development of standardization work in terms of enhancing railroad efficiency [35].



By the end of 2023, China’s railway operating mileage reached 159,000 km, of which 45,000 km are high-speed railways, accounting for more than 70 percent of the world’s total high-speed rail mileage, and continues to rank first in the world. China is the country with the longest high-speed railway operating mileage, the largest amount of railway under construction, the highest commercial operation speed, the most comprehensive high-speed railway technology, and the most abundant operational scenarios in the world [36,37]. Taking China’s railway enterprises as an example, China’s railway implements a three-tier management model consisting of China State Railway Group Co., Ltd., the Railway Bureaus Group Co., Ltd., and Stations and Depots, which lays the foundation for improving the efficiency of railway operations and service quality. Wang et al. [38] studied and formulated a set of special line management systems by analyzing the operation status and existing problems of the Shenyang Railway Group Corporation. This effectively improved the Shenyang Railway Group Corporation’s loading and unloading of vehicles in terms of the safety control ability to ensure the safety of railway freight transportation. Chi et al. [39] analyzed the current situation of the standardization and normalization of railways and formulated the Loading and Unloading Operation Process and Standards, and through the normalization of its implementation, the professional level of freight management was improved, operation behaviors were standardized, standardization quality of on-site operations was improved, and the safety of railway freight transport was ensured.



It can be seen that the existing literature describes railway enterprises’ standardization work either on the basis of different specialties and develops a solution that applies only to that specialty without considering other specialties, or on the basis of the tier of that enterprise (e.g., one in the three-tier management model) and develops a solution that applies only to that tier without considering other tiers. Based on this, this study proposes a universal solution for standardized work that applies to both different specialties and different levels of railway enterprises.




3. Methodology


This study takes railway enterprises as the research object and aims to investigate a standardization work solution suitable for railway enterprises, thereby laying a foundation for the implementation of standardization work in different railway enterprises. It will enhance the overall efficiency of the railway industry and promote its high-quality development. The steps in this solution and the corresponding outputs are shown in Figure 1.



3.1. Preliminary Preparation Work


The first step is to conduct preliminary preparations, such as on-site research. Through different methods such as on-site visits and communication with frontline employees, research could be conducted in different railway enterprises. Different professional departments could be randomly selected in the same railway enterprise in which to carry out research, or different railway enterprises of the same professional departments could be chosen in which to carry out research, but it should be noted that the choice of departments should have different levels of standardization work, so as to understand the current status of standardization work in the railway industry, problems and difficulties encountered in the process of promoting standardization work, as well as corresponding solutions. By consulting literature and materials, the development of standardization work in different enterprises in the railway industry, as well as in other industries, and effective methods for promoting standardization work could be understood, which can provide materials for investigating different experiences in standardization work and lay a foundation for subsequent research.




3.2. Divide the Enterprises into Different Layers


The second step is to divide the enterprises that formulate standardization work plans into different layers. In fact, any type of railway enterprise could develop its own standardization work plan. However, if the railway enterprise is very large and there are too many people in the enterprise, it will cause the implementation of the standardization work plan to become difficult. Therefore, the enterprise needs to be divided into several different layers based on the size of the enterprise in which the standardization work plan is developed in order to facilitate hierarchical management so that the entire enterprise can effectively implement the work plan. Typically, railway enterprises can be divided into four layers: decision-making layer, management layer, implementation layer, and execution layer, as shown in Figure 2. For extra-large railway enterprises, the execution layer can be further divided into decision-making layer, management layer, implementation layer, and execution layer.




3.3. Clarify the Division of Responsibilities


The third step is to establish corresponding standardization institutions and positions based on the layered classification in the second step, and to clarify their scope of responsibilities, so as to have dedicated work institutions and employees with a clear division of labor that perform their respective duties, fully promoting the implementation of standardization work in their own layer (and the layers they manage). The standardization work of railway enterprises is a “head project” that plays a crucial role in improving the basic management level of railway frontline operations. The institutions, scope of responsibilities, positions, and job responsibilities for standardization work in railway enterprises can be set as shown in Table 1.




3.4. Formulate Standardization Work Plans


The fourth step is to set standardization work goals that each layer hopes to achieve within a specific period of time and break them down hierarchically. The content of the established goals should include the time nodes, the scope involved, the content to be achieved, and the degree of achievement required. An example of formulated standardization work plans for safety management is shown in Table 2.



Standardization work requires the participation and effort of all employees. From the chairman to common employees within the enterprise, they all need to deeply understand and implement the requirements of standardization. Only through the efforts of all employees can the standardization work goals of railway enterprises be achieved.




3.5. Identify the Stages of Work


The fifth step is to identify the stages for promoting standardization work. Standardization work covers all aspects of railway enterprises, from infrastructure construction, equipment maintenance, and operation management to service provision, which require clear, unified, and high-standard requirements. Only in this way can the operational efficiency and service quality of railway enterprises be ensured to meet market demands. Although there are many specialized fields and positions involved in railway enterprises, the essence remains the same. Overall, the process can be summarized into four stages: establishing standards, learning standards, implementing standards, and comparing standards. Through the iterative process of the four stages, the standardization work is promoted to form a closed-loop management system, achieving systematic management and continuous improvement of standardization work [40] (Figure 3).



Establishing Standards: The indicator system should be established and improved by each layer which focuses on its respective tasks and responsibilities. In the process of establishing indicator systems and evaluation systems, the principles and drafting norms for standardization documents should be followed by all units to enhance the quality of standard establishment.



Learning Standards: In combination with the divided layer, focusing on evaluation indicators and their corresponding standards and regulations, an overall and phased learning plan for different layers can be formulated to achieve precise learning of standards. Specifically, various methods such as face-to-face teaching, multimedia learning, issuing publications, etc. (Table 3) can be used to conduct publicity and training for the employees involved, so that they can choose the appropriate way to learn the standards according to their needs and better understand how to perform standardization work in their respective positions.



Implementing Standards: Further strengthen the daily supervision, inspection, and guidance of standardization work to ensure the orderly operation of the creation mechanism, the effective implementation of the creation tasks, and promote the smooth development of standardization work at all layers. It should be noted that the supervision of standardization work should be carried out under the unified leadership of superior-layer departments, with the cooperation and coordination of relevant departments at all layers involved, and a joint effort to inspect and check the specific situation of standardization work. During the inspection and supervision process, any problems found should be recorded promptly, and the identified problems should be evaluated. If necessary, feasible rectification suggestions should be proposed, and the units inspected should be ordered to make corrections within a specified time limit and report on the rectification results. The results of the inspection and supervision can be used as an important criteria for evaluating and selecting outstanding units and conducting performance appraisal. This stage should focus on multi-pronged measures so that standards are internalized in the mind and norms are externalized in action.



Comparing Standards: On the basis of checking the implementation of the standardization work of each relevant institution or individual, the results of the inspection will be fed back to the superior authorities, so that the authorities know the situation of standardization work at each layer and the existing problems, so as to improve the shortcomings in the next work, so that, next time, the standard is more accurate and reasonable, and more conducive to the implementation of the standardization work of the enterprise. In the stage of “comparing and achieving standards”, attention should be paid to standardizing the comparison process and adhering to the problem’s orientation, strengthening the planning and arrangement, strengthening the implementation of the responsibility, strictly organizing the implementation, improving the process and methodology, and eliminating the phenomenon of disorganization, problematic inaccuracies, false achievements, and so on.



It should be noted that each step should be refined separately according to the characteristics and work content of different positions. Therefore, the actual steps are detailed and specific, rather than uniform.




3.6. Develop Various Mechanisms


The sixth step is to develop a variety of mechanisms that are compatible with standardization work, to guarantee the orderly promotion of standardization work, and to improve the management level and operational efficiency of railway enterprises, such as work promotion mechanisms, technical support mechanisms, supervision and inspection mechanisms, implementation and feedback mechanisms, safeguard incentive mechanisms, and so on (See Table 4). If the mechanisms need to be reworked or validated, or if the previous steps need to be improved, it is necessary to start with Section 3.1., Preliminary Preparation Work.




3.7. Scoring and Evaluation


In order to evaluate the effect of standardization work, railway enterprises display results in the form of scores. Specifically, indexes and evaluation systems can be set up in railway enterprises. The total score is set at 100 points, of which 50 points are for general indicators and 50 points for professional indicators. General indicators are the same indicators in different professions, mainly used for evaluating daily management work, formulated by the decision-making layer; professional indicators are unique to different professions, mainly used for the completion of standardized work tasks in different professions, formulated by the relevant management layer of the railway enterprise in accordance with the actual situation of each profession. The scoring should be differentiated according to different professions, corresponding to different indicator systems. Different index systems for different professions can be converted by certain coefficients to obtain a total score, which can be ranked together with other professions in the whole enterprise. According to the ranking, corresponding reward and punishment measures can be formulated to promote the standardization work of employees and make the standardization work sustainable. Examples of indicators, evaluation systems, and reward and punishment measures are shown in Table 5.



The scores of enterprises can be derived from the following equation:


   Scores   of   enterprise =     ∑   The   average   score   of   the   same   professional   enterprise       Number   of   enterprise   types     



(1)




among them,


   The   average   score   of   the   same   professional   enterprise =     ∑   Scores   of   enterprises       number   of   enterprises     



(2)









4. Discussion


Promoting standardization work is an important direction for the development of railway enterprises, a necessary means to realize the standardization and refinement of the internal management of railway enterprises, an inevitable choice to adapt to the market demand and meet the needs of passengers, and an important way to achieve the high-quality development of the railway industry. In this paper, a standardized work solution applicable to railway enterprises is proposed, and six steps of the solution are introduced. Unlike other solutions, this study does not put forward a specific solution for a certain profession or field of railway enterprises, but a macro solution for railway enterprises. The following scenarios may occur in different railway enterprises in the process of using the solution proposed in this study:




	(1)

	
Railway enterprises leading the standardization work are of different sizes and may be divided into different layers, e.g., after a large railway enterprise is divided into four layers, its executive layer may be divided into layers again. Although different sizes of railway enterprises may be divided into different layers, the steps of their standardization work are almost the same, and can be carried out according to the six steps in Section 3, Methodology.




	(2)

	
Differences in various factors, such as geographic location, passenger volume, management level, and degree of awareness, have led to different railway enterprises having different focuses. Therefore, even if the standardization work is carried out by the same layer (or similar size) of railway enterprises, the results may not be the same.




	(3)

	
There are a number of different units in the same railway enterprise, and there are great differences in the content of the work, types of work, and positions among different units; from this point of view, the standardization of different units within the same railway enterprise is not very comparable.









This being said, different railway enterprises can eventually be ranked by means of scoring, so that railway enterprises can be compared regardless of whether they have the same professions and whether they are in the same enterprise, which in turn provides an intuitive understanding of the results of standardization work carried out by railway enterprises. The score can be linked to employee performance, thus motivating employees to work hard to do a good job of standardization. In addition, according to the ranking of standardization work, appropriate reward and punishment measures can be developed in order to promote the standardization of staff to carry out their work. At the same time, the score comes from different indicators (such as general indicators, professional indicators, etc.), so the score (i.e., the score of each indicator) can be further analyzed or compared with different enterprises to analyze their own standardization strengths or weaknesses, and to promote the sustainable development of the standardization of the enterprise.




5. Conclusions


Based on the above analysis, we believe that each railway enterprise should strengthen their cooperation with others and actively learn from the experiences of other enterprises in order to improve their own standardization work level. Meanwhile, the standardization work level in different periods should be compared and analyzed to find out the direction that can be further optimized and improved.



Although the railway industry has made remarkable progress in standardization work, with the continuous progress of science and technology and the rapid development of the railway industry, the standardization work of railway enterprises will face more challenges and opportunities. In the face of the new market environment and economic situation, railway enterprises need to pay more attention to standardization work in different ways, such as strengthening standardization work, improving the standard system, and so on, to continuously improve their operational efficiency and service quality, in order to contribute to the sustainable development of the railway industry.
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Figure 1. The steps in this solution and the corresponding outputs. 
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Figure 2. Layer division of railway enterprises. 
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Figure 3. The stages for promoting standardization work. 
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Table 1. The institutions, scope of responsibilities, positions, and job responsibilities for standardization work in railway enterprises.
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Layers

	
Institutions 1

	
Scope of Responsibilities

	
Positions 2

	
Job Responsibilities






	
Decision-making

layer

	
Standardization

leading group

	
Implement the deployment of standardization work of superior units (if any), research and promote the standardization work at their own layer and the inferior layers, deal with the decision-making and approval of major issues in the standardization work, and establish the guidelines, policies, and documents for the standardization work of the enterprise.

	
Chairman, general manager, deputy general manager, etc.

	
Responsible for the overall promotion of standardization work in the enterprise.




	
Management

layer

	
Leaders

in charge of

each profession

	
Responsible for the standardization work of their respective professions.




	
Implementation

layer

	
Standardization

leading group

office

	
Under the guidance of the standardization leading group, the standardization documents of the enterprise are refined, and the standardization work rules of their respective professions are formulated; on this basis, the standardization work of each profession is supervised and inspected, the effective implementation of the standardization work of their respective professions is promoted, and the standardization work is regularly reported to the standardization leading group.

	
Department

directors of

each profession, etc.

	
Responsible for the implementation of standardization work in their respective departments.




	
Execution

layer

	
-

	
-

	
Common employees

	
Responsible for the execution of standardization work.








1,2 Each layer may be adjusted on the basis of institutions and positions listed in the above table according to the needs of work.













 





Table 2. An example of formulated standardization work plans for safety management.






Table 2. An example of formulated standardization work plans for safety management.





	
No.

	
Time Nodes

	
Scope

	
Content

	
Degree

	
Layers






	
1

	
January 2023–

December 2023

	
Enterprise-wide

	
Safety management *

	
No enterprise-wide safety accidents

	
Decision-making

layer




	
2

	
Within a professional field

	
No safety incidents within a professional field

	
Management

layer




	
3

	
Within a professional department

	
No safety incidents in a professional department

	
Implementation

layer




	
4

	
Related employees

	
No safety accidents among employees

	
Execution

layer








* The actual situation may be divided more finely.













 





Table 3. Examples of learning standards [41].






Table 3. Examples of learning standards [41].





	Forms of Training
	Learning Contents
	Features





	Face-to-face teaching
	Basic requirements and standards
	Face to face, timely communication



	Multimedia learning
	Universally applicable and

widely accessible content
	Comprehensive, intuitive, and wide-ranging



	Issuing publications
	Highly professional content
	Strongly theoretical and systematic,

widely distributed



	Self-learning
	Position-related and

profession-related content
	Flexible



	Mixed
	On demand
	Flexible










 





Table 4. Examples of mechanisms.






Table 4. Examples of mechanisms.





	No.
	Categories
	Purposes
	Examples





	1
	Work promotion mechanism
	Clarify the organizational structure, personnel composition and responsibilities, work content, and process of standardization work at all layers to ensure that the work is carried out in an orderly manner.
	Project management is carried out for all tasks of standardization work, and the objectives, progress, and responsible persons of the project are clearly defined. Through project management, the successful completion of tasks is ensured.



	2
	Technical support mechanism
	Provide technical support for the development of standardization work, solve technical problems encountered in the process of standardization work, and ensure the smooth development of standardization work.
	Establish the technical reserve system related to standardization work to provide technical support for the development of enterprise standardization work. Through technical reserves, it can cope with future changes in technology and the market and ensure the sustainable development of enterprises.



	3
	Supervision and inspection mechanism
	Supervision and inspection of standardization work in order to identify problems and rectify them in a timely manner to ensure the effective implementation of all standardization work.
	Establishment of an internal oversight body to regularly monitor and inspect the status of standardization work at different layers. This can be achieved through regular inspections, random checks, etc.



	4
	Implementation and feedback mechanism
	Through timely collection of opinions and suggestions from all layers and positions in the standardization work, timely rectification and optimization of existing problems will be carried out.
	Regularly organize people to assess the implementation of standardized work at different layers, find problems, and communicate feedback in a timely manner, so as to formulate improvement measures and order them to make corrections within a certain period of time.



	5
	Safeguard incentive mechanism
	Different safeguarding and incentive measures are formulated for standardization work in order to stimulate the enthusiasm of standardization work practitioners and provide basic protection for standardization work.
	Establish a clear reward system to recognize and reward units or individuals who have performed well in standardization work. This can be reflected in terms of remuneration, benefits, promotion opportunities, and so on.



	……
	……
	……
	……










 





Table 5. Examples of indicators, evaluation systems, reward and punishment measures.






Table 5. Examples of indicators, evaluation systems, reward and punishment measures.





	No.
	Scores of Enterprises
	Grade of Enterprises
	Reward and Punishment Measures





	1
	90–100
	Excellent
	Reward, keep it up



	2
	80–89
	Good
	None, need to catch up



	3
	Less than 80
	Poor
	Punishment, improvements are urgently needed
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