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Transportation Summary

Mechanized excavation In this research, a new method is presented to determine the optimal
Tunnel o ) transportation system in mechanized tunneling in urban projects. For this
"\:/'UUZ'Z“y‘i(r)'éieg'a decision making tools purpose, three common transportation systems in similar projects including

fully railway system, conveyor belt- railway system and conveyor belt -rubber
wheel vehicles have been considered. Afterward, the most important criteria including financial criteria, safety,
environmental, and technical aspects have been studied to decide the alternatives. Each of these criteria has been
divided into one or several more specific sub-criteria. In order to evaluate the financial sub-criteria, the costs and
benefits of each alternative have been investigated comprehensively. Furthermore, the expert knowledge has been used
to evaluate the other criteria. Thus, the impact weights of the criteria and sub-criteria, and also, the expert opinions
have been analyzed based on the fuzzy logic method. The results show that conveyor belt-rubber wheel vehicles system
is more suitable than the other two systems in this study.

Introduction
Nowadays, excavation of tunnels in order to expand the transport networks such as highway and railway networks is

increasingly important. In a general categorization, the tunnel excavation methods is divided into three different

methods: traditional, semi-mechanized and mechanized tunneling. In the traditional method, the excavation is done by
using explosives. This method is efficiency economic for low length and small size tunnels. The excavation machines
such as road header is used in the semi-mechanized method. The tunnel boring machines (TBM) like hard rock and
earth pressure balance (EPB) machines are used in mechanized tunneling. Drilling tunnels with large diameters and
lengths with high excavation speed is the most outstanding specification of the recent method. Different transportation
systems can be used during TBM tunneling. The most important systems include the complete railway system (only
railway), the railway- conveyor system (conveyor & railway) and the conveyor-multi vehicles system (MSV) (conveyor

& MSV).

Each of these alternatives should transport two different materials including excavated materials and needed
equipment or instruments. In alternative 1 (only railway), both tasks are done by a railway system. In conveyor &
railway system, the first task is done by conveyor while the second task is done using rail transportation. In the third
alternative (conveyor & MSV), the tasks are done by conveyor and MSV, respectively.

Methodology and Approaches

In a multi-criteria decision-making process, the weights of the criteria reflect their importance in achieving the goal.
Among the criteria considered in the present study, the quantitative calculation of economic criteria for each of the
three alternatives (complete railway system, conveyor-railway system, and conveyor-MSV system) is possible. Hence,
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all the economic sub-criteria have been analyzed for each of the alternatives separately, and their relative weights
have also been calculated. Economic calculations are done based on the case study of a mechanized tunnel excavation
project in Isfahan, Iran. The studied tunnel has a circular cross section with diameter of 6.8 m and with a length of 20
km. Due to the lack of quantitative information, it is impossible to analyze the other criteria quantitatively. Thus,
relevant professional experts were asked for evaluation and weighting the criteria and their respective sub-criteria.
For this aim, a questionnaire was prepared and delivered to the experts. In total, 30 professional experts in 7 different
major TBM projects in Iran were questioned. The questionnaire was designed based on the fuzzy multi-criteria
decision-making tools, known as the "Fuzzy Topsis". The method is based on the fact that the selected alternative
should has the least distance to the best possible condition and the maximum distance to the worst possible condition
(Momeni 2013, Hwang and Yoon 1981, Ataee 2010).

Results and Conclusions

The aim of the present study was to select the optimal transportation system in the urban mechanized tunneling
projects. For this purpose, three alternatives including complete railway system, conveyor-railway system and
conveyor-MSV system were analyzed. For ranking the mentioned alternatives, the economic, safety-environmental,
technical and operational management criteria were used. One or more sub-criteria were considered for each of the
used criteria. In order to evaluate the economic sub-criteria, costs and benefits of each alternative were analyzed. The
weights of the other criteria and sub-criteria were determined by the experts' knowledge. In this way, technical and
economic criteria with 27 and 26 percent, respectively, had the highest weights. Initial capital investment, maintenance
costs and transportation operation risk, respectively, had the highest percentage of importance. Experts' opinions were
analyzed using multi-criteria decision making tools called "similarity to ideal method" based on fuzzy logic technique.
The results of this research showed that the conveyor-MSV system by the similarity index of 96% was the best
transportation system under the considered conditions. Finally, a sensitivity analyzes was carried out to validate the
obtained results. It was deduced that the experts' opinions were in accordance with the actual conditions.




