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Abstract

rail transit infrastructure in China is transitioning from the 'con-

Objective: Currently, the construction of urban

struction-oriented’ to the 'construction and management com-
bined '. The various disciplines of urban rail transit infrastruc-
ture have embarked on the construction or research of digital
operation-maintenance platforms. Conventional rail state opera-
tion-maintenance monitoring and analysis techniques are flawed
on multiple levels, thus it is necessary to study automatic mo-

nitoring and intelligent diagnosis of rail defect states. Method

A DTSS ( digital twin simulation system ) based on BIM
(building information modeling) is introduced; a digital twin
platform is developed for model visualization and data interac-
tion with relevant models; taking Shanghai Rail Transit Line 7
Panguang Road Sta. -Liuhang Sta. interval as example, experi-
mental monitoring and digital twin simulation system testing for
the status of in-service rail fracture defects are carried out. Re-
sult & Conclusion; The monitoring devices of DTSS are ar-
ranged in flow line manner, dividing the test rail into multiple
intervals for whole-day and real-time monitoring, and transmit-
ting the collected information to DTSS through an internal pro-
fessional network; the management equipment responsible for
monitoring rail fractures in two intervals on both sides of a sin-
gle sleeper and the monitoring terminals form an assembly of
devices. The management equipment and the central server can
communicate in multiple ways, and the monitored data is up-
loaded to the database of DTSS. The average rail deformation
calculated by finite element analysis software is approximately
0.51 mm, while the average rail deformation obtained from re-
al-time monitoring is approximately 0. 48 mm, with a deforma-
tion error of less than 5% , which falls within an acceptable
range. This validates the accuracy and reliability of the DTSS
platform.
Key words urban rail transit; rail; digital twin simulation
system
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Fig.1 Diagram of digital twin technology principle
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Fig.3 Architecture diagram of digital twin simulation system
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Fig.4 Rail finite element model
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Fig.6 Software screenshot of rail deformation state monitoring
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Fig.7 Software screenshot of entire station digital twin

simulation model
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Commentary y

Accelerating the Establishment of New Urban Rail Transit Safety Deployment

CHEN Yanshen
(Researcher of China Academy of Urban Planning and Design)

April 15, 2023 marked the eighth ’'National Security Education Day’ in China. On this day, guided by Shanghai Municipal
Committee’s Office for National Security and in collaboration with the Shanghai National Security Bureau, Shanghai Shentong Metro
Group launched the 'Guoan Hao’ ( national security-themed) Train on Shanghai Metro Line 1. At 10:50 a. m. that day, the 'Guoan
Hao' Train embarked on a 30-day journey from People’s Square Station on Shanghai Metro Line 1. The train’s exterior features the
golden characters '[# 45’ ( Guoan Hao: National Security) ; graphics such as 'Vast Mountains and Rivers’, 'Great Wall of Steel’,
and "Peaceful Dove and Auspicious Clouds’ symbolize the nation’s enduring stability and the people’s harmonious living; the roof,
spanning over 90 meters, depicts the 'Nationwide Harmonious Lives of the People’, illustrating a peaceful China and a prosperous
society, showcasing the remarkable achievements in coordinated development and safety made in the new era.

China’s approach to modernization is uniquely characterized by its immense population. With a long-standing position as the
world’s most populous nation, China, with over 1.4 billion people, has collectively transitioned into a modern society. This popula-
tion scale exceeds the combined total of the existing developed countries, constituting an unprecedented accomplishment in the histo-
ry of human development. By 2022, China’s urbanization rate had reached 65.2% , with the country boasting 21 super-sized and
mega cities. In connection to this, China currently holds a prominent position on the global stage with at least five major cities featu-
ring metro systems that rank among the world’s tops in terms of operation mileage and passenger volume. This surpasses the renown
of past benchmarks such as the New York City Subway and the Moscow Metro. Without a doubt, attaining the title of the " world’
s safest”" urban rail transit system is among the paramount goals of China’s ambitions to be a transportation power.

Urban rail transit trains operate within relatively confined spaces, with high speeds, large passenger volumes, and dense popu-
lations. In case of accidents, evacuation and rescue efforts become challenging due to these factors, leading to potential substantial
loss of life and property, as well as significant negative societal impacts. Therefore, urban rail transit safety has become a key focus
of government regulation and safety research in our country. It should be noted that adhering to the rule of law and relying on tech-
nological progress are fundamental pathways to ensuring safety.

Internationally, developed countries such as the United States, the United Kingdom, and European Union member states have
established legal safety regulatory systems in urban transportation construction and management through technological regulations,
specifications, and standards. For instance, the United States has issued the ’'State Safety Oversight of Rail Transit Systems-Final
Rule’, while the European Union has established a unified rail safety regulatory system among its member states through the 'Rail-
way Safety Directive’. The United Kingdom has enacted the 'Railways and Other Guided Transport Systems ( Safety) Regulations
2006'. As China currently lacks specific urban rail transit safety regulations, there are several aspects that can be referenced and con-
sidered from the safety regulations of developed countries in the field of rail transit;

1) Special Legislation for Urban Rail Transit Safety. China has only issued a mandatory national standard 'Project Code for En-
gineering of Urban Rail Transit’ ( GB 55033—2022) and policy documents timely released. Noticeably absent are legal elements
such as safety entities, safety responsibilities, regulatory bodies, operational norms, and notably, the essential component of regula-
tions-penalties. In an industry filled with intricate technical aspects, when emphasizing 'strengthening preventive measures’ and allo-
cating responsibilities, the unique technical safety characteristics of urban rail transit should be adequately reflected, and a solid basis
should be provided for efficient law enforcement.

2 ) Establishing a Dedicated Regulatory Body. Regulations issued by the US, Europe, and the UK have established or clarified
regulatory bodies. Regulatory bodies are responsible for ensuring that rail transit operation enterprises comply with safety regula-
tions, reviewing the adequacy of their safety systems, conducting periodic assessments, and urging continuous improvement in safe-
ty management. In China, enterprises only emphasize ‘'managing production means managing safety’, and the vague term 'manage-
ment’ blurs the distinction between regulatory bodies and operating enterprises.

3) Establishing a Safety Information Disclosure System. Legislation in countries such as the US, Europe, and the UK mandates
the public disclosure of rail transit safety information. Establishing and publishing safety information and statistical data is an effec-
tive way to reduce and adjust media concerns, alleviate public anxiety, and ensure the public’s right to be informed. In the current
era of information, public disclosure of safety information can provide abundant resources and extensive research prospects for safety
science and technology. Based on information, safety theories, and methods, the US, Europe, and the UK have established safety
indicators, safety goals, and safety methods in accordance with the law, effectively enhancing the safety level of urban rail transit.
Up to now, there hasn’t been a requirement for urban rail transit operation enterprises in China to disclose safety information. With
no knowledge of the actual safety status, safety research remains at a relatively low level of productivity. The establishment of a
safety information disclosure system for urban rail transit in China is a requirement of the times.

In adherence to the principles of people-oriented and life-oriented conduct, in accordance with the strategy of governing the
country by law, and to achieve long-term safety and security in urban rail transit, ensuring the safe travel of millions of passengers
daily, and building a strong transportation power, the urgency of accelerating the establishment of a new urban rail transit safety de-
ployment is self-evident, because safety forms the foundation for high-quality development, and the new development pattern must
be underpinned by a new safety paradigmatic framework to provide assurance.

(Translated by ZHANG Liman)
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