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Abstract

Selection of tunnel excavation method is one of the most critical stages of tunnel implementation because
the correct choice of the excavation method is essential from the economic, technical, and safety point of
view, and the results of the wrong selection of excavation method may lead to disastrous situations. Due to
the complexities in the geological and geotechnical characteristics and the limitations of different tunnel
excavation methods, one excavation method cannot be used for all conditions; therefore, a suitable method
should be used for a specific situation. Various methods have been presented for choosing the excavation
method. More of these methods are based on experience and in the form of formulas, tables, or diagrams.
They also rely on the estimation of geomechanical parameters of the rock mass and virgin rock, as well as
some physical parameters of the rock. Since one method cannot be easily considered superior to others, all
have shortcomings, and none have provided a comprehensive model for selecting the tunnel excavation
method.

Various parameters are effective in choosing the right option for the excavation of a tunnel. The most
important are geological, geotechnical, geometrical, executive, and economic parameters and parameters
related to infrastructure and necessary conditions for excavation methods. The effective factors have not
been considered comprehensively in the existing methods provided. This research presents a comprehensive
model for evaluating and selecting the most suitable tunnel excavation method among drill and blasting,
controlled blasting, cut and cover, Austrian drilling method, road header machine, and conventional shield
excavation (TBM). In this model, after studying and reviewing the relevant topics, 31 more effective
indicators were considered. Since the importance of indicators in the evaluation is not the same, they should
be weighted. Different methods were evaluated, and two methods, SAW® and AHP: were chosen as the most suitable |y

this way, the SAW method has been carried out hierarchically on the issue of implementation and ranking.
According to the tree branch diagram of choosing the appropriate excavation method, the importance of the
indicators in the first and second levels are not the same, and a separate importance coefficient should be
considered for each level so that the sum of the coefficients in each level is equal to 1. For this purpose, a
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guestionnaire was prepared according to the indicators. This questionnaire was distributed among 29
company managers, project managers, university members, consulting engineers, and others who had
opinions on this discussion. After filling out the questionnaire, a total of 28 questionnaires were acceptable.
Based on the importance of each index, numbers between O and 10 were chosen, with O being the least
important and 10 the most important. According to the number of people who have chosen each option, the
weight of each indicator can be determined. For this purpose, a coefficient corresponding to the importance
of each option was considered from 0 to 1. In this way, each index's initial weight was calculated, and each
index's normalized weight was obtained by dividing the initial weight by the total importance. The average
initial coefficients in each level one indicator include geological and geotechnical, geometric, and executive
indicators. Infrastructures, necessary conditions, and different economic indicators show the difference in the
importance of each one. In this way, the coefficient of indicators in level one is calculated by normalizing the
average numbers of indicators in level two. Finally, the final coefficient for each index is obtained from the
normalized coefficient in the first level. The normalized coefficient in the second level and the cost of
machinery and equipment has the most weight among the indicators, with 7.9%.

Scoring for each of the indicators for each of the excavation methods was also done by means of
evaluation questionnaires containing questions in the form of numerical values, such as the scoring of the
Nicholas method in the extraction of mineral deposits, in which according to the desirability or undesirable
of each feature, 0, 1, 2, 3, 4 and -121 points are used so that -121 points have been used for the impossibility
of using the excavation method according to the desired characteristic. A score of zero is used if the
possibility of implementing the proposed method is very low but not impossible despite the desired index.
With this score, the chance of using the method does not increase. If using the investigated evaluation
method is possible according to that characteristic, a score of 1 or 2 is meant. Points 3 and 4 indicate the
desirability of implementing the evaluation method according to that index. Then, the assigned data for each
of the indicators were checked for normality by SPSS software. If not normal, they were normalized by
replacing the data, and finally, averaging was done for each table filled by people.

Finally, the simple weighting method (SAW) was used hierarchically to calculate the final score of each
method. In this method, according to the geological and geotechnical conditions and geometrical parameters
of the existing tunnel, the score of each index is multiplied by the final weight of that index, and the final
score of each method is obtained from their sum. Eventually, the method with the highest score is selected as
the appropriate excavation method.

For validation, the results related to the Pataveh-Dehdasht road tunnel (tunnel number 1), which is located
between 34+740 km and 35+925 km from the middle part of this section and passes through three geological
zones and has a total length of 1185 meters. It was implemented, and finally, for zones 1 and 2, the drilling
and blasting method and for zone 3, the Austrian drilling method (NATM) were selected. While the
technique presented by the client was based on other existing methods for choosing the tunnel excavation
method, for all 3 zones, it was a drilling and blasting method, and it was recommended to use a hydraulic
hammer for areas with lower resistance.

Keywords
selecting the optimal method, tunnel excavation, hierarchical analysis process, Pataveh-Dahdasht tunnel.
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