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Abstract 
This paper is concerned with the current tunnel practices in Ethiopia, the 
main challenges and risks which were associated with tunneling, risk assess-
ment and controlling measures. In this paper the qualitative risk analysis is 
performed based on the surveyed data from the tunnel experts and other 
professionals participated on the tunneling work. The qualitative risk analysis 
has been conducted as an input for the risk matrix analysis method. The qua-
litative analysis incorporates risk identification, risk classification, risk rank-
ing, risk responding and risk monitoring mechanism. So, based on the qualit-
ative analysis made and the result, those risks which occurred in the tunne-
ling phase are ranked and controlling mechanism is developed. Accordingly, 
a guideline of risk management for tunneling work has been developed by 
referring different standards and based on the current tunnel practices in 
Ethiopia. The study helps to easily understand the most risks which are asso-
ciated with tunneling and the risk controlling mechanism. This gives guid-
ance to those who will be participated in the tunnel project for tunneling risk 
management throughout the entire project implementation. 
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1. Introduction 

The Ethiopian government has been undertaking several transportation projects 
which aim to enhance the transportation network within the country by con-
necting to adjacent country and ports. These transport projects involve tunne-
ling works due to the terrain of the country. Projects which incorporate tunne-
ling construction are complex in nature, and encompass various types of risk 
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throughout the project life cycle [1].  
In Ethiopia, projects involving tunneling work are introduced but there is no 

well-organized risk management guideline in order to manage the risks. This 
makes difficult to easily understand risks during the tunnel construction. There-
fore, the study attempts to develop a guideline that aims to overcome this prob-
lem and to give an insight for further study. 

So, developing a guideline for risk management is a basic tool for planning 
and controlling tunneling projects risk. Risks can affect all parties involved as 
well as those not directly participated in the tunneling project. Risks can occur 
due to the inherent uncertainties of the ground and groundwater conditions. 
Because the risks that happen there might be a significant cost overrun and delay 
as well as environmental risks. Risks can be handled in different methods direct-
ly or indirectly using engineering skills, but at this time improving systematic 
and well-organized risk management techniques are important [1]. The impor-
tance of risk management is from the early stages of a project, where major deci-
sions such as choice of alignment and selection of construction methods can be 
influenced. The majority of past research on tunneling risk management had 
focused on risk identification and risk analysis [1] [2] [3]. Few research projects 
have studied risk response in tunnel construction [4]. 

The study carried out qualitative risk analysis for the risks occurring during 
tunneling and based on the analysis risks which are identified, ranked and con-
trol measures are developed as shown in Figure 1. These controlling measures 
are studied for all tunneling phases and this can be used as a guideline for future 
tunneling work. 

The structure of this paper is organized into 6 sections. Section 1 is about the 
introduction part, and Section 2 discusses the literature review related to current 
tunnel practices in Ethiopia including the risk management from other researches 
perspectives. Section 3 describes the Methodology used to analysis the data and 
the analysis results are discussed in Section 4. In Section 5 describes the devel-
oped guideline for risk management in tunneling. Finally, Section 6 summarized 
the conclusion and recommendation part. 

2. Tunnel Practices and Risk Management in Ethiopia 

In Ethiopia, modern tunnel construction has been recently used in hydropower 
projects, road projects, and railway projects. Tunnels are recent practices for 
Ethiopia. This is because it asks advanced technology and big capital. The AKH 
railway tunnels are constructed by Conventional Excavation Method [5] as shown 
in Figure 2 and Hydro Power Tunnels by Tunnel boring Machine (TBM) [6] 
and using mechanical excavation.  

Thus, tunneling projects are constructed and under construction in Ethiopia, 
but there is no well-organized risk management guideline to control the risks 
from happening. To manage the risks firstly it is important to understand the 
risk types associated with tunneling works, and secondly the cause of the risks by 
referring to the past historical data. 
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Figure 1. Summary of tunneling risk controlling measures. 

 

 
Figure 2. Working flow of tunnel excavation and supporting operations. 

2.1. The Common Tunnel Failures and Remedial Measures Taken 

Tunnel failure is an unanticipated disastrous consequence of an event that badly 
affects the physical safety of the underground structure. The most frequently 
reported tunnel construction failures are cave-in collapses, tunnel flooding, por-
tal instability or excessive deformation of the tunnel tube, and the overburden 
[7] [8]. The main Causes for tunnel failure are: 
 Uncertainty of the ground condition or presence of weak geological forma-

tion; 
 Earthquake when the tunnel not deep and at high earthquake zones; 
 Inappropriate explosive material storage and usage; 
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 Pumping action of water; 
 Excavation method applied; 
 Type of equipment and experience of working; 
 Applied tunnel supporting type;  
 Human errors/lack of skills; 
 Several unwanted external events/factors.  

The main failures faced during tunnel construction in Ethiopia include; face 
collapse, construction failure, TBM damaging, rock and shotcrete falling, see-
page problem and Noise and dust pollution [7] [9].  

The possible cause for the failure was due to the choice of construction me-
thod, lack of monitoring, the existence of weak geological formation, stress in-
creased due to the additional excavation, drainage problem and delay in the in-
stallation of tunnel support which was the similar reason as different studies in-
dicated [9] [10]. 

The mitigation measures taken after the failures include; the falling mass was 
mucked out, support was provided, changing the tunnel alignment, TBM was 
dismantled and maintained, drainage holes provided and providing safety bar-
riers. The risk or failures causes death, injury to workers, damage to working 
machines, delay to the project completion time, financial loses, unsafe working 
condition and generally has an impact on the project goals [7] [9]. 

Risk Categories during Tunnel Phases 
Tunneling risk can be described as exposure to the possibility of favorable or 
unfavorable effects on the tunneling project’s goal such as construction cost, time, 
or quality as a consequence of a possible or an unforeseen incident. 

The most common risks associated with tunnel construction which are men-
tioned in Table 1 include; design risk, construction risk, project management 
risk, external risk, right of way risk, environmental risk, and organizational risks. 
The importance of classifying the risk types into correspondence categories is to 
clearly understand the risk factors and to easily manage them. 

2.2. Risk Management for Tunnel Construction 

Risk management in the tunnel construction project is a comprehensive and 
systematic way of identifying, analyzing and responding to risks to achieve the 
project objectives [11] Figure 3. Risk management also involves; processes, tools, 
and techniques that will help the tunnel expertise to minimize the probability 
and consequences of adverse events to the overall project objectives of cost, time, 
scope and quality. 

To analyze risks there are different tools such as qualitative, semi-quantitative, 
or quantitative methods. It is very necessary to revise the risk analysis during the 
project life cycle. When the team repeats risk analysis for individual risks, trends 
may be developed. These good trends lead to understanding whether the devel-
oped risk mitigation plan is working or not. 
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Figure 3. Iterative risk analysis procedures. 
 
Table 1. Risk breakdown structure in tunnel construction. 

1) Design 
Related Risks 

D1) Design errors and omissions 
D2) Design process takes longer than anticipated 
D3) Stakeholders request late changes 
D4) Failure to carry out the works based on the contract 

2) Construction 
Related Risks 

C1) Cave-ins or excavation collapses 
C2) Construction equipment failures 
C3) Falling of excavated material 
C4) Changing conditions – strata and stress field 
fluctuations 
C5) Tunnel instability – rock or earth falls and rock bursts 
C6) High noise levels and vibration and dust 
C7) Excessive seepage and ground water inflow 
C8) Fire or explosion problem 

3) Project 
Management 
Risks 

M1) Failure to comply with contractual quality Requirements 
M2) contractor delays, 
M3) Scheduling errors 
M4) Project team conflicts 

4) Environmental 
Related Risks 

En1) Environmental analysis incomplete 
En2) Air contamination or oxygen depletion 
En3) Incomplete environmental analysis 

5) Right of 
way Risks 

R1) Improper & delay in resettlement of the land owners 
R2) Conflict with the land owners 

6) Organization 
Related Risk 

O1) Inexperienced workforce and staff turnover 
O2) Delayed deliveries 
O3) Lack of protection on a construction site 

7) External 
Factors Risks 

Ex1) New stakeholders emerge and request changes 
Ex2) Public objections/challenges 
Ex3) Laws and local standards change 
Ex4) Tax change 
Ex5) Construction cost increasing 
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According to Veerasak Likhitruangsilp research [1] an alternative risk-response 
measure for each risk type employed by tunneling contractors was selected, in-
cluding risk-retention, risk-reduction, risk-transfer, risk-avoidance, and contin-
gency allowance. 

These risk response criteria were also applied by the tunneling contractor in 
Ethiopia. This is presented in the next sub section part 4.1.3. 

The Awash-Kombolcha-Haragebeya railway project contractor (Yapi Merke-
zi) had a risk controlling mechanism during the construction phase. This inter-
national company Yapi Merkezi accomplished successfully the construction of 
the 11 tunnels because of the effective risk management system applied. 

3. Methodology 

This study gathered the data and information by using Questioner survey, inter-
view and by reviewing research papers related to the study. 

The qualitative risk analysis method was applied to this case and the analysis 
is performed based on the collected data by surveying method which is 82% of 
the distributed questioner were returned. The detailed discussion of the analysis 
is described in the next Section 4. 

4. Discussion on the Qualitative Risk Analysis Results 

In this paper presents qualitative risk analysis result and the applied risk-response 
criteria by tunneling contractors in Ethiopia. The qualitative risk analysis tech-
nique is applied in order to identify, categorize and ranking these risks occurred 
during the tunneling projects in Ethiopia. The input data was calculated by tak-
ing the average of the likelihood and impact value filled by the respondents. 
Based on these values and using the analysis procedure Risk matrix is developed 
as shown in Table 2. The risk response measures applied in the tunneling in 
Ethiopia were also described on the next subsection. 

4.1. Qualitative Risk Analysis Procedures 

Tunnel experts can easily understand the type risks in their respective field of  
 
Table 2. Probability X impact risk matrix. 

Likelihood 
[1 (rare) - 5 

(frequently)] 

Impact [1 (very low) - 5 (very high)] 

1 2 3 4 5 

5      

4   C6   

3  D2 M3 O1, C2, C4, C7, Ex5  

2   
O2, M2, M4, En1, 

En3, C3, R1 
En1, M1, C5, C8, 

D1, D4, Ex2 
C1, O3 

1   D3, Ex3, R2, En2 Ex4  
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tunnel construction and share the assessments with their colleagues. At the same 
tunnel project, the criteria and naming used for levels of probability and impact 
are always the same. 

The qualitative risk analysis is performed by applying the following steps [12] 
[13] [14] as shown in Figure 4. 

4.1.1. Risk Classification (Risk Breakdown Structure) 
Risk breakdown structure plays an important role in the risk management due to 
the high number and variety of risks that affects the tunneling projects [15]. So, 
in this study the risks are breakdown into seven main categories and each group 
has divided as shown in Table 1. The probability and impact of the classified 
risks are described in quantitatively terms as very high, High, Medium and Low. 
The levels of probability and impact are assessed by questioner survey. The par-
ticipants include tunneling experts and project team members.  

4.1.2. Developing Probability X Impact Matrix 
According the tunnel association group [16], a probability x impact matrix is 
developed that assigns a risk rating (low, moderate or high) to risks based on 
combining probability and impact scales of a risk on a project objective. The risk 
value is calculated by the equation, RL = P * I. The risk matrix developed in Ta-
ble 2. is based on the experts’ point of view and as the result indicates that most 
of the risks associated during construction of the tunnel are categorized into 
high risk level while most of the risks are assigned in the medium level and other 
external risks are grouped the low risk level. Therefore, the high risk level must 
be reduced to an acceptable level or different risk mitigation measures must be 
developed. The mitigation measures are summarized in next Section 5. 

The result of the qualitative risk analysis is also presented by chart as shown 
below in Figure 5. 

4.1.3. Risk Treatment Criteria 
The risk matrix presented above Table 2 & Figure 5 is intended as a basis for 
decision on acceptability for each hazard identified and by controlling the mag-
nitude of the individual risk from the individual hazard, the total risk involved 
in the tunneling work will be managed [4]. The risk will be treated based on its 
ranked risk level, and the recommended risk treatment criteria are described in 
Table 3 below. According the surveying data collected, most of the tunneling  
 

 

Figure 4. Qualitative risk analysis procedure. 
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Figure 5. Qualitative risk analysis result. 
 
Table 3. Risk treatment criteria. 

Risk level Treatment (Response Method) 

V. high Risk (Value > 15), Brown Colored Avoid the risks (Risk avoidance) 

High Risk (10 < Value < 15), Red Colored 
Reduce to the acceptable region 

(Risk reduction) 

Medium (5 < Value < 10), Yellow Colored 
Residual risk is tolerable if reduction 

is impossible or (Risk transfer) 

Low Risk (Value < 5), Green Colored 
Tolerable risk, Risk reduction 

may not needed (Risk retention) 

 
experts in Ethiopia selected; the risk reduction, risk retention, risk transfer and 
risk avoidance from their experience.  

5. Adopted Guideline for Tunneling Risk Management 

The guideline shows how risk management can be utilized throughout the tun-
nel phases implementation. Identification of risks resulting from the design and 
construction is an essential task early in the project [16]. It is very necessary to 
understand and allocate the responsibility and obligation of the parties involved 
in the tunnel construction. This is helpful to prepare and manage the risks that 
occurred during the tunneling phases. The responsibility of these stakeholders 
(owner, designers and contractors) is summarized as shown in Figure 6 below. 
In phase 1, the responsibility of establishing risk policy and caring out risk as-
sessment is the owner’s alone. In phase 2, the contractor has certain input to the 
tendering regarding the risk management, but still the owner the primary re-
sponsible party. In phase 3, the contractor has the primary responsibility to es-
tablish and carryout risk management system. In phase 4, during commissioning 
time, the contractor has more responsibility and during the operation phase, the 
owner is the responsible party. It is important to note that the effective and  
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Figure 6. Risk management activity flow chart for owner and contractor. 
 
successful risk management depends on the quality of the identified risk miti-
gating actions, experience and stake holders (Owner, designer, Contractor) co-
operation. Risk management can’t be achieved by system enforcement alone, but 
can be enhanced by the meeting and seminars [16]. 

In the early design stage and tendering phase, certain risks can be transferred 
either through contractually and insurance, others may be retained and some 
risks can be mitigated, but at the construction phase it is difficult to transfer the 
risks. So, it is necessary to minimize the risks during early phase of the tunnel 
project [15] [16]. 

5.1. Adopted Controlling Measures during Tunneling Phases 

Based on the current tunnel practices in Ethiopia [6] [7] [9] and other researches 
[16] [17], this study attempts to generalize the mitigation techniques starting the 
early design phase, construction, and operation time. So, the most preferred and 
applied techniques to manage the risks which associated with tunnel construc-
tion phases are summarized in Figure 1. 

5.2. Adopted Guideline for the Tunneling Construction 

Different authors are studied the evaluation of the tunneling excavation method 
and tried to compare both the Conventional Excavation Method (CEM), and 
Tunnel Boring Machine (TBM) by their applicability, importance and challenges 
[18]. By learning from the lessons of current tunnel practices in Ethiopia [6] [7] 
[9] a guideline is developed. Therefore, to mitigate risks associated with tunne-
ling; selecting an appropriate construction technique and excavation equipment 
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depending on the ground investigation and tunnel type is very necessary. This 
adopted guideline is then indicated which type of technique is acceptable to ap-
ply or to avoid it depending on different factors. The selected factors, in this case 
are length, diameter, and ground condition of the tunnel Tables 4-6. 

Notes: 
 This guidance should be used with conjunction to the chapter five 
 This guidance is developed based on reviewing related studies and current 

tunneling in Ethiopia 
 All manual excavation is categorized as “not acceptable” or “avoid” that is 

due to the unforeseeable underground risks, unsafe access and inadequate 
working space etc. 

 The designer should compile the three table while using in order to minimize 
the risks during tunneling 

Definitions: 
 Acceptable–designers should undertake an assessment on the excavation 

technique and on the associated risk and specify the appropriate mitigation 
measures 

 Avoid–designers should undertake risk assessment to justify their decision 
from acceptable criteria. Contractors being asked to construct using this cat-
egory should also seek advice from the planning supervisor/coordinator on 
the adequacy of their risk mitigation measures. 

 
Table 4. Tunnel excavation techniques vs its length. 

Excavation Technique L (km) <0.3 km 0.5 km 1.0 km >1.5 km 

Manual Excavation Acceptable Avoid Not acceptable 

Plant/Mechanical Acceptable Avoid 

TBM Machine Avoid Acceptable 

Drill & Blast Avoid Acceptable 

 
Table 5. Tunnel excavation techniques vs the ground condition. 

Excavation Technique Soft ground Varity ground Hard rock 

Manual Excavation Avoid Not acceptable 

Plant/Mechanical Acceptable Avoid 

TBM Machine Acceptable Avoid 

Drill & Blast Avoid Acceptable 

 
Table 6. Tunnel excavation techniques vs its diameter. 

Excavation Technique D (m) <1.5 m 3 m 7 m >9 m 

Manual Excavation Avoid Not acceptable 

Plant/Mechanical Acceptable Avoid 

TBM Machine Not acceptable acceptable Not acceptable 

Drill & Blast Avoid Acceptable 
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 Not acceptable-the designer should specify another alternative tunneling 
technique 

6. Conclusion 

As the qualitative risk analysis result, and other research papers [1] [7] [16] in-
dicate that most challenges and tunneling risks are occurring during excavation 
phase, this is because of the uncertainty of the ground and fluctuation of the 
stress and deformation of the ground condition. Therefore, selecting the appro-
priate excavation method, technology and continuous monitoring is the best risk 
controlling measures. As we see from Figure 2, the tunnel construction practice 
in Ethiopia, the railway tunnels are constructed by mechanical & Drill & Blast 
method which is the accurate technique to control the weak zones during exca-
vating the surface [6]. So, in these railway tunnels, due to the applying of the ap-
propriate construction method and well organized risk controlling mechanisms 
used there was no potential risk occurred. Those Hydropower tunnels (Gilgel 
Gibe 2, 3 and Tana Beles) which were constructed by the TBM machine had 
faced tunnel collapse, injuries and loss of life as well because of the inaccurate 
standup time calculation, presence of weak geological formation and the applied 
construction method [7] [9]. 

So, this study indicates that to manage the risk of tunnel construction effec-
tively and efficiently, the contractor should have a guideline for risk manage-
ment of tunnel construction.  

As this study shows that having well organized safety departments like that of 
Awash-Kombolcha-Haragebeya railway project, risks are reduced as the re-
quired level. The Yapi Merkezi Contractor had clearly registered risk assessment 
plan and management policies, which helped them to control risks from occur-
ring [6]. 

Finally, based on the performed qualitative risk analysis, risks are identified 
and a risk matrix is developed for the Awash-Kombolcha-Haragebeya railway 
tunnels. 

Based on the level of risk, risk response is a key component of risk management 
in tunnel construction, which involves choosing the appropriate control measures 
to eliminate or reduce the chance of occurring or consequence of the risk. 

It was found that the most commonly selected and used risk-response meas-
ures were risk-reduction, risk-retention, risk-transfer, and risk-avoidance. This 
order was almost similar to the study made by Veerasak [1] in Tunneling project 
in Thailand. So, these risk responding techniques are important to apply during 
the tunneling duration.  

In general, a simplified guideline is developed by comparing with similar re-
lated research papers and other different country’s guidelines [10] [15] [16], and 
this research will help to easily understand the tunnel practices in Ethiopia, risk 
types associated with tunneling, risk analysis, controlling techniques, and moni-
toring mechanisms etc. 
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6.1. Recommendation 

Even though tunneling risks are complex in nature it is necessary to manage 
(control) it in different means before happening or after occurring the risks. 
Therefore, risk controlling mechanism should be in systematic way of risk man-
agement process that is why developing guideline is mandatory in order to 
manage risks effectively, and this is the importance of this paper.  

6.2. Recommendation for Further Research 

Qualitative risk analysis is a general way of assessing risks but high level risks 
should be analyzed by quantitative risk analysis method and it is better to de-
velop risk analysis models to manage risks in good manner. 

So, performing quantitative analysis and developing software model for the 
risk analysis and risk management should be studied in next research. 
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