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Risk Management for Underground Construction 
Administration de Risque pour la Construction Souterraine 

C.T. Chin & H.C. Chao  
Moh and Associates, Inc., Taiwan 

ABSTRACT 
In engineering practice, geotechnical uncertainties are often coped with by various codes and standards. However, uncertainties are 
not invariant for all projects and thus design and construction codes and standards do not necessarily always satisfy the requirement. It
is not uncommon severe losses and impacts as a result of construction failure attribute to geotechnical uncertainties. Therefor,
engineering risk management has been widely discussed in recent years. In Taiwan, the Airport Link Contract IATX03 is one of the
projects formally apply this technique in the management scheme. This article introduces the fundamentals of engineering risk 
management and demonstrates its application by the case of underpinning of this project. 

RÉSUMÉ
Dans la pratique de construction mécanique, geotechnical les incertitudes sont souvent occupés par les codes différents et les normes. 
Pourtant, les incertitudes ne sont pas invariant pour tous les projets et conçoivent ainsi et les codes de construction et les normes ne
satisfont pas nécessairement toujours l'exigence. C'est des pertes sévères assez communes et des impacts à la suite de l'attribut d'échec 
de construction aux incertitudes geotechnical. Therefor, en manigançant l'administration de risque a été largement discuté au cours des
dernières années. Au Taiwan, le Contrat IATX03 de Lien d'Aéroport est un des projets appliquent officiellement cette technique dans 
le projet d'administration. Cet article présente le fondement de manigancer l'administration de risque et démontre son application par
le cas du fait d'étayer de ce projet 
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1 INTRODUCTION 

Uncertainty is an inevitable reality in real world, and thus use an 
unique solution explaining the complex uncertainty states is 
deemed to be ineffective. Probability is the tool for describing 
uncertainty. There are two types of probability, one is relative 
frequency and the other is subjective degrees of belief. Relative 
frequency is the number of reoccurrences of an event after 
repetitive trials or sampling based statistical rules. Subjective 
frequency is the qualitative or quantitative expression of the 
possibility of occurrence of an uncertain event based on degrees 
of belief.  

Conventionally, the probability of an uncertain event is 
equivalent to the possibility of the occurrence of that event, and 
can be inferred to all future occurrence based on sampling 
results, such as that in the poker game, dice and coin tosses. 
Because the number of total events is predetermined, the 
probability can be calculated based on available information 
before the next trial happens. However, in geotechnical practice, 
it is not easy to use the same approach using available data to 
establish information and based on the information to compute 
probability. This is because identical cases do not really exist 
and same event can only happen once. Repetitive trials are 
almost impossible. This makes prediction based statistical rules 
not feasible. Thus, observations, inductive methods and 
subjective judgment are widely used as the baseline for 
obtaining solutions. Information established based on statistical 
rules is not appropriate for use until it is calibrated by judgment. 
Under such situation, uncertainties are coped with by various 
kinds of specifications, guidelines or standard procedures 
without being stated explicitly.  

Most of the geotechnical solutions are based on inductive 
approach in which experience plays an important role, but the 
uncertainties such as unknown geology defect, uncertain soil 

properties, limited knowledge on soil failure process and human 
error that geotechnical engineers face are huge. The future 
should not be prepared only based on past experience. If we are 
trying to do so it is easy to be disappointed. In responding to the 
need for dealing with uncertain events or consequences, risk 
management is introduced and widely discussed in recent years. 
This article introduces the fundamental of geotechnical risk 
management and some of the useful tools and techniques for 
risk analysis. Risk management practice is demonstrated by the 
case of underpinning in Taiwan Taoyuan International Airport 
Link project.  

2 FRAMEWORK OF RISK MANAGEMENT 

In pure risk management, risk is taken as the combination of 
uncertainties and consequences of adverse events. Based on 
definition, risk management focuses on these two important 
aspects. Engineering risk is an inevitable truth. Generally, risks 
can be dealt with by the measures of avoidance, mitigation, 
transfer or reserve but should never be ignored.  

According to International Tunnel Insurance Group (2006), 
risk management is a systematic approach of overall risk 
evaluation, mitigation and control. Based on Guidelines for 
tunneling risk management (ITA, 2004) and RiskMAS (Chin et 
al., 2007), the framework of risk management is composed of 
risk policy, risk assessment, risk response and risk control. Risk 
policy defines the objectives, scope of risk management, criteria 
of risk acceptance and principles for risk response and control. 
Organization for risk management can be established based on 
risk policy with the responsibilities of all parties in this 
organization clearly defined. In early stage of a project, risks are 
identified based on information available. For risk 
quantification, cause and effect of a risk event need to be clearly 
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described and decomposition techniques such as event tree or 
fault tree can be used for this purpose. After risk is identified 
and assessed, it is coped with in accordance with risk 
acceptance criteria and predefined risk response strategy. 
Residual risk is then evaluated for determining whether further 
response measures need to be taken. Risks are dealt with in a 
systematic manner throughout the project with monitoring, 
reexamining, communicating, mitigating and all necessary 
measures. 

2.1 Risk identification and analysis 

Risk identification and analysis is a process exploring how 
adverse consequences occur. Any of such a process involves 
identification and assessing the risk factors, responding events, 
and consequences. Risk factor is an assumed event or condition 
that is able to trigger potential failure process; Responding 
event describes the potential failure modes the failure process 
could induce; Consequence is the result a failure mode occurs. 
For quantitative risk analysis, failure is an observable physical 
phenomenon while consequence is measurable physical quantity.  

Event tree or fault tree are two of the decomposition 
techniques often used for risk identification. Event tree analysis 
uses forward logic and bottom up thinking approach. Failure 
process is evaluated after risk factors are identified. Event tree 
are useful in identifying active type of failure process such as 
construction induced load change and events. Fault tree analysis 
is a reverse approach of event tree analysis. Fault tree structure 
starts from top event. A failure event is a composition of various 
failure modes with various combinations of events. Generally, 
fault tree analysis uses backward logic and top down thinking 
approach. It focuses on system failure and is usually fit for 
evaluation of passive type of hazard events such as existing 
structures exposed to detrimental construction activities. 

The scope of risk analysis includes uncertainty and 
consequence evaluation. Risk analysis provides necessary data 
for risk ranking that serves as the baseline for risk-informed 
decision making. Based on purpose, risk analysis can be 
qualitative or quantitative. General qualitative risk analysis tools 
include failure modes and effects analysis (FEMA) and other 
similar methods. Quantitative risk analysis techniques include 
reliability analysis, Bayesian theorem, Logistic method, Fuzzy 
logic method, neural network or genetic algorithm. No matter in 
qualitative or quantitative approach, engineering judgment or 
degrees of belief is the core in analysis.  

FEMA is a qualitative risk analysis technique usually used 
for exploring the interactive effects of the components of an 
engineering system. Results of FEMA can be used for 
establishing indexes for system reliability, risk or decision. In 
addition, FEMA also can be used as an independent tool in 
evaluating the risks of various failure modes. FEMA analyzes 
risk based on the likelihood and consequence of risk events.  

In general engineering system, system reliability can be 
taken as an issue between resistance such as bearing capacity, 
and demand such as loads. If X=resistance, Y=demand, the 
objective of reliability analysis is to ensure X>Y. When the 
corresponding probabilistic density functions fX(x) and fY(y) are 
defined, the reliability of this system can be measured from 
nonperformance probability.  

In risk analysis, probability value of a risk event in essence 
varies through the project stages. In the early stage, the 
probability of a risk event is inferred from the available 
information. With progress of the project, new information will 
be revealed. For practical requirements, results of judgment 
based on earlier information needs to be modified or updated. 
Baysian theorem provides a formal algorithm for this.  

For example, taking A as an index and B the event of 
concern, the probability of B at the occurrence of A, or p[B|A], 
can be determined from past probability, p[B]. To predict 
p[B|A], it is necessary to know the reverse probability, the 

probability of index A at the presence of event B, or p[A|B]. 
Baysian can be expressed as 
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For risk analysis, consequences have to be converted to the 
format of measurable quantities such as casualties, financial 
losses, schedule postpone, road closing duration, etc. Failure 
need be practically observable condition such as retaining wall 
collapse, gas main broken, etc. Identical to risk factor and 
responding event, prediction of consequences involves 
uncertainties and requires the exercise of subjective probability 
or judgment. Usually, design or construction is to avoid 
occurrence of failure so that available model for simulating 
progressive failure is not as common as design or analysis 
models. Prediction of consequence requires taking consideration 
of the effect of the actions taken as a precaution. Generally, 
when a failure sequence start and perceived, parties involved 
would not let it happen without taking any measure if they are 
capable of stopping it. 

For practical purpose, the evaluation of consequence often 
focused on the parties directly exposed to risks. Usually it 
includes project supervisor, contractor, designer, temporary or 
permanent structures, adjacent infrastructures, traffic users, 
residents or pedestrians. Based on the consideration, risk 
consequence can further divided into two categories, monetary 
loss such as restoration and redemption costs, operation cost as 
a result of schedule delay, and non-monetary loss such as the 
inconvenient to the road users if traffic shutdown. To measure 
the consequence of the latter, it is necessary to build appropriate 
index, or conversion factor such that non-monetary losses can 
be equivalently converted to money losses.  

Results of risk analysis including the probability and 
consequence of identified risk events are combined to risk 
values. Risks are classified to various levels based on risk 
acceptance criteria. Each level of risks is defined with upper and 
lower bound of risk values. 

2.2 Risk response 

Based on the results of risk analysis, risk response strategies can 
be developed based on the level of risks and the anticipated 
degrees of influence to the overall project objectives. Generally, 
risk responding strategies include risk avoidance, risk reduction, 
risk transfer, or risk retention. Decision maker selects 
appropriate risk response alternative based on the characteristics 
of risk factors and the constructability of the measures being 
taken. Risk mitigation is the measure often adopted In 
construction stage. An alternative other than standard design 
taken to reduce the probability of occurrence or severity of 
consequence can be treated as risk mitigation measure. For 
bored tunnel construction, while jet grouting is specified in 
standard design as a ground improvement measure for retrieval 
shaft, use of ground freezing method to further reduce 
geological uncertainty is the risk mitigation measure. For deep 
excavation, if jet grouted ground slab is specified in standard 
design as the measure for adjacent building protection, use of 
double packer method to strengthen the ground along the 
perimeter of protected building can be taken as a risk mitigation 
measure.  

It should be noted risk mitigation measure sometimes can 
produce new risks. For example, while jet-grouting method 
can improve the strength of the ground surrounding 
protected building, it can also jeopardize the safety of the 
building. Thus, cyclic risk identification and analysis is a 
necessary measure.  
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3 CASE HISTORY 

Taiwan Taoyuan International Airport MRT system connects 
the airport and Taipei city. The total contract amount is about 
US$3 Billion and is scheduled to operate in 2014. The bored 
tunnel section between Taipei city and SanChong city is to be 
constructed by double-O tube shield tunneling method that is 
first time adopted in Taiwan. The corresponding contract 
amount for this section is approximate US$30 Million. Along 
the alignment is crowded with population, traffics, buildings 
and complex utility pipelines. Based on the consideration of 
associated geotechnical uncertainties, the Department of Rapid 
Transit System (DORTS), Taipei City Government, responsible 
for construction supervision, formally established a risk 
management team to deal with potential geotechnical risks.  

The objective of geotechnical risk management in this 
project is to minimize the probabilities or consequences of 
geotechnical risks without sacrifice expected quality of 
construction works, duration and budget. The DORTS plays the 
role of risk controller and decision maker facilitated by the risk 
management consultants, Moh and Associates, Inc. A risk 
management platform was built for real time risk 
communication and response. Risk policy, risk management 
scheme, risk identification, assessment and suggestions for risk 
response were developed before start of construction. This 
paper takes the underpinning in this project as an example to 
illustrate the performance of geotechnical risk management.  

As shown in Figure 1, the alignment of the bored tunnel 
conflicts with the foundation of pier P64 that is composed of 
nine bored piles with diameter of 3m and center to center 
distance of 4.5m. As shown in Figure 2, the slope of the bored 
tunnel herein is about 4.8% and with bottom depths between 
GL.-15m and GL.-17m. Based on borehole data, the ground is 
composed of backfill from surface to GL.-2.5m overlaid with 
silty sand layer from GL.-2.5m to –12.5m and silty clay layer 
from GL.-12.5m to –27.5m. The groundwater head is 
approximately at the level of GL.-2.5m but at the depths deeper 
than GL.-18m the groundwater head decreased to GL.-6.5m, 
about 4m lower than hydrostatic level.  

Figure 1. Plan of the bored tunnel and P64 pier interface 

Figure 2. Profile of the bored tunnel and P64 pier interface 

Several 1 to 3 story brick structure buildings with spread 
footings are adjacent to pier P64 but the distances are all greater 
than 15m. The major utility pipelines near the site include a 
1000mm in diameter RCP water main, a 2000mm x 1000mm 
box-tunnel of sewage drain, and 200mm in diameter gas line 
with distances smaller than 7m. 

According to the construction plan, these 9 obstacle bored 
piles are to be removed before the tunnel excavation start and 
underpinning method is adopted. The loads of the viaduct 

superstructure and traffics are to be transferred to a temporary 
support steel frame as shown in Figure 3 and new foundations 
built of diaphragm wall. The construction sequence is 
demonstrated in Figure 4.  

Figure 3. Schematic of Temporary Support 

Site preparation

Install Underpining foundation

Install temporary support structure

Load transferring to temporary support

Remove obstacle structures

Construct new pile cap

Load transferring to new foudation

Dismantle temporary support

Figure 4. Construction Sequence of Underpinning

3.1 Risk identification and analysis 

A preliminary risk identification and analysis for underpinning 
is conducted based on active construction sequence, and thus 
the event tree technique is applied. Selected results of risk 
identification and analyses are presented herein. 

(1) Installation of foundation for underpinning 
The foundation for underpinning is rectangular in shape and 
with the construction method identical to diaphragm wall. Two 
foundation piles with dimensions of 16.8m x 1.5m x 56m 
(LxWxD) are to be constructed on both side of tunnel alignment 
Sheet pile wall with depths from 13m to 18m surrounding the 
work zone and H-type steel bracing are composed of the earth 
retaining system. Cement grouting and jet grouting are to be 
applied to improve the strength and permeability of the ground.  

As viaduct traffic shutdown was identified as a consequence 
with regard to the risk factor of trench soil collapse for new 
foundation construction, results of event tree analysis is illustrated 
in Figure 5. Probabilistic analyses indicated under such 
circumstance the probability the viaduct closing is about 0.09%. 
According to risk assessment criteria of this project, the 
corresponding risk falls in the category of not likely to occur with 
probability index of II. Based on the scale of excavated trench and 
the structure type of the viaduct, the severity of this consequence 
is at the 3rd level that once failure occurs, the duration the viaduct 
closes for repairing would not exceed 1 month. This risk rank is 
derived to be IV – acceptable risk - by combining the probability 
and severity based on the predefined risk profile. 

Figure 5. Event tree analysis for pile construction



C.T. Chin and H.C. Chao / Risk Management for Underground Construction 2689

(2) Demolition of obstacle piles 
After the loads are transferred to temporary support structure, 
the obstacle piles can be removed through activities taken in the 
work shaft. In this stage, the underpinning foundations also 
serve as the retaining wall for the excavation activities, thus if 
the stability fails it is possible to affect the safety of temporary 
support and jeopardize the viaduct structure. According to 
construction plan, after the existing pile cap is removed, jet 
grouting is to be performed to improve the soils from GL.-5.3m 
to GL-22m surrounding existing piles. The obstacle piles are to 
be chipped out to predetermined depth of GL.-19m with 
excavation activities conducted in the 3m in diameter vertical 
shaft with corrugated circular aluminum liner as retaining 
structure. 

Figure 6. Event tree analysis for obstacle removal 

The key to the success of obstacle removal is the 
effectiveness of ground improvement. Borehole data indicate 
the ground from GL.-14m to –27m is composed silty clay layer 
with relative low permeability. Results of the event tree 
analyses as shown in Figure 6 show that the probability traffic 
on viaduct being closed as a result of ground variation is about 
0.16%. The likelihood of this risk event is in the category of 
occasionally occurs with frequency level of III and consequence 
level of 3. The corresponding rank of risk is third. 

3.2 Risk mitigation 

The risk policy of this project indicated that if the rank of risk is 
equal or greater than the third level, risk must be treated and 
risk mitigation measures needs to be developed before 
commence of the construction. For underpinning, results of risk 
analyses show that the risk rank of load transfer and obstacle 
removal are at the 3rd level, thus risk mitigation measure needs 
to be developed. To avoid the bridge structure being damaged 
during load transferring process, the hydraulic jack system 
should equip with synchronized controlling device and the 
selection of uplifting height needs to consider potential 
settlement results from bottom sludge other than the deflection 
of the temporary support during operation. The allocation of the 
hydraulic jacks should avoid possible eccentric during 
operation. Other risk mitigation measures include clearing of 
bottom sludge and making necessary comparisons with the 
actually excavated soils during trench excavation to ensure up 
to date information can be obtained. 

To reduce the risk of groundwater ingress during obstacle 
pile removal, the staged excavation depth is limited to 0.5m. 
Once groundwater flows in, uses rags to plug where it occurs 
immediately, and insert a PVC pipe, piles up this location with 
sand bags to stabilize the ground. Necessary grouting measure 
taken to stop the leakage should be applied. If groundwater 
keeps spurting out with mass soils and remediation measure 
fails, withdraw all construction crew and conduct emergency 
grouting from ground.  

3.3 Risk Monitoring and Control 

Risk monitoring and control are focused on both identified and 
unidentified risks. For identified risks, control is made through 
risk tracing with cyclic risk assessment. Measures adopted 
include site inspection, instrumentation and monitoring, data 
interpretation, residual risk evaluation, etc. Risks are identified 
based on information available, assumptions made on 

construction methods or geological conditions, engineering 
knowledge and judgment. With the progress in construction, 
any of these might subject to change and so is the corresponding 
risks. Risks whose existence was not identified in the first place 
can be revealed though continuously tracing on assumptions or 
reviewing on updated information.  

When results of risk monitoring show the occurrence of a 
risk event is imminent or the risk level is in increasing. Based 
on risk policy, appropriate risk response measure needs to be 
taken to reduce the probability or prevent severe consequence 
from happening. When circumstances vary from assumptions or 
new information reveals change obviously affect the outcome, 
new risk identification and assessment need to be conducted so 
that the risk response measure can be reexamined or modulated 
to fit the updated condition.  

4 CONCLUSION 

The need for risk management results from the need for dealing 
with the uncertain nature of the real world. With the integration 
of the theory and techniques of risk management and the 
domain knowledge of Geotechnical Engineering, Geotechnical 
risk management provides a systematic approach for risk 
identification, analysis, response, monitoring and controls. 
Through this approach, risks can be avoided, mitigated, 
transferred or accepted. Generally, risk mitigation is adopted as 
the risk response strategy in construction stage. Risks are dealt 
with by reducing the probability of occurrence or the severity of 
consequence. In geotechnical engineering, the existence of two 
identical projects or case histories is extremely rare such that to 
predict the probability of an event only based on historical data 
or observations is not an practical approach. Judgment, or its 
quantitative term subjective frequency is in essence a more 
reasonable solution. With difference from experience, judgment 
possesses characteristics of diagnosis, induction and 
interpretation. Sound judgment requires knowledge, capability 
of keen observation, pattern recognition and intuition. 

The rules for risk ranking are developed based on risk 
acceptance criteria that is project oriented and has no universal 
standards can be followed. Risk management should focus on 
what can go wrong rather than how to do it right. In the practice 
of geotechnical risk management, one focus on the factors 
potentially leading to the occurrence of adverse events, then 
identifying, assessing, communication, response, monitoring 
and controlling these risks in a continuous and cyclic manner.  
Effective risk management requires appropriate risk policy and 
appropriate management scheme. In addition, accumulation of 
case histories, quality of information, appropriately use of 
judgment are all the keys of the successful risk management.  
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