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This research aims to define influence factors to perform an optimized section design and evaluate tunnel collapse risk during
construction using Delphi technique. A total of five upper classification systems were constructed through literature review, per-
vious research analysis, and brainstorming of expert group for establishing influence factors. The 1%, 2%, and 3™ Delphi survey
process was proceeded by panel group which is consisted 21 experts to prevent errors and bias in the expert judgement process. In
Delphi 1% survey, a total of 22 influence factors candidates were derived through open-ended questionnaire. In Delphi 2™ survey,
questionnaire was proceeded based on 7-point Likert scale method. In order to verify the validity, CVR (Content Validity Ration)
analysis was performed to exclude inappropriate candidates. In the 3™ survey, verification of influence factors was proceeded once
more with the result of 2™ survey, and lastly, a total of 14 influence factors was derived by CVR and COV (Content Validity
Ration) analysis for response of experts.

Key words: Tunnel, Delphi technique, Influence factor, Tunnel collapse risk, CVR (Content Validity Ration), COV (Coeftficient
of Variation)
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Expert

- Panel recommendation committee selection
- Expert panel and expert selection by recommendation committee
- Structuring the final 5 main hierarchies through previous studies and

related case research followed by brain storming of expert panel

!

The 1" survey

+ Open-ended questionnaire on each of 5 main hierarchy areas of evaluation

factors of collapse risk of tunnel construction

!

The 1" response analysis

- Response case classification on each question

-+ Integration and removal of similar questions

!

The 2™ survey

- Analysis on the survey of the final factors developed from 1

applying the 7-point Likert scale

* survey

!

The 2" response analysis

* Questionnaire development for the 3" survey excluding questions having

significantly low critically through CVR verification of scoring point

!

The 3" survey

- Each question’s importance analysis using 7-point Likert scale

N . d
- Verification of response on the 2™ survey

|

rd i - CVR verification
The 3™ response analysis .
- COV verification

Fig. 1. Research scope and procedure.
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Table 1. Career history of experts who participated in the Delphi survey.

Division Targetedf number of persons Number of participated panels
or sampling B ond 3rd
Bachelor 1 1 1 1
Master 12 12 12 12
Academic level
Doctor 8 8 8 8
Total 21 21 21 21
10 years ~ 15 years 0 0 0 0
Career years in 15 years ~ 20 years 12 12 12 12
related area 20 years or longer 9 9 9 9
Total 21 21 21 21
Table 2. The first Delphi survey result.
Main concept Sub concept
Joint face conditions
Rock mass strength
. . Adjustment for joint orientations
Geotechnical properties and shape —
Underground stress conditions
Joint face spacing
Ground grade (RQD/N)
Sectional shape
Excavation sectional area
Tunnel geometry conditions Depth ratio
Clearance to tunnel
Neighboring land use status
Groundwater inflow
. Groundwater level
Groundwater conditions .
Groundwater leak location
Groundwater source
Excavation method
. . Excavation efficiency
Excavation conditions
Advance
Bi-directional excavation status
Support pattern level
Support and reinforcement conditions Auxiliary method
Support and reinforcement time
B g Rz xHer BREh 7Aste] HFHoR 20le] Ads =EFsilen, e
Table 22} 7t}.
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gl mE F2A 94 W FH B P &
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AAEE HESIL e Zo=E ZAF HTH Ak = o

gk 28 g4 752 CVR (Lawshe, 1975)2 24
o

ME ek fUF, Aekedl, A 4F 9, ASE Sl AFSAAT. CVRS ZAVAR] HelR I Bk
FU 5 Hhe Ht el =EHReH, F2 B WHoeA Fosial ddeke HdEe] Bod BeTs
2ol 2hgehe FUeR e SAAP = GE S 7 O e fERlE A Ee 48 W7 Skt v
A e ARIER AL HoYE 23 UM E =3 Ae 7122 It F ojd 3ol Fasal S
W, 2HEE, S0, Y 2FAR T vl FrRkIA g 7t 50% ol W I EFE BREE o= FE 7t
2o| ==F9eH, Al R % B4 net 43S = A JHL E = S, Fasitl S Hd b
T e el BiE Jow AL HATh AR B B
7 220N e ARIARTE, By, AR 5 BRI Table 3. Minimum value of CVR according to number of pannel.
7] 5 N9 HrtdERIAEe] =EEHNeH, 2 a9 Number of pannel Minimum value of CVR
FAd e Bl R S nAEIEY HshiA, 714 Al 5 0.99
e iz)g el w2 Ao Jhde Feskes A 7 0.99
S5e sl ERE 10 0.62
13 0.54
M2xt dimlo] =AF & EMZAD 15 0.49
A2A dste] ZAlelAE 13 24 FHE & 227 20 042
o] W7l el WEANE ez 7 PAE 25 037
A2 Agslo] 7 oA Qv Ulak AR Assly 30 033
th. 7t Wyl o] thsk BhgA AU SalEt.on, 35 0.31
3 32} dufo] ZARIA A" HrFQASS TE5) 40 0.29
Table 4. The second Delphi survey results.
Main concept Sub concept Average Variance g;i?i?éi (50\2{1 ) Result
Joint face conditions 6.33 0.33 0.58 1.00 (0}
Rock mass strength 5.57 1.16 1.08 0.71 o
Ggfggzlggécsal Ground grade (RQD/N) 5.57 1.56 125 0.62 0
and shape Joint face spacing 5.33 1.63 1.28 0.62 o
Adjustment for joint orientations 533 1.73 1.32 0.62 (6]
Underground stress 4.90 1.19 1.09 0.33 X
Excavation sectional area 5.62 0.75 0.86 0.81 (0}
Sectional shape 5.00 1.60 1.32 0.33 X
Tunnel geometry [T = v 5.24 0.89 0.94 0.43 0
conditions
Adjacent clearance to the tunnel 4.90 1.29 1.14 0.33 X
Neighboring land use status 3.62 1.75 1.32 -0.52 X
Groundwater inflow 6.38 0.75 0.86 0.90 0}
Groundwater Groundwater level 5.38 0.75 0.86 0.71 0]
conditions Groundwater leak position 5.24 1.09 1.04 0.33 X
Groundwater source 4.95 1.25 1.12 0.33 X
Divided excavation method 6.05 0.85 0.92 0.81 (0}
Excavation Advance 5.95 0.75 0.86 0.90 o
conditions Bi-directional excavation status 4.76 0.79 0.89 0.14 X
Excavation efficiency 443 0.86 0.93 -0.05 X
Support and Support and reinforcement time 6.29 0.41 0.64 1.00 (6]
reinforcement Support pattern level 6.19 0.86 0.93 0.81 O
conditions 7\ iliary method 5.95 0.95 0.97 0.90 0




170 e

50%HTF A OoH S
A3 100% Pﬂ 1@ 0 1
7HIT CVRZ 4] ()&

ol F3, 50%Y wlE 0, 50%KC}
Aol 7k 100%Y w 19] ZHe
58 4 & 4 9l

n,—

SR>

CVR M

=

A71A, n, SHE A 5 N A e

o <K = A
S5 ouldit}, B3k Lawshe (19750 €% EHH*OH u}
2 g BES gud 5 s H4 CVRES ANEK
om, Table 39] W&} 2}
12} dlgo] ZAF BAAD ©2H F 2vle] Wil
A} BRI Ao R BAE TH 14,501] oA A
Tt om 44T Table 49 2tk $/09] H7HdF

e

F WA o

155 - R
AENESe] HEZ0) oA A B 3rol2 w=37] 93

EAo|t}. A3x}F o] ZAMAIAE
RS =3 oz el 7
W] AAGE SAE] flste] COvE A8
l FAks 2RACE AE7EES o] dAHE wEdt
Al ok, Wb 2ARPgolA o7e] dAF]o] mEHA
ezt b 7o MEdol AAY TawIt WA &
P2 AAAY AxzARE Bart Slrk. dnbEow
d3ke] sl e Brke WsATE A
ek %%74]‘1"] el 05 olatd A HH=rt
7F A o}, 08 olFd Agelle F71
ol 2o Ao J&%@E}(Rho, 2006).

3x} doto] F4A3 24} AN =EE F 1470
o] Hr1YIAAES e CVRLO] BF 04101302 &

A7t o

93

T2 ATd sk, %

l‘

e n:xl rﬂ H =

Hﬂ R

O
-

wol &

_|2i Hf 1 oo X &2 r{r
o

VA F27k CVR 24 ghol 041 VTR PATH A s} ol s Ao vepkor], Melw g,
o= B CVRGO] 041 UIT A5 Bl A Ask £2%, AR 2 B AN, ARAEFES
AU AFTE olft= Table 3& F=sto] ZANZAL CVRe] 1002 HAFH BE A7t 7H Fasi 2
o 7 2190 B-9] e SRS Tl 2T Ao #allol 3 AR Hrisiitk. 14719] 7RI W
ok A EARRE A, 22asdd dEire WeEE= AT 0.5 olskz FAHo] F7H] H&e] a8k &
Hlgo] &2 F4H AT T HdeAEe A% Wt o, Sue] g4 EF kol ] Pt grEg]
GYAAEA A} e R0 B B A2 g @ 4 ok
A dufo] 2AMEIE HFH R A0 ARgE F22He upehA] A|3E dsto] EARAS ] glor] EAjel AHg-E
Wrless & vlg A 14719 BAGIIAT 24 F 14709 WAIPAASS B Ao dule] HEeher
A gt & 5 e FHF WEIAE =E2EHA oleh #
date] A BAAIE Table 59 o] ] & ¢
M3zt dmo] =A X HF UGN EE Art.

A32p o] AR 22t dufo] AN =EE F 14 Table 6 & 32kl 73] dzte] ZAMEAE EHE HF
M) B7HdAIAE e fAE 77 H=E 283 How =2d v S E B9 EIA e tigk u&
HHE dEow g er 1, 22k Al Fofsiidd oty F k=l Azl due] AL Fshs B¢ 1A}
Table 5. The third Delphi survey results.

Main concept Sub concept Average Variance g;i?i?gi COoV (>COV fl) Result
Joint face conditions 6.48 0.66 0.81 0.13 1.00 Suitable

Geotechnical Rock mass strength 5.62 0.75 0.86 0.15 0.81 Suitable
properties Ground grade (RQD/N) 5.52 0.86 0.93 0.17 0.71 Suitable
and shape Joint face spacing 5.57 0.86 0.93 0.17 | 062 | Suitable
Adjustment for joint orientations 5.38 1.15 1.07 0.20 0.71 Suitable

Tunnel geometry | Excavation sectional area 5.57 1.26 1.12 0.20 0.90 Suitable
conditions Depth ratio 4.95 1.75 132 0.27 0.43 Suitable
Groundwater Groundwater inflow 6.52 0.46 0.68 0.10 1.00 Suitable
conditions Groundwater level 5.10 1.09 1.04 0.20 0.43 Suitable
Excavation Divided excavation method 5.86 0.63 0.79 0.14 0.90 Suitable
conditions Advance 5.95 1.15 1.07 0.18 0.71 Suitable
Support and Support and reinforcement time 6.29 0.61 0.78 0.12 1.00 Suitable
reinforcement Support pattern level 6.29 0.51 0.72 0.11 1.00 Suitable
conditions Auxiliary method 5.86 0.93 0.96 0.16 | 081 | Suitable
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Table 6. Tunnel collapse risk evaluation influence factors deduced through Delphi survey.

Main concept

Sub concept

Geotechnical properties and shape

Joint face conditions

Rock mass strength

Ground grade (RQD/N)

Joint face spacing

Adjustment for joint orientations

Tunnel geometry conditions

Excavation sectional area

Depth ratio

Groundwater conditions

Groundwater inflow

Groundwater level

Excavation conditions

Divided excavation method

Advance

Support and reinforcement conditions

Support and reinforcement time

Support pattern level

Auxiliary method
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