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Abstract

The construction and operation of metro projects in urban areas present significant challenges related to Safety,
Health, and Environmental (SHE) Management. This research evaluates SHE practices in Indian metro projects,
illustrating how comprehensive planning, meticulous data collection, and robust risk assessment contribute to
improved outcomes. Systematic risk assessments using HAZOP and FMEA identified potential hazards during
the design stage. The construction stage implemented site-specific SHE plans, including safety drills, air quality
monitoring, and advanced tunnelling techniques like Tunnel Boring Machines (TBMs) to minimize disruption.
Data collection involved on-site inspections, worker interviews, and real-time monitoring supported by project
documents. Both qualitative and quantitative methods were used to prioritize risks and develop control measures.
Continuous improvement and stakeholder engagement were emphasized through regular audits, feedback
mechanisms, and performance metrics. This research provides valuable insights into effective SHE management
strategies, highlighting the importance of systematic planning, rigorous data analysis, and continuous
improvement in achieving safe, healthy, and environmentally sustainable metro projects.
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1. Introduction

The rapid urbanization and population growth in India have necessitated the development of efficient and
sustainable urban transportation systems, with metro projects playing a crucial role. While these projects offer
significant benefits in reducing traffic congestion and pollution, they also pose substantial challenges related to
Safety, Health, and Environmental (SHE) management. This paper explores these challenges and evaluates the
effectiveness of SHE management practices in Indian metro projects.[1], [2], [3]

Metro projects in cities like Delhi and Mumbai serve as valuable case studies for examining the intricacies of SHE
management in large-scale urban transportation projects. Proactive risk assessment and mitigation during the
design stage are essential, using tools like Hazard and Operability Study (HAZOP) and Failure Mode and Effects
Analysis (FMEA).[4], [5] During the construction stage, the implementation of site-specific SHE management
plans, such as advanced tunneling techniques and regular safety drills, minimizes risks.[4]

Data collection and analysis are the foundation of effective SHE management. Primary data sources include on-
site inspections, worker interviews, and real-time monitoring systems, while secondary sources include project
documents and environmental reports. This analysis employs both qualitative and quantitative methods to
prioritize risks and develop targeted control measures. The importance of continuous improvement and
stakeholder engagement in SHE management is underscored through regular audits, feedback mechanisms, and
performance metrics.
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2. Literature Review

The Environmental Impact Assessment Study for the Najafgarh-Dhansa Bus Stand Corridor of Delhi Metro,
conducted in December 2017, revealed that careful planning and stakeholder engagement are crucial in mitigating
environmental impacts. For instance, noise pollution was managed by implementing sound barriers and
scheduling construction activities during less disruptive hours.[6], [7], [8]

The Mumbai Metro Line 3 project, running through densely populated areas, implemented extensive noise and
vibration monitoring and employed advanced Tunnel Boring Machines (TBMs) to minimize surface disruption.
Both projects highlight the need for tailored SHE plans specific to the urban context in which metro projects
operate.[9]

Key materials, such as physical, ecological, and environmental baseline data, are documented in SHE management
studies. This data informs decisions throughout the project cycle, from pre-construction to operation phases,
ensuring a balance between technical feasibility and environmental sustainability.

3. Need Of The Study

The fast growth of metro infrastructure in India shows vulnerability related to safety, health and Environment
management.[10] So, it is very important to identify and manage risk elements, prevent accidents and reduce
environmental damage.

The study is necessary to address the following:

1. Increasing Complexity and Scale: Metro projects often involve large-scale construction, underground
work,[7] and heavy machinery, which introduce numerous safety and health hazards. Identifying key risk factors
can help in developing robust safety protocols.[11]

2. Regulatory Compliance and Best Practices: Urban infrastructure projects must meet stringent regulatory
standards. A thorough analysis of SHE risks will help ensure compliance and adopt best practices that align with
national and international safety guidelines.[11]

3. Minimizing Environmental Impact: Metro infrastructure projects can significantly affect the
environment, including soil degradation, water contamination, and air pollution. The study will help identify and
mitigate environmental risks, promoting sustainable development.

4, Worker and Public Safety: Construction workers are often exposed to hazardous conditions, and without
effective risk identification, the likelihood of accidents increases. Identifying SHE risks will improve preventive
measures, reducing fatalities and injuries on-site.[1], [12]

5. Sustainable Urban Development: As cities grow, sustainable urban development becomes essential.
Integrating safety, health, and environmental management into metro projects is key to creating resilient
infrastructure that balances growth with environmental and public welfare

4. Safety Risk Elements In Metro Infrastructure Projects

Safety is one of the most significant concerns in metro construction projects. The complexity of these projects—
often involving underground tunnelling, heavy machinery, and hazardous materials—creates numerous
opportunities for accidents.[13], [14]

Safety Risk Elements in Metro Infrastructure Projects

. Construction-Related Hazards
. Equipment-Related Risks
. Human Factors[7]

Health Risk Elements in Metro Projects
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o Exposure to Hazardous Materials
. Noise and Vibration Hazards
. Occupational Stress[10], [15]

Environmental Risk Elements in Metro Infrastructure Projects

. Soil and Water Contamination
. Air Pollution
. Waste Management Challenges

Challenges /Limitations

Identifying and mitigating risks in metro projects involves several challenges:

1. Resistance from Stakeholders: Stakeholders may prioritize short-term profits over long-term
sustainability.
2. External Threats: Risks from external environmental factors are unpredictable and difficult to

mitigate.[4], [16]

3. Engaging Stakeholders: It can be challenging to engage stakeholders and instil responsibility for the
environment and workforce.

4, Incomplete Data: Insufficient data can complicate risk management efforts.[3], [10]

5. Uncertainty and Complexity: These are inherent limitations in predicting all possible risk scenarios.
6. Behavioural Biases: Human behaviour may introduce biases, affecting risk management outcomes.
5. Potential Solutions/Future Directions

Effective management of SHE-related risks in metro projects can be achieved through the following solutions:

1. Safety Training & PPE Enforcement: Regular safety training and strict adherence to Personal
Protective Equipment (PPE) policies can reduce accidents.

2. Hazard ldentification & Site Protocols: Detailed hazard identification and the implementation of
safety protocols can mitigate risks related to confined spaces, working at heights, and fire hazards.[17], [18], [19],
[20]

3. Monitoring Air Quality & Noise Control: Utilizing dust suppression systems, noise barriers, and real-
time monitoring ensures that air and noise pollution are kept in check.

4. Stakeholder Engagement: Proactively involving stakeholders through transparent communication and
regular updates fosters accountability and minimizes resistance.

5. Regulatory Compliance: Regular audits and early engagement with regulatory bodies ensure projects
meet SHE standards.
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6. Technological Advancements: Using advanced technologies like TBMs and automation for real-time
monitoring improves SHE outcomes.

7. Emergency Preparedness: Robust emergency response plans and natural disaster preparedness
measures enhance safety and risk mitigation

6. Conclusion

Risk management enhances an organization’s ability to identify risks and establish appropriate responses. The
Delhi Metro project demonstrated the significant benefits of proactive risk management, achieving a 30%
reduction in workplace incidents and substantial financial savings. The Mumbai Metro project emphasized the
need for tailored risk management approaches, particularly for urban congestion and environmental
challenges.[2], [15]

Effective risk management in SHE contributes to several advantages: enhancing safety, protecting worker health,
promoting environmental sustainability, ensuring regulatory compliance, and building stakeholder trust. By
integrating systematic risk management practices, metro projects can achieve safe, healthy, and environmentally
sustainable outcomes.

The practical outcomes of these projects emphasize several key advantages of assessing risk factors related
to Safety, Health, and Environmental (SHE) management:

1. Enhancing Safety: Effective Proactive risk management helps identify potential hazards early, reducing
the likelihood of incidents and improving overall safety on construction sites.

2. Health Protection: Effective SHE practices safeguard the health of workers by minimizing exposure to
harmful conditions and ensuring a healthy work environment.

3. Environmental Sustainability: By managing environmental risks, projects contribute to sustainability
goals, reducing negative impacts on the environment.

4. Regulatory Compliance: Adhering to risk management protocols ensures compliance with legal and
regulatory requirements, avoiding potential penalties and legal issues.

5. Reputation Management: Demonstrating a commitment to effective SHE management enhances an
organization's reputation, building trust among stakeholders and the public.

Advantages of Assessing Risk Factors Related to SHE Management:

1. Proactive Hazard ldentification: Early identification and mitigation of hazards prevent incidents and
enhance overall safety.

2. Cost Savings: Effective risk management reduces costs associated with accidents, delays, and regulatory
fines.
3. Improved Worker Morale and Productivity: A safe and healthy work environment boosts worker

satisfaction and productivity.

4. Compliance with Legal Requirements: Ensures adherence to safety and environmental regulations,
reducing the risk of non-compliance.[18], [19]

5. Enhanced Stakeholder Confidence: Demonstrates a commitment to safety and environmental
responsibility, building confidence among stakeholders.

6. Environmental Protection: Minimizes environmental impact through careful management of risks and
adherence to sustainability practices.

7. Efficient Resource Utilization: Optimizes the use of resources by preventing waste and improving
operational efficiency.
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8.

Continuous Improvement: Promotes ongoing enhancement of SHE practices through regular audits,

feedback, and performance metrics.

9.

Crisis Preparedness: Ensures readiness for potential emergencies through comprehensive risk

management and response plans.

Overall, these advantages underscore the importance of integrating systematic risk management practices into
metro projects to achieve their goals and ensure safe, healthy, and environmentally sustainable outcomes.

Reference

(1]

(2]

(3]

(4]

(3]

(6]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

J. Liu et al., “Integrated Fuzzy DEMATEL-ISM-NK for Metro Operation Safety Risk Factor Analysis and
Multi-Factor Risk Coupling Study,” Sustainability (Switzerland), vol. 15, no. 7, Apr. 2023, doi:
10.3390/sul5075898.

N. Koohathongsumrit and W. Meethom, “Risk analysis in underground tunnel construction with tunnel
boring machines using the Best—Worst method and data envelopment analysis,” Heliyon, vol. 10, no. 1,
Jan. 2024, doi: 10.1016/j.heliyon.2023.¢23486.

A. Matveeva, “Risk Management to Ensure Environmental Safety at Enterprises,” Natural Systems and
Resources, no. 3, pp. 51-58, Dec. 2018, doi: 10.15688/nsr.jvolsu.2018.3.6.

“Environmental Impact Assessment (EIA) of Metro Bhawan Barakhamba Lane, Connaught Place New
Del hi Transportation Plannlng and Environment Division,” 2007.

“Environmental Impact Assessment India: Bengaluru Metro Rail Project Phase 2A (Outer Road Ring
Metro Line),” 2020.

N. Koohathongsumrit and W. Meethom, “Risk analysis in underground tunnel construction with tunnel
boring machines using the Best—Worst method and data envelopment analysis,” Heliyon, vol. 10, no. 1,
Jan. 2024, doi: 10.1016/j.heliyon.2023.¢23486.

J. Liu et al., “Integrated Fuzzy DEMATEL-ISM-NK for Metro Operation Safety Risk Factor Analysis and
Multi-Factor Risk Coupling Study,” Sustainability (Switzerland), vol. 15, no. 7, Apr. 2023, doi:
10.3390/5u15075898.

A. Development Bank, “Mumbai Metro Rail Systems Project (RRP IND 49469).”

Y. Hao, H. Qi, S. Liu, V. Nian, and Z. Zhang, “Study of Noise and Vibration Impacts to Buildings Due to
Urban Rail Transit and Mitigation Measures,” Sustainability (Switzerland), vol. 14, no. 5, Mar. 2022, doi:
10.3390/su14053119.

M. Li and J. Wang, “Intelligent Recognition of Safety Risk in Metro Engineering Construction Based on
BP Neural Network,” Math Probl Eng, vol. 2021, 2021, doi: 10.1155/2021/5587027.

N. Xu, B. Zhang, T. Gu, J. Li, and L. Wang, “Expanding Domain Knowledge Elements for Metro
Construction Safety Risk Management Using a Co-Occurrence-Based Pathfinding Approach,” Buildings,
vol. 12, no. 10, Oct. 2022, doi: 10.3390/buildings12101510.

P. Liu, Y. Shang, and L. Zhang, “A Design for Safety (DFS) Framework for Automated Inspection Risks
in Metro Stations by Integrating a Knowledge Base and Building Information Modeling,” Int J Environ
Res Public Health, vol. 20, no. 6, Mar. 2023, doi: 10.3390/ijerph20064765.

F. S. Namin, H. Ghafari, and A. Dianati, “New Model for Environmental Impact Assessment of Tunneling
Projects,” J Environ Prot (Irvine, Calif), vol. 05, no. 06, pp. 530-550, 2014, doi: 10.4236/jep.2014.56056.

Y. Hao, H. Qi, S. Liu, V. Nian, and Z. Zhang, “Study of Noise and Vibration Impacts to Buildings Due to
Urban Rail Transit and Mitigation Measures,” Sustainability, vol. 14, no. 5, p. 3119, Mar. 2022, doi:
10.3390/su14053119.

700



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 45 No. 4 (2024)

[15]

[16]

[17]

(18]

[19]

[20]

“Liu, R., Meng, Q., & Xue, Y. (2019). Integration of BIM and IoT for risk management in metro
infrastructure construction. Automation in Construction, 107, 102933,

Y. Lu and Y. Zhang, “Toward a Stakeholder Perspective on Safety Risk Factors of Metro Construction: A
Social Network Analysis,” Complexity, vol. 2020, 2020, doi: 10.1155/2020/8884304.

“Liu, R., Meng, Q., & Xue, Y. (2019). Integration of BIM and IoT for risk management in metro
infrastructure construction. Automation in Construction, 107, 102933,

R. Sulistiowati, S. Handoyo, E. Mulyandari, and N. Hamzah, “Innovative Strategies and Technologies in
Waste Management in the Modern Era Integration of Sustainable Principles, Resource Efficiency, and
Environmental Impact,” 2023. [Online]. Available: http://ijsoc.goacademica.com

Y. Wang, H. Zheng, and X. Lu, “Dynamic Risk Analysis in Metro Construction Using Statistical Process
Control,” Math Probl Eng, vol. 2020, 2020, doi: 10.1155/2020/4053042.

Y. Guo, J. Zheng, R. Zhang, and Y. Yang, “An evidence-based risk decision support approach for metro
tunnel construction,” Journal of Civil Engineering and Management, vol. 28, no. 5, pp. 377-396, May
2022, doi: 10.3846/jcem.2022.16807.

701



