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INTRODUCTION 

•Tunnel design & construction is a complex subject which require expertise i.e. the experience and 
knowledge is used jointly with other domains such as: Geology, soil mechanics, rock mechanics, 
structures mechanics, reinforced concrete, steel structures, geodesy, organization and 
mechanization, etc.  

Types of Tunnels & Underground Structures based on Use  

•   Transportation tunnels (Highway, Railway, Expressways, Pedestrian, Metro, High Speed);  

•-  Hydro tunnels (Water, Sewage, Diversion);  

•- Utility tunnels (for electrical and telephone lines, gas, heating, etc.);  

•- Special Underground Structures (Defence, Nuclear, Aircraft hangars, Submarine shelters, 
Underground   warehouses and garages, underground industrial plants, etc.)  
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INTRODUCTION 

•Historically well established fact that underground engineering, is always associated with 
uncertainties, hazards, accidents and risks.  

 

•This caused the development and evolution of many methods and technologies in this area.  

 

•In present day tunnelling, the construction conditions for the tunnels are becoming more 
challenging, because due to land constraints, they are planned under densely populated cities, 
under rivers, lakes, seas and high mountains on deeper depths below the surface.  

•In addition, the tunnel lengths are also increasing. All of this generates bigger risks, so more care 
is required during planning, tender stage, detailed design stage and construction stage 
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INTRODUCTION 
The objectives of a tunnel construction (measurable performance parameters) are as follows:  
 
-Completion of the construction on time;  
-Completion of the construction within the budget; 
-Fulfilment of the technical requirements;  
-Ensuring safety during the construction; 
-Minimization of impact on operation of adjacent structures;  
-Minimization of damage to third party property;  
-Avoidance of negative reaction of media and public 
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What is Risk? 

One of the basic definitions for risk is “probability of something negative occuring, caused by an 
event or activity”. Many engineers desire to define risk as the combination of failure and the 
probability of failure. 

•Yogaranpan (1996) has divided Tunnelling risks into four types: 

1)Natural (Floods, Storms, Earthquakes, Pandemic etc.) 

2)External (Economic, Political, War etc.) 

3)Internal (Strategic, Weak planning, etc.) 

4)Geological Uncertainty: NATM, D&B, TBM Tunnels 

 
What is the main risk of tunnel boring machine? 

Fault fractured zones, soft fractured rock masses, water-bearing structures, water ingress, collapse, boulder falling, 

surrounding rock deformation, rockburst, and so forth are the main geological problems that affect the safety and 

efficiency of a TBM construction. 
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•As per Muir Wood (1994), the prime source of uncertainty in geotechnical engineering is geology.   
 
•Unidentified features of the ground may lead to unexpected behaviour and identified features may not be expressible in 
quantified terms or its behaviour is not fully known.   
 
•The complexity of the geology may cause communication problems between the parties (human factors). This statement 
has been confirmed by many case histories of tunnel collapses and claim situations published in literature.   
 
•The uncertainties can be divided based on their origin as the following: -  
 
•Geological scenario uncertainties for underground projects are related to limitations in ability to predict the scenarios in 
advance, future geological events, changes in engineered components with time and changes in the natural environment 
due to climate change; 
 
• - Model uncertainties may be related to the behaviour of the rock mass at tunnel scale, the rock-structure interaction or 
description of the fracture system and faulting; 
 

Risks/Hazards: Geology 
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•- Data uncertainties may be geometry related issues or connected to limitation in the scope of the tests as number of fault 
and fracture orientations, transmissivity of water-bearing structures and rock mass distribution and quality.  
 
•The nature of many underground projects implies that the level of confidence in the estimated ground conditions can be 
low based on the pre-investigation, especially in complex geological formations.  
 
•Usually the most unstable situation is directly after the excavation, and before the installation of the temporary (or 
permanent) support. In cases with weak rock, the geology and its properties are investigated, mapped and evaluated during 
tunnel excavation so the conditions of the next round can be predicted.  

Risks/Hazards: Geology 
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General and Specific Hazards 

•Contractual disputes 

•Insolvency & institutional issues 

•Client/authority interference 

•3rd party interference 

•Labour disputes 

•Accidents 

•Unforeseen adverse conditions 

•Inadequate designs/specifications 

•Failure of major machinery 

•Substandard works 

•One sided contracts 

•High risk type construction methods 

•Tight construction schedules 

•Low financial budgets 

•Aggressive bidding/competition 

 

Some of tunneling hazards to Humans? 

Hard physical labor can cause bodily injuries. Roof falls or cave-ins 

can cause head injuries, crush injuries, suffocation or death. Exposure 

to crystalline silica dust and cement dust can lead to respiratory, lung 

or skin problems 
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RISK MANAGEMENT 

•Risk Management is the systematic process of: 

 

 a) Identifying hazards and associated risks, through Risk Assessments, that impact on a project's outcome in terms of costs and 
programme, including those to third parties; 

 

 b) Quantifying risks including their programme and cost implications; 

 

 c) Identifying pro-active actions planned to eliminate or mitigate the risks;  

 

d) Identifying methods to be utilised for the control of risks;  

e) Allocating risks to the various parties to the Contract. 

 

 

 

 

The basic concept of risk managing is to accept risks that are reasonably small and define appropriate measures for 
the risks that are unwanted or unacceptable. In doing so, the risk of human injury and loss of life should be 

distinguished from the risk of economic loss.  
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RISK MANAGEMENT 

 

Risk Analysis:  

•A structured process which identifies both the probability and extent of negative consequences from a given activity 

•It includes identification of hazards and description of risks i.e. probability and consequences (Qualitative or quantitative) 

 

Risk Acceptance Criteria 

•Common sense : Aim at reducing risk once identified 

•The risk shall be below a certain value 

•Cost benefit type criteria/ALARP (As low as reasonably practicable) 

 

For economic losses of ordinary projects, the ALARP concept can be used. This implies that all risks should be 
reduced to level as low as reasonable practicable.  
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RISK MANAGEMENT 

 

 
Qualitative risk analysis: 
•The qualitative risk analysis aims at identifying the hazards threatening the project, to evaluate the consequent risks 
and to determine the strategy for risk treatment.  
 
•The QlRA serves as a basis for preparation of contracts, for management of the project and for allocation of 
responsibilities amongst the stakeholders or their employees and representatives. The hazards are identified and 
collected in the so-called risk registers.  
 
•The risk registers should cover all thinkable events and situations, which can threaten the project. 
 
• Therefore, experts from many different areas and with varying experiences should participate on the hazard 
identification.  
 
•To evaluate the risks, varying classification and rating systems describing the probability of occurrence of a hazard and 
expected consequences in verbal form are used. 

Based on evaluation of the risks, the strategies for their treatment and the responsibilities are determined. All information (causes and consequences of the 
hazards, risk classification, responsibilities and treatment strategies) is collected in the risk register, which should be actively used and updated in all phases of 
the project. 
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RISK MANAGEMENT 

 

 

Quantitative risk analysis: 
•The quantitative risk analysis aims to numerically evaluate the risk.  
 
•Compared to the QlRA, the QnRA requires a clearer structuration of the problem, detailed analysis of causes and consequences 
and description of the dependences amongst considered events or phenomena.  
 
•The QnRA provides valuable information for decisions-making under uncertainty such as for the selection of appropriate design or 
construction technology and it allows efficiently communicating the uncertainties with stakeholders.  
 
•Some of the methods and models for quantitative risk analysis during tunnel construction are:  
•Fault tree analysis,  
•Event tree analysis,  
•Bernoulli process,  
•Binomial distribution,  
•Poisson process,  
•Markov process,  
•Bayesian networks and dynamic Bayesian networks. 
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Risk Management Process 
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 Risk Management 

 

Reference: Dr. Erik Eberhardt 
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 Risk Management: ALARP CONCEPT 

 

Reference: Dr. Erik Eberhardt 

Hazard identification and the management of risk to 
ensure their reduction to a level 'as low as reasonably 
practicable' (ALARP) shall be integral considerations in 
the planning, design, procurement and construction of 
Tunnel Works. So far as it is reasonably practicable, risk 
should be reduced through appropriate design and 
construction procedures. 
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 Risk Management: Owner-Contractor Activity 

 

Reference: Dr. Erik Eberhardt 
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 Risk Management: Owner-Contractor Activity 

 

Reference: Dr. Erik Eberhardt 
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 Risk Management: Process 

 

Reference: Dr. Erik Eberhardt 
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Example of consequences (left – consequences due to injury to third 
parties, right – consequences due to economic loss) (Eskesen D. S. et al., 
2004). 

Risk Management: Hazard Assessment 

Reference: Dr. Erik Eberhardt 
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Risk Management: Hazard Assessment 

Reference: Dr. Erik Eberhardt 
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Example of geological factors related to risks during rock excavation (Stille H. E., 2017). 
Risk Management: Hazard Assessment 
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Risk Management: Consequences 

Reference: Dr. Erik Eberhardt 
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Risk Management: Risk Matrix 

Reference: Dr. Erik Eberhardt 
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Risk Management: Risk Matrix 

Reference: Dr. Erik Eberhardt 
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Risk Management: Risk Reduction 

Reference: Dr. Erik Eberhardt 
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Risk Registers  
 
•The processes of Risk Assessment and the subsequent preparation of Risk Registers are required to identify and clarify 
ownership of risks and shall detail clearly and concisely how the risks are to be allocated, controlled, mitigated and 
managed.  
 
•The systems used to track risks shall enable the management and mitigation of risks through contingency measures and 
controls to be monitored through all stages of a project.  
 
•Risk Registers shall be 'live' documents that are continually reviewed and revised as appropriate and available for 
scrutiny at any time. They shall provide an auditable trail through the life of a project to demonstrate compliance with 
the Code.  
 
•They shall identify hazards, consequent risks, mitigation and contingency measures, proposed actions, responsibilities, 
critical dates for completion of actions and when required actions have been closed out.  

Risk Management: Risk Register 
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RISK MANAGEMENT STRATEGIES 

 

 

• Contracts need risk sharing mechanisms 
 
• Force Majeure and risk due to Natural and External reasons shall be duly included in contracts like material cost escalations, 

idling charges and other escalations due to time delay and increase in cost of fuels, basic materials etc. 
 
• Assess to geological investigation data and more interpretation shall be included in geological base line report of client with 

realistic assessment of parameters. The GBR and field conditions shall be linked and quantified in contract terms 
 
•   The realistic risks register shall be part of contract documents in as detail as possible 
 
• Aggressive bidding practices to be discouraged by client  

 
• The qualification criteria shall be strict both in terms of cost and quality parameters and capability of bidders 

 
• The L1 bidding process shall be reviewed. 

 
• The bidding time shall not be too short 
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Thanks for Kind Attention 

                 uvglobaldesign@gmail.com 
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