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! Geomechanical factors

2 Virgin or Primitive stress
% Rock Burst

* Anisotropy
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! Rock Mass Quality

2 Rock Mass Rating (RMR)

¥ Rock Quality Designation (RQD)

* Rock Type and Characteristics of Intact Rock
% Hard and competent Rocks (HR)

¢ Medium and structurally weak Rocks (MR)

’ Sensitive Rocks (SR)

8 Evaporite Rocks (ER)
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! Squeezing Potential
2 Creep
% Swelling Potential
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! Weakness Zone
2 Studies and Design
3 Level of pre-construction exploratory studies
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! Executive technical specifications of support system, consolidation and ground control
2 Technical specifications of the improvement system
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! Injection

? Injection mixture

% Personal Protective Equipment
* Forepooling
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! Drainage
2 compressed air
® Freezing
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! Flexibility of the maintenance system according to different conditions
% New Austrian Tunneling Method

® Time and distance of installing the support system of the face

* Overdrive control
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LFill in the blanks behind the drill
2 Type of drainage system and its correct operation
% Pre drainage
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! Pre Grouting

2 Ground Injection

* Pilot

* How to react to unforeseen circumstances

® Geological and geographical factors of the site

® Topographic condition and ground level of the site
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! Type of site and project opponents
2 Weather condition
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2 General, executive and contractual factors
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! Level of sensitivity and importance of the project
2 Flexibility of the contract regarding financial, technical and executive issues
® Financing and executive costs
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! Observance of quality and technical specifications
2 Level of competence, skills and equipment of the contractor
% Tunnel drilling method
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! Singularities
2 Mixed Face
% Severely crushed and fault zones
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! Existence of watery mud and sand lenses
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Abstract

Instability and collapse in underground spaces have always been considered as one
of the most important and critical operational risks, which, if they occur, will
impose very negative consequences on projects. Due to the importance of instability
of underground spaces, sufficient cognition of the factors and parameters affecting
the occurrence of instability and predicting this phenomenon in the phases of
studies and design, consolidation and even after the construction of the tunnel, will
be necessary. Numerous parameters are influential in the discussion of tunnel
stability; However, a comprehensive study to evaluate and identify all these
parameters has not been provided. Therefore, in this study, identifying the
parameters and factors affecting the occurrence of tunnel instability, classifying
these factors and ranking their relative importance were considered as the main
objectives. To achieve these goals, a multi-criteria decision-making method based
on a survey of experts was used. For this purpose, first, by reviewing previous
studies, the most important factors affecting tunnel instability were identified and
categorized. Then, in order to evaluate and initial weight the factors, AHP
hierarchical analysis process was used and the factors were modified and
categorized again. After the initial analysis, these factors include 38 parameters and
in the form of 6 main indicators, including geomechanical factors, studies and
design, support system, consolidation and Ground control, geological and
geographical conditions of the site, general, executive and contractual factors and
singularities were categorized. In order to evaluate and finalize the factors, the
integration of ANP network analysis methods and DEMATEL decision evaluation
laboratory and test was used. The relative weights of the components were
determined by establishing the network analysis process. Finally, to validate the
results, a relatively comprehensive study of the results of actual instabilities and
collapses in the projects was performed and the results were compared. The results
of this study show that among the main indicators, geomechanical factors, level of
studies and design are the most important and general, executive and contractual
factors are the least important in the discussion of tunnel instability. Among the
parameters, geological features in the group of geological and geographical
conditions of the site, correct choice of execution method and consolidations in the
group of studies and design, severely fragmented and fault zones in the group of
singularities and rock mass quality in the group of geomechanical factors; They had
weights of 38%, 33%, 29% and 28% more than other parameters, respectively. A
comparison between the results of the ANP-DEMATEL rating method and the
statistical study of real instability in tunnels shows that the proposed approach has
been relatively reasonable and effective; Which can be used as an effective tool or
framework to deal with many issues and problems of instability in various fields of
tunneling.

Keywords: Tunnel Stability, Ranking, AHP Hierarchical Analysis Method, Multi-
Criteria Decision Making Methods, ANP Network Analysis Method, DEMATEL
Decision Making Test.
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