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A preliminary study on the use of analytic hierarchy process for selecting a
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ABSTRACT: There have been high demands for urban underground structures. However, they should be rapidly constructed
while maintaining the functions of adjacent structures and road systems especially in urban areas. In this respect, trenchless
excavation methods are considered to very effective in minimizing ground displacements during excavation works. A
variety of field conditions such as economic, technical and environmental aspects should be taken into consideration when
an optimum trechless excavation method is to be chosen in a given condition. Therefore, this study aims to carry out a
fundamental study to select an optimum trenchless excavation method by the decision making technique. Especially, AHP
(Analytic Hierarchy Process) which is a kind of a multiple attribute decision making process is adopted to consider the
opinions of experts and to derive reliable decision criteria. As a result, the weights of key factors and the most effective
trenchless methods for different ground conditions were proposed in this study.
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2. AIZE8AH (Analytic Hierarchy
Process, AHP)
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0 A
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(Ratio Scales)Z E3}F 9410
Ay HSS 5oto] gt
Fe mofglt olgt EAS
4% (Hierarchier), A4 Q%= % (Priorities), +=
2|2 L3 e] 7-X|(Consistency)7} B a3}t o] 7]
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%, ASE AH|nE Fol ARl FeEE A4
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7geic}. AHP 7|R59] AfRlali=n x n PER =,
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Table 1. Scale for Pair-Wise Comparisons (Saaty, 1980)

B A S99 dEdS H5RIcK(Saaty, 2000).

A WA A= A 2 AR ol Al
ES e AdRlaels 1~99 1 5+
(Scale)o] ARE-EITKTable 1). the WA= 712 4
Al A=Y Bl e tieke =53tk At
-5 AF=S ASs] s A e
(Consistency ratio, CR)-S 755}, o]7]A], Az
Ql A= -G E(Theory of Eigenvector)S
olg3slo] TRE=E ]It olE S9, Al Hla 3
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(A=A X DXw=0 1)

AR Aoy &F ALFAHE w0 = (w, w9, w0,) & T
st7] fleiA 7 Al 71 e Tk A el
o492 24 4 glckSaaty, 2000).

) vl SRl WS e Bl o]
oo, Ao Aebde sk flsliale Y
H]-&(Consistency ratio)©| I Q3}ch AHP 7oA
L oApye @%b SishH @E A|4Random
Index, RI)2} &3A] X]4x(Consistency Index, C)&
ARESHCHTable 2).

Relative intensity Definition Explanation
1 Of equal value Two requirements are of equal value
3 Slightly more value Experie.nce slightly favors one
requirement over another
. Experi ly f
5 Essential or strong value xperience strongly favors one
requirement over another
7 Very strong value A requirement is strongly fav.ored anr':l its dominance is
demonstrated in practice
The evidence favoring one over another is of the highest
9 Extreme value . .
possible order of affirmation
2,4,6, 8 Intermediate values between two adjacent judgments When compromise is needed

Table 2. Consistency indices of randomly generated reciprocal matrices (Saaty, 2000)

Order of matrix | 1, 2 3 4 5 6 7

8 9 10 11 12 13 14 15

RI value 0 0.58 0.9 1.12 | 1.24 | 1.32

1.41 145 | 1.49 148 | 1.56 | 1.57 | 1.59

687



ZFHE0 450 M0 o]ds0 271¢-
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Composition of a questionnaire for trenchless
excavation methods

\/

’ Survey for experts ‘
U

’ Analysis of survey results ‘

\

’ Derivation of an optimum method in a given condtion ‘

Fig. 1. Procedure for selection of an optimum trenchless
excavation method
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Selection of an Optimum Trenchless Excavation Method W

- Economic - - Technical Environmental
Criterion ’ Feasibility ’ Applicability Constructability Aspect ’ Effect

) Water Level

. I ctions i mixed Cover i Accuracy Utility lines || Sumounding

SubCriterion Soil Rock And Or Structures

Cost per meter -face Depth Waterproof L
Perfo Reliability Etc Effect
mance
. Steel pipe Micro-tunneling Rock-Splitting Partial-face
Alternatives injections method Method Excavator

Fig. 2. Hierarchical Classification of trenchless underground excavation methods
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Table 3. Pair-wise comparisons among considered criteria
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Hsto] ARt AuATle] tfsle] 57119]
Bl ohh A $AE9s 284(27.5%),
ZAAI19.6%), A153(19.1%), B3 FZH17.1%), 7]
£49(16.8%) %02 LpEPdh AAI&el 23R}
AL FHe] A HgAdo] /M Fasktia g7}
Bk w7 Aol Bet A
ARLe] Aol Brlr1ze] Aha St A
2B2.7%), 714:43(19.9%), B3 FTH19.2%), X154

3l Qckar

Criteria Economic feasibility Applicability Constructability Technical aspect |Environmental effect
Economic feasibility 1 5 5 7 3
Applicability 1/5 1 5 1/5 173
Constructability 1/5 1/5 1 5 1/3
Technical aspect 1/7 5 1/5 1 177
Envifr:?gnaental 13 3 3 7 |
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Table 4. Summary matrix for alternatives by taking different criteria into consideration

Economic feasibility 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 7 5 0.688 0.409 0.530 0.788 0.604
2 Micro-tunneling 1/9 1 1/5 1/7 0.076 0.045 0.015 0.023 0.040
3 Rock-Splitting Method 1/7 5 1 1/5 0.098 0.227 0.076 0.032 0.108
4 Particial-face excavator 1/5 7 5 1 0.138 0.318 0.379 0.158 0.248
Constructability 1 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 5 7 7 0.673 0.795 0.461 0.350 0.570
2 Micro-tunneling 1/5 1 7 7 0.135 0.159 0.461 0.350 0.276
3 Rock-Splitting Method 1/7 1/7 1 5 0.096 0.023 0.066 0.250 0.109
4 Particial-face excavator 1/7 1/7 1/5 1 0.096 0.023 0.013 0.050 0.046
Constructability 2 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 7 9 3 0.630 0.820 0.450 0.417 0.579
2 Micro-tunneling 1/7 1 5 3 0.090 0.117 0.250 0.417 0.218
3 Rock-Splitting Method 1/9 1/5 1 1/5 0.070 0.023 0.050 0.028 0.043
4 Particial-face excavator 1/3 1/3 5 1 0.210 0.039 0.250 0.139 0.159
Applicability: Soil 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 5 9 7 0.688 0.799 0.346 0.462 0.574
2 Micro-tunneling 1/5 1 9 7 0.138 0.160 0.346 0.462 0.276
3 Rock-Splitting Method 1/9 1/9 1 1/7 0.076 0.018 0.038 0.009 0.036
4 Particial-face excavator 1/7 1/7 7 1 0.098 0.023 0.269 0.066 0.114
Applicability: Mixed-face 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 /5 5 5 0.156 0.138 0.227 0.380 0.225
2 Micro-tunneling 5 1 9 7 0.781 0.688 0.409 0.533 0.603
3 Rock-Splitting Method /5 1/9 1 1/7 0.031 0.076 0.045 0.011 0.041
4 Particial-face excavator 1/5 1/7 7 1 0.031 0.098 0.318 0.076 0.131
Applicability: Rock 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 1/3 1/3 1/5 0.100 0.036 0.071 0.115 0.081
2 Micro-tunneling 3 1 1/3 1/5 0.300 0.107 0.071 0.115 0.148
3 Rock-Splitting Method 3 3 1 1/3 0.300 0.321 0.214 0.192 0.257
4 Particial-face excavator 3 3 1 0.300 0.536 0.643 0.577 0.514
Technical Aspect 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 1/5 7 5 0.158 0.130 0.438 0.417 0.285
2 Micro-tunneling 5 1 7 5 0.788 0.648 0.438 0.417 0.573
3 Rock-Splitting Method 1/7 1/7 1 1 0.023 0.093 0.063 0.083 0.065
4 Roadheader 1/5 1/5 1 1 0.032 0.130 0.063 0.083 0.077
Environmental Effect 1 2 3 4 Normalized matrix Scores
1 Steel pipe injections 1 1/7 5 5 0.119 0.093 0.417 0.417 0.261
2 Micro-tunneling 7 1 5 5 0.833 0.648 0.417 0.417 0.579
3 Rock-Splitting Method 1/5 1/5 1 1 0.024 0.130 0.083 0.083 0.080
4 Particial-face excavator 1/5 1/5 1 1 0.024 0.130 0.083 0.083 0.080
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Table 5. Calculated Criteria for Underground Structure Construction Method

Criteria Design Engineers Construction Engineers Academic field Total Rank
Economic feasibility 0.11 0.09 0.46 0.20
Applicability 0.33 0.32 0.14 0.28
Constructability 0.17 0.27 0.12 0.19
Technical Aspect 0.20 0.19 0.09 0.17
Environmental Effect 0.19 0.13 0.19 0.17
Total 1.00 1.00 1.00 1.00

Table 6. Calculated weight for each alternative as a trenchless excavation method

Alternative Economic Applicability (0.28) Constructability |Technical Aspect| Environmental
Feasibility (0.2) | Soil | Mixed-face |  Rock (0.19) (0.17) Effect (0.17)
Steel pipe injections 0.421 0.502 0.327 0.072 0.399 0.246 0.255
Micro-tunneling 0.144 0.273 0.444 0.297 0.385 0.428 0.426
Rock-Splitting 0.161 0.087 0.088 0.281 0.092 0.143 0.192
Method
Particial-face 0.274 0.139 0.140 0.351 0.124 0.184 0.126
excavator
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M Rock-Splitting Method
M Particial-face excavator

(b) Mixed-Face

Fig. 3. Combined weights for each alternative at different
ground conditions

(1M
rhl

AP MR 22 Ak
HBEAF, vho|AZE AT, YukF, 1
FHEATNE ez ASAINE 984 o
AR R A1 2A7E St
FARY BRI SN ARG AFASS
HPAEEE AR GlolH FEAOE M4
HE 02 of7|1 glglont 3| BEAEE A
A2 SAASHE 2he AR Azl 2HIg
% Gk 249) AN E AARET ABAES

27} 714k A3 AAA HEr} e oA

A| 3L
o

by
o

Zo

| =
U=

4

sl Aled WS Rl Jlsel
Q1 Zwist A3e] golie B BlShL Gl Ao

692

2 BRIsgich BAERe] FH A
8491 ULV} 1Y A B
syomye w54 7 FUE 1EAE
A, uwﬂﬂa—% R oz A8
ARIOIAE RS 9P 71 S
N RIS REL]

ik

\:O

E
F—.~‘

oo
N
)

e

_r]zs]- 7|Z22 el
glon, F9ofx= ot

Eﬂol‘ﬂ"ﬂ gt FARE
A AE7E oA l:]—._,_gl- EJ—L} Zro] thokst Wt
71 St Ele] A gtoz A Kot gEjAel oAt
AN AAEE AT Algol Qi

Wi 2

2 =2 A7 s AT A A
oJo] “A|Ua] . 7|8k QL E R SmEt 1l oFA3}
715 N A9 A He WU

References

. Alpay, S., Yavuz, M. (2009), “Underground mining
method selection by decision making tools.”,
Tunnel. Underg, Vol. 24, Issue 2, pp. 173-184.

. Bieniawski, Z.T., Tamames, B.C., Fernandez,
JM.G., Hernandez, M.A. (2006), “Rock mass
excavability indicator: new way to selecting the
optimum tunnel construction method.” In:ITA-AITES
World Tunnel Congress&32nd ITA General Assembly,
Seoul, Korea.

. Boshkov, S.H., Wright, F.D. (1973), Basic and
parametric criteria in the selection, design and
development of underground mining systems,
SME Mining Engineering Handbook. SME-AIME,
New York.

. Cheng, C-H. (1997), “Evaluating naval tactical
missile systems by fuzzy AHP based on the grade

value of member ship function.”, European Journal



7o) whey ARS A% AZEAEe) Heo) B 7)2AT

10.

I1.

12.

13.

14.

15.

of Operational Research, Vol. 96, Issue 2, pp.
343-350.

. Cheng, C-H., Yang, K-L., Hwang, C-L. (1999),

“Evaluating attack helicopter s by AHP based on
linguistic variable weight.”, European Journal of
Operational Research, Vol. 116, Issue 2, pp. 423-
435.

. Dyer, J.S., Wendell, R.E. (1985), “A critique of

the analytic hierarchy process.”, Working paper
84/85-4-24, Department of Management, The
University of Texas at Austin.

. Einstein, H.H., Dudt, J.P., Halabe, V.B., Descoudres,

F. (1992), “Decision aids in tunneling-principle
and practical application.”, Monograph. Swiss
Federation Office of Transportation.

. Hartman, H.L. (1987), Introductory Mining Eng-

ineering, John Wiley, New Jersey.

. ITA (2000), Recommendations and Guidelines

for Tunnel Boring Machines (TBMs). ITA-AITES
Working Group No. 14.

Korea Expressway Corporation (2012), Expressway
Construction Guide Specification (Civil).

Korea Rail Network Authority (2012), Guide Spec-
ification for High Speed Railway Construction
(Subbase volume).

Kourosh Shahriar, Mostafa Sharifzadeh, Jafar
Khademi Hamidi (2008), “Geotechnical risk assess-
ment based approach for rock TBM selection in
difficult ground conditions.”, Tunnelling and Under-
ground Space Technology, 23, 318-25.
Laubscher, D.H. (1981), Selection of Mass Unde-
rground Mining Methods, Design and Operation
of Caving and Sublevel Stoping Mines. SME-AIME,
New York.

Levary, R.R., Wan, K. (1997), “An analytic hierarchy
process based simulation model for entry mode
decision regarding foreign direct investment.”,
Omega, Vol. 27, Issue 6, pp. 661-677.
Miller-Tait, L., Panalkis, R., Poulin, R. (1995),
“UBC mining method selection.”, In: Proceeding
of the Mine Planning and Equipment Selection

Symposium, pp. 163-168.

693

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Ministry of Land, Infrastructure and Transport
(2009), Tunnel Standard Specification.

Ministry of Land, Infrastructure and Transport
(2012), Road Design Ceriteria.

Ministry of Land, Infrastructure and Transport
(2013), Railway Design Criteria (Subbase volume),
Korea Rail Network Authority.

Morrison, R.G.K. (1976), AW Philosophy of Ground
Control, McGill University, Montreal, Canada.
Nicholas, D.E. (1981), Method Selection - A
Numerical Approach, Design and Operation of
Caving and Sublevel Stoping Mines. SME-AIME,
New York.

Nord, G., Stille, H. (1988), “Bore and blast tech-
niques in difficult types of rock: Sweden’s
experience.”, Int. J. Tunnel. Underground Space
Technol. Vol. 3, No. 1, pp. 45-50.

T.L. (1980),
Process, New york, McGraw- Hill.

Saaty, T.L. (2000), Fundamentals of Decision
Making and Priority Theory with the Analytic
Hierarchy Process. RWS, Pittsburg.

Shim, J.P. (1989), “Bibiographical research on

the analytic hierarchy process.”, Socio-Economic

Saaty, The Analytic Hierarchy

Planning Science, Vol. 23, No. 4, pp. 1-25.
Singpurwalla, N., Forman, E., Zalkind, D. (1999),
“Promoting shared health care decision making
using the analytic hierarchy process.”, Socio-
Economic Planning Science, Vol. 33, Issue 4, pp.
277-299.

Vargas, L.G. (1990), “An overview of the analytic
hierarchy process and its applications.”, European
Journal of Operational Research, Vol. 48.
Vincent S. Lai, Robert P. Trueblood, Bo K.
Wong (1999), “Software selection: a case study
of the application of the analytical hierarchical
process to the selection of a multimedia authoring
system.”, Information & Management, Vol. 36,
Issue 4, pp. 221-232.

Zahedi, F. (1986), “The analytic hierarchy process:
a survey of the method and its applications.”,
Interfaces, Vol. 16, July-Aug, pp. 96-108.





