
Comparative Study on the Efficiency of Ventilation Joints 
in Gas-Rich Shield Tunnels 

Hailong Li, Qinghua Xiao *, Xiaofeng Xu  

Sinohydro Engineering Bureau 3 Co.,Ltd. Xi’an, China 

*xqhbp@swjtu.edu.cn

Abstract. In the construction of gas-rich tunnels, the design and performance of 

the ventilation system are critical to ensuring construction safety and operational 

efficiency. This study utilizes numerical simulation and comprehensive analysis 

to evaluate and compare the performance of straight joints and Y-joints, focusing 

on six key aspects: ventilation efficiency, system reliability, maintenance con-

venience, airflow stability, emergency response capability, and energy effi-

ciency. Simulation results indicate that under specific conditions, Y-joints offer 

higher ventilation efficiency and better airflow capacity, making them suitable 

for scenarios requiring enhanced ventilation. However, straight joints exhibit ad-

vantages in terms of structural simplicity, ease of installation and maintenance, 

more stable airflow patterns, faster emergency switching, and lower energy con-

sumption. The findings provide a scientific basis for selecting appropriate venti-

lation joint types in practical tunnel construction, supporting the optimization of 

ventilation system design and improving overall safety and cost-effectiveness. 
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1 Introduction 

Gas is a common underground hazard that can accumulate during tunnel construction, 
potentially leading to serious safety incidents such as explosions and fires. Especially 
in shield tunneling through gas-rich formations, gas leakage and accumulation pose 
significant threats to both personnel safety and equipment integrity. Therefore, the 
safety of gas-rich tunnel construction has always been a focal point in engineering re-
search and practical operations, attracting widespread attention in the fields of geotech-
nical engineering, construction safety, and disaster prevention and control [1–3]. 
Among the various safety measures, the ventilation system serves as a critical line of 
defense. It not only controls and dilutes harmful gas concentrations but also ensures the 
supply of fresh air to the working face, effectively reducing the risk of gas ignition or 
explosion, thereby playing a vital role in maintaining a safe and healthy underground 
working environment [4–5]. 

In practical engineering, the complexity of gas-rich tunnel environments presents 
significant challenges for ventilation system design and operation. On the one hand,  
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OOpen Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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