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Modeling of tunnel construction process 
Motivation and aims

Provide tools for probabilistic modeling of constru ction 
costs and time estimates.

Average cost  escalation of tunnel and bridge projects is 34%, there has 
been no improvement over past 70 years (Flyvbjerg 2004).
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Dynamic BN model of tunnel excavation 
BN – basic principles

Directed acyclic graphical model which represents probabilistic 
dependencies of set of random variables  

Geology

Time Costs

���, �, �� = �������|�����|�, ��  

P(T|G) Geology

Time (days) Good Poor

0,2 0,6 0

0,3 0,3 0,2

0,4 0,1 0,8

Geology P(G)

Good 0,6

Poor 0,4

Time 

(days)

P(T)

0,2 0,36

0,3 0,26

0,4 0,38
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Dynamic BN
• For modeling of stochastic processes
• Memory through particular time slices 

P(Gi|Gi-1) Gi-1

Gi

0,6 0,1

0,4 0,9

Dynamic BN model of tunnel excavation 
BN – basic principles
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Dynamic BN model of tunnel excavation 
BN – basic principles

D-separation (Markov blanket )

Contents

• Bayesian networks - basic principles
• DNB model of tunnel excavation 
• Algorithm for inference of DBN
• Results, Conclusions



5/4/2011

5

Dynamic BN model of tunnel excavation 

Modeled tunnel (Min 2003) - cca 610 m long
• Excavation technology: NATM
• 8 geological zones
• 2 tunnel tubes (only one modelled)
• Emergency parking places, chemical plant, begin/end

Dynamic BN model of tunnel excavation 
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Dynamic BN model of tunnel excavation 

Dynamic BN model of tunnel excavation
GEOTECHNICAL CONDITIONS

ROCK CLASS (R)
• Spatial distribution of the R can 

be modeled as a Markov 
process (Chan 1981)

• Changes of the R occur as a 
Poisson process (described by 
average length li)
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Rock class I II III IV V
Average length (m) 2 4 4 0 0
Transition probabilities (to rock class denoted bellow)

I 0 0,34 0,34 1 1
II 0,66 0 0,66 0 0

III 0.34 0,66 0 0 0
IV 0 0 0 0 0
V 0 0 0 0 0

ROCK CLASS (R)
• Spatial distribution of the R can 

be modeled as a Markov 
process (Chan 1981)

• Changes of the R occur as a 
Poisson process (described by 
average length li)
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��
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�21��� �1 − exp �− ∆��2����� exp �− ∆��2���� ⋯ �15��� �1 − exp �− ∆��1�����
�25��� �1 − exp �− ∆��2�����

⋮ ⋱ ⋮
�51��� �1 − exp �− ∆��5����� �52��� �1 − exp �− ∆��5����� ⋯ exp �− ∆��5���� "

##
##
##
$

 

Dynamic BN model of tunnel excavation
GEOTECHNICAL CONDITIONS

Dynamic BN model of tunnel excavation
GEOTECHNICAL CONDITIONS

ZONES (Z)
• The Markov process for 

modelling of R is considered to 
be homogeneous within each 
zone

• Position of zone borders is 
random

��% = �|%−1 = �� = ��% = ����%−1 = �� 

��% = � + 1|%−1 = �� = 1 − ��% = ����%−1 = �� 
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Dynamic BN model of tunnel excavation
CONSTRUCTION PROCESS

QUALITY (Q)
• Random but constant for whole 

tunnel – introduces correlation

• Influences unit time and probability 
of failure

• 3 states: poor, standard, excellent

CONSTRUCTION METHOD (M)

��'|'−1� = �1 0 00 1 00 0 1� 

Dynamic BN model of tunnel excavation
CONSTRUCTION PROCESS

UNIT TIME (T)
• Defined conditionally on construction 
method and quality
• Continuous (triangular) PDF 
discretized
• More realistic distributions will be 
derived based on real data
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Dynamic BN model of tunnel excavation
EXTRAORDINARY EVENTS

FAILUTE MODE (F)
• Defined conditionally on ground 

class and  quality
• 2 states: failure, no failure

NUMBER OF FAILURES (NF)
• of one failure mode from the 

beginning of the tunnel to position 
i∆L

• Has Poisson distribution

Dynamic BN model of tunnel excavation 

TOTAL TIME (Ttot)
• Calculated in chosen (last) slice I
• Different discretization interval

• Textra are delays caused by 
extraordinary events

CUMULATIVE TIME (Tcum)
• Time without occurance of 

extraordinary events�)*+ , = �)*+ ,−1 + �  

��,� ,- = �./�01 ,- + �)*+ ,-  
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Inference of DBN

ELIMINATION OF NODES
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Inference of DBN

ELIMINATION OF NODES

(Murphy 2002)

Inference of DBN

FRONTIER ALGORITHM

G1

T1
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MODIFIED FRONTIER ALGORITHM

��2−1 , 0−1, �)*+−1, 34−1 , 5−1� 

MODIFIED FRONTIER ALGORITHM

��2 , 2−1 , 0−1 , �)*+−1 , 34−1, 5−1� = ��2−1, 0−1 , �)*+−1, 34−1 , 5−1���2 |2−1� 

��2 , 0−1 , �)*+−1 , 34−1, 5−1� = � ��2 , 2−1 , 0−1 , �)*+−1 , 34−1 , 5−1�

��2−1 , 0−1, �)*+−1, 34−1 , 5−1� 
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MODIFIED FRONTIER ALGORITHM
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MODIFIED FRONTIER ALGORITHM

��2 , 0 , 0−1 , �)*+−1 , 34−1 , 5−1� = ��2 , 0−1 , �)*+−1, 34−1, 5−1���0|0−1, 2�
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MODIFIED FRONTIER ALGORITHM

��2 , 0 , 0−1 , �)*+−1 , 34−1 , 5−1� = ��2 , 0−1 , �)*+−1, 34−1, 5−1���0|0−1, 2�
��2 , 0 , �)*+−1 , 34−1 , 5−1� = � ��2 , 0 , 0−1 , �)*+−1, 34−1 , 5−1�
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MODIFIED FRONTIER ALGORITHM

��2 , 0 , �)*+ , �)*+−1, 34 , 5 � = ��2 , 0 , �)*+−1 , 34 , 5����)*+|�)*+−1 , 0 , 5� 
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MODIFIED FRONTIER ALGORITHM
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MODIFIED FRONTIER ALGORITHM

�)*+ , = �)*+ ,−1 + �  

Convolution

���)*+|0 , 5 , 2� = ���)*+−1|0 , 5 , 2� ∗ ���|0 , 5� 

80��)*+ = /�)*+ |0 , 5 , 2� = � 80�� = �|0 , 5�80��)*+ = /�)*+ − �|0 , 5 , 2�
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Dynamic BN model of tunnel excavation 

RESULTS without extraordinary events
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Dynamic BN model of tunnel excavation 

RESULTS with extraordinary events

Conclusions

Suggested approach enables

– full probabilistic estimation of construction time (cost)

– consideration of both types of risks

– involvement of hardly measurable influence of human factor

– updating of estimates during the on-going project

– systematic learning from past projects (requires generalized 
description of geotechnical conditions, definition of failures etc. 
… and data)
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Thank you for your attention


