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C4 C3 C2 Cl
1 5.57 9 1 3.28 9 1 5.57 9 1 5 9 M1
1 6.71 9 1 2.71 9 1 6.71 9 1 7.57 9 M2
1 5.28 9 1 5.28 9 1 471 9 1 4.42 9 M3
1 5.58 9 1 4.14 9 3 8.14 9 3 7.28 9 M4
1 6.42 9 1 3 7 3 6.71 9 3 8.42 9 M5
1 5.58 9 1 4.14 9 1 3.57 9 1 6.14 9 M6
3 6.71 9 1 442 9 1 3 7 1 4.71 9 M7
3 7 9 1 4.71 9 1 5.57 9 3 4.14 9 M8
3 5.58 9 1 442 9 1 6.14 9 3 6.71 9 M9
3 7 9 1 3.85 7 1 5.28 9 3 7 9 M10
1 4.42 9 1 4.14 9 1 6.14 9 1 7 9 Ml11
1 3.85 7 1 5.28 9 3 7.57 9 1 6.42 9 M12
1 5 9 1 5.57 9 1 471 9 3 6.42 9 M13
1 5.28 9 1 2.42 7 1 4.14 7 1 4.14 7 M14
1 5 9 1 4.14 9 1 5.28 9 1 5.57 9 M15
1 5.28 9 1 2.71 7 1 4.71 9 1 5 9 M16
1 5 9 1 3.57 9 1 4.71 9 1 5 9 M17
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C4 C3 C2 Cl1
0.5 0.82 1 0.3 0.67 0.9 0.5 ’ 0.81 1 0.3 0.64 1 \\%
ool (o 2 (5318 ouad pw Flo A Jgur
C4 C3 c2 Cl
0.111 | 0.179 1 0.111 | 0.364 1 0.111 | 0.618 1 0.111 | 0555 | 1 | Ml
0.111 | 0.149 1 0.111 | 0.301 1 0.111 | 0.745 1 0.111 | 0.841 1| M2
0.111 | 0.189 1 0.111 | 0.586 1 0.111 | 0.5233 1 0.333 | 0.491 1 | M3
0.111 | 0.179 1 0.111 | 0.46 1 0.333 | 0.904 1 0333 | 0808 | 1 | M4
0.111 | 0.155 1 0.111 | 0333 | 0.777 | 0.333 | 0.745 1 0.111 | 0935 | 1 | M5
0.111 | 0.179 1 0.111 | 0.46 1 0.111 | 0396 1 0.111 | 0682 | 1 | M6
0.111 | 0.149 | 0.333| 0.111 | 0.491 1 0.111 | 0333 0777 | 0333 | 0523 | 1 | M7
0.111 | 0.142 | 0333 | 0.111 | 0.523 1 0.111 | 0.618 1 0333 | 0.46 1 | M8
0.111 | 0.179 | 0333 | 0.111 | 0.491 1 0.111 | 0.682 1 0333 | 0745 | 1 | M9
0.111 | 0.142 | 0333 | 0.111 | 0427 | 0.777| 0.111 | 0.586 1 0.111 | 0.777 | 1 | M10
0.111 | 0226 1 0.111 | 0.46 1 0.111 | 0.682 1 0.111 | 0777 | 1 | Mill
0.142 | 0.259 1 0.111 | 0.586 1 0.333 | 0.841 1 0333 | 0713 | 1 | MI2
0.111 0.2 1 0.111 | 0.618 1 0.111 | 0.523 1 0.111 | 0713 | 1 | MI13
0.111 | 0.189 1 0.111 | 0268 | 0.777| 0.111 | 0.46 | 0.777 | 0.111 | 046 | 0.77| Ml14
0.111 0.2 1 0.111 | 0.46 1 0.111 | 0.586 1 0.111 | 0618 | 1 | MI5
0.111 | 0.189 1 0.111 | 0301 | 0.777| 0.111 | 0.523 1 0.111 | 0555 | 1 | Ml16
0.111 0.2 1 0.111 | 0.396 1 0.111 | 0.523 1 1 0555 | 1 | M17
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oo o guntige 4 55 ol wozme (15 15 (5551 Loy ke
10039 00l (wlilo 2 (53 e gt yilo 1Yo Jgu
C4 C3 C2 C1
0.055 0.147 1 0.033 0.244 0.9 0.055 | 0.501 1 0.033 0.355 1 Ml
0.055 | 0.122 1 0.033 0.201 0.9 0.055 | 0.603 1 0.033 0.538 1 M2
0.055 | 0.155 1 0.033 0.393 0.9 0.055 | 0.423 1 0.1 0.314 1 M3
0.055 | 0.146 1 0.033 0.308 0.9 0.166 | 0.732 1 0.1 0.517 1 M4
0.055 | 0.127 1 0.033 0.223 0.7 0.166 | 0.603 1 0.033 0.598 1 M5
0.055 | 0.146 1 0.033 0.308 0.9 0.055 | 0.321 1 0.033 0.436 1 M6
0.055 | 0.122 | 0.333 0.033 0.329 0.9 0.055 0.27 0.777 0.1 0.334 1 M7
0.055 | 0.117 | 0.333 0.033 0.350 0.9 0.055 | 0.501 1 0.1 0.294 1 M8
0.055 0.146 0.333 0.033 0.329 0.9 0.055 | 0.552 1 0.1 0.477 1 M9
0.055 0.117 0.333 0.033 0.286 0.7 0.055 | 0.475 1 0.033 0.497 1 M10
0.055 0.185 1 0.033 0.308 0.9 0.055 | 0.552 1 0.033 0.497 1 Ml1
0.071 0.212 1 0.033 0.393 0.9 0.166 | 0.681 1 0.1 0.456 1 M12
0.055 0.164 1 0.033 0.414 0.9 0.055 | 0.423 1 0.033 0.456 1 M13
0.055 0.155 1 0.033 0.180 0.7 0.055 | 0.372 | 0.777 0.033 0.294 | 0.7777 | M14
0.055 0.164 1 0.033 0.308 0.9 0.055 | 0.475 1 0.033 0.396 1 M15
0.055 0.155 1 0.033 0.201 0.7 0.055 | 0.423 1 0.033 0.355 1 M16
0.055 | 0.164 1 0.033 0.265 0.9 0.055 | 0.423 1 0.3 0.355 1 M17
3L JTowslas 5 6306 JTows! J> N Jguz
C4 C3 C2 Cl
0.071 0.212 1 0.033 0.414 | 0.9 0.166 | 0.732 1 0.3 0.598 1 A"
0.055 0.117 | 0.333 | 0.033 0.180 | 0.7 0.055 0.27 0.777 | 0.033 | 0.294 | 0.777 | A
M9 00l Jlo g s yile ool (55Ld Y Jouo calud plh wlel p LSy gussad ) Y Jgu
C4 C3 C2 C1 45, Cci Si *Si KANNEN
0.352 0.330 0.469 0.357 M1 10 0.625 0.824 0.494 MI
0.344 0.315 0.503 0.418 M2 5 0.681 0.923 0.432 M2
0.355 0.379 0.443 0.343 M3 8 0.658 0.844 0.437 M3
0.352 0.351 0.607 0.459 M4 2 0.817 1.011 0.225 M4
0.346 0.273 0.564 0.486 M5 6 0.664 0.867 0.438 M5
0.352 0.351 0.409 0.384 M6 11 0.604 0.806 0.526 M6
0.162 0.358 0.331 0.350 M7 17 0.232 0.282 0.932 M7
0.160 0.365 0.469 0.384 M8 15 0.375 0.470 0.784 M8
0.170 0.358 0.486 0.445 M9 13 0.437 0.539 0.693 M9
0.160 0.294 0.460 0.452 M10 16 0.324 0.410 0.852 MI10
0.365 0.351 0.486 0.404 Ml1 3 0.711 0.905 0.366 Ml11
0.383 0.379 0.589 0.391 M12 0.844 0.998 0.183 Mi12
0.358 0.386 0.443 0.438 M13 4 0.690 0.878 0.393 MI13
0.355 0.258 0.365 0.289 Ml14 14 0.378 0.444 0.731 M14
0.358 0.351 0.460 0.370 M15 9 0.652 0.838 0.446 MI15
0.355 0.266 0.443 0.357 M16 12 0.533 0.687 0.600 M16
0.358 0.337 0.443 0.357 M17 7 0.661 0.871 0.445 M17
FAQ bl ¥ 0 slodd (uoxy 099 o¢
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0.9
0.8
0.7
X 06 -
205 -
04 -
\} 0.3 -
0.2
0.1 -
0 |
MI M2 M3 M4 M5 M6 M7 M8 M9 MI0 M1l MI2 MI3 M14 MI15S M1é M17
&bl
caabud a3 e (wlul » 636 JTows! 4y 35 4 calud gy oS & Sy (ekad ¥ JSb
G 0 Sl i, 50 C Cdidlgo svac gosmo 3l ool JuSCid (gaiged VF Jous
Olisl Egazme C4 C3 Cc2 C1 olass,
1.491 0.82 0.671 M1-2
1.457 0.814 0.643 M1-3
0.82 0.82 Ml1-4
G oSl 5o C cdidlgn o ylo VO Jgu
MI17 | M16 | M15 | M14 | M13 | M12 | M11 | M10 | M9 M8 M7 M6 M5 M4 M3 M2 Ml
0.643 | 1.45710.814|2.128 | 0.814| O 0 [2.305]|1.463|1.634|2.277|1.634|1.491| 0.82 | 1.457 | 1.491 M1
1.457|2.128 | 1.457 | 2.128 | 0.814 | 0.643 | 1.457 | 2.305 | 1.634 | 2.277 | 1.634 | 1.457 | 0.671 0 1.457 1.457| M2
1.485(2.305|0.671|2.948 | 0.814 | 0.671 | 0.671 | 1.491 | 1.491 | 1.491 | 2.305| 2.305 | 1.491 | 1.491 1491|1491 | M3
2.128 | 2.128 | 2.128 | 2.128 | 1.457 | 1.457 | 2.128 | 2.948 | 2.277 | 2.277 | 2.277 | 2.948 | 2.305 1.457|2.948 | 2.128 | M4
1.457|2.128 | 1.457 | 2.128 | 1.457 | 0.643 | 1.457 | 2.277| 2.277 | 2.277| 2.277 | 1.457 0.643 | 1.457(2.277| 1.457 | M5
1.314| 1.314 | 1.314 | 2.128 0 0 0.671|1.491| 0.82 | 1.463 | 2.277 1.491|1.491|0.643 | 1.491 | 1.314| M6
0.671]0.671]0.671 | 1.314 0 0 0.671|1.491|0.671| 0.82 0.671|0.671 | 0.671|0.643 | 0.671| 0.671 | M7
2.128 1 2.128 | 2.128 | 2.128 | 0.814 0 0.6712.305|0.671 2.128 1 2.128 | 0.671 | 0.671 | 1.457 | 0.671 | 2.128 | M8
5.128 | 4.128 | 3.128 | 2.128 | 1.457 | 0.643 | 2.128 | 2.305 227712948 |2.128 | 0.671 | 0.671 | 1.457 | 1.314 | 2.128 | M9
1.457 | 2.128 | 1.457 | 2.128 | 1.457 | 0.643 | 0.643 0.643 | 1.463 | 1.457 | 1.457 | 0.671 0 1.457 | 0.643 | 0.643 | M10
2.948 | 2.948 | 2.948 | 2.948 | 1.634 | 0.643 2.305|1.634|2.277|2.277|2.948 | 1.491 | 1.491 | 2.277 | 1.491 | 2.948 | M11
2.94812.948 | 2.948 | 2.948 | 1.634 2.30512.305(2.305|2.948|2.948 | 2.948 | 2.305| 1.491 | 2.948 | 1.491 | 2.948 | M12
2.94812.948 | 2.134 | 2.948 1.314 | 1.314 | 1.491 | 1.491 | 2.134 | 2.948 | 2.948 | 1.491 | 2.134 | 2.948 | 2.134 | 2.134 | M13
0 0.82 0 0 0 0 0.82 | 0.82 | 0.82 | 1.634| 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | M14
4.948 | 3.277 2.948 | 0.82 0 ]0.671|2.305|1.463| 0.82 |2.277(2.305|1.491|1.491|2.277|1.491]|2.134| M15
1.457 0 ]2.948|0.814 0 0 0.82 | 0.82 | 0.82 [2.948|1.634| 0.82 | 0.82 |2.277| 0.82 | 1.463 | M16
2948 | 0.82 |2.948|1.634| O 0 1.491| 0.82 | 0.82 |2.277|1.634|1.491| 0.82 |2.277|1.491 | 2.134 | M17
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M17 | M16 | M15 | M14 | M13 | M12 | M11 | MI0O | M9 | M8 | M7 | M6 | M5 | M4 | M3 | M2 | M1 -
0 0 0 1 0 0 0 1 0 1 1 1 0 0 0 0 Ml
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Abstract: Mechanized excavation of the large cross section tunnels in rock condition has some hazards.
Machine purchasing costs, fault zones, water inflows, squeezing, face instability, and etc. are some of the
hazards which may cause excavation stop for a long time. In addition to mechanized excavation advantages,
machine inflexibility in the complex geological conditions, high investment costs, technical, geometrical
and political risks are the major disadvantages. Due to the high investment costs in this method, assessment
and ranking the mentioned hazards are of a great importance. In this study, the tunneling risks of Alborz
Western Tunnel (AWT) has been investigated using the fuzzy multi criteria decision making methods. The
AWT in Tehran Shomal Highway is one of the major country project that considered to be excavated by
an EPB shield machine. By analyzing geological condition and survey of some specialist's point of view,
in this study, 17 possible hazards have been identified, and assessed by fuzzy TOPSIS and ELECTRE
methods. Results shown that insufficient experience in mechanized tunneling of the large diameter tunnel
and gas emission in the tunnel and investment and purchasing the machine are the most important risks in
the project.

Keywords: Risk ranking, Western Alborz Tunnel, Fuzzy multi criteria decision making, Fuzzy
ELECTRE, Fuzzy TOPSIS.
INTRODUCTION

Today mechanized tunneling methods compared to conventional methods due to the safety, high advance
rate, have been greatly considered [1]. But, on the other hand lack of experience in this kind of tunneling,
greatly increases the cost of the method. In this regard, risk assessment can help in anticipating of the
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conditions. Risk management, in many technical fields, has become the most important and effective tool,
and also has been used in the tunneling industry. Application of risk management should be cooperative,
so that, any parties engaged in the field must cooperate, including: project employer, project manager,
supervisor and contractors [2].

Risk can be defined as an events which occurs in a period or in a specific situation and risk would be zero
if just one event happened. If there is more possibility of events, then risk will not be zero. Risk analysis
tries to answer the following questions: - what event is going to happen? - how is the possibility of an even
occurrence? - in the case of any events, what would be the results?

Considering the huge and rapid advancement in the mechanized tunneling, road construction technology,
and mega machines, and also geological difficulties, managing this type of projects are challenging. Risk
management is one of the stages in the project managements; and because of unknown nature of tunneling,
and making the best use of the resources, is very important. With respect to the limited numbers of large
cross section TBM projects, Alborz Western Tunnel (AWT) is one of the most important projects in IRAN.
The tunnel cross section is more than 100 m?, so it is necessary to clarify and rank all the risks. This study
trying to rank all the risks in the project classified as geotechnical, investment, technical, political and
geometric, using fuzzy multi criteria decision making methods.

METHODOLOGY (fuzzy multi criteria decision making methods)

This refers to some decision making technics that analyse the possible solutions based on the one criteria
to rank the risks [3,4]. First, different risks must be identified and analysing criteria must be chosen, then using
one of the decision making technics such as: TOPSIS, AHP, ELECTRE etc., risk assessment should be treated.
In the following, two employed methods of Fuzzy TOPSIS and Fuzzy ELECTRE are briefly discussed.

-Fuzzy TOPSIS:

In one multi criteria decision making problem including, n criteria and m option, to select the best choice
by the method, the following steps to be done.

Step 1: decision matrix formation -step 2: dimensionless decision matrix -step 3: weight vector
determination of criterions -step 4: weighted dimensionless decision matrix determination -step 5: finding
of positive ideal solution and negative ideal solution -step 6: calculating of distance from positive ideal
solution and negative ideal solution -step 7: calculate of resemblance indicator -step 8: ranking of the
options.

-Fuzzy ELECTRE:

The steps of the fuzzy ELECTRE method proposed by Hatami-Marbini and Tavana are as follows:

Step 1: fuzzy decision matrix formation -step 2: normalization of decision matrix —step 3: formation
of weighted normal matrix —step 4: calculates the distance between both options —step 5: formation of
agreeing complex and consent matrix —step 6: formation of agreeing Boolean matrix —step 7: formation
of dissenting complex and contrariness matrix —step 8: formation of dissenting Boolean matrix —step 9:
formation of final matrix —step10: ranking of the options [5].

FINDINGS AND ARGUMENT

In order to rank the risks in the AWT project, after studying the geological and tunnel design reports, and
survey of the some specialist’s point of view, there were 17 hazards in the project, including geotechnical,
investment, technical-environmental, political and geometric risks, were identified for ranking the
mechanized tunneling risks in the project, which are stated in Table 1.

1- Ranking of AWT Risks by Fuzzy TOPSIS Method

Risks ranking by the fuzzy TOPSIS method is shown in Figure 1:

2- Ranking of AWT Risks by Fuzzy ELECTRE Method

Risks ranking is obtained from the fuzzy ELECTRE method is shown in Figure 2.

Reaching to the unified viewpointd in AWT risks ranking by the mentiond methods, strategy technic has
been used. This technique includes: ranks mean , brada, copyland, and merge step.
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Table 1. Identified possible risks in mechanized tunneling of AWT

Risk Risk

MI10 Raveling & Rock fall Ml Swelling

Ml11 Purchasing of TBM and related equipment M2 Water inrush

M12 | Experience of contractors for large diameter tunnels | M3 Karst cavities

M13 Carrying of large TBM parts M4 Toxic gas emissions

Ml14 Supply of electricity M5 Fault zones

MI15 Sanctions for TBM purchases M6 Instability of walls and face

Ml16 Excavation of parking, sos and etc. M7 Joints spacing

M17 Tunnel length and diameter M8 Hard and abrasive rocks
M9 Squeezing

Risk level

A EEEB
EEEEEEER
Ml M2 M3 M4 M5 M6 M7 M8 M9 MI10 Mll MI2 MI3 Mi4 M15 M16 M17
Figure 1. Ranking of risks by Fuzzy TOPSIS method

Risk level

Figure 2. Ranking of risks by Fuzzy ELECTRE method

CONCLUSIONS

In this study, according to the collected data, risk assessment was conducted to identify potential risks of
the AWT. Finally, with the help of Fuzzy ELECTRE and FUZZY TOPSIS methods, the risks were ranked.
Results shown that insufficient experience in mechanized tunneling of the large diameter tunnel and gas
emission in the tunnel and investment and purchasing of the machine are the most important risks in the
project. And three hazards including: joints spacing , the risk of rock falls and supply of electricity, were
respectively the least risky items.
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