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The Risk Factor Analysis of Power Line Tunnel Using the AHP Method in Construction Stage
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Abstract

In this study, the risk factors which derive from the ground condition of typical construction sites are put forward. In order to
prioritize the risk elements, the analytical method of AHP was used. The result of using a weighting factor for each risk analysis
showed that if the constituency index is less than 0.1, then reliable results and priorities for each of the risk elements can be
calculated using the AHP method. From now on, if the range of measured value can be established, the risk or safety value of

concrete structures for power lines can be applicable.
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2.1.1 Semi-shield TBM
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Fig. 1 The step of AHP analysis
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shield TBM excavation report N
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3.1.1 AF5 AEEA 4

Semi-shield TBM¥} Shield TBM ¥5¢] &g Al5&d%
N AFEE= AR 2 “TBM 4144 2 Shield TBM
=Y R (Fig. 2, Fig. 3)7F YRb&Ql 202 yts|glon,
ole] whe} - AelM= 7] EAE EATeEMN 58 Tt
27} Sl HlolHE AEsiSick TMB 3 thde= HF
AHE 9 AEL2 semi-shield TBMOA %Z“\V} 9] 137) &

% shield TBMelA Z2AET 9] 147] &0t} (Table 1).
NATM & tdo = <upd 37 9 face mapping’

Table 1 Output data of TBM tunnel in construction stage

Fig. 3 TBM working state report

(Fig. 4) AA=E Aoz 2 Ayl a8§ 77} 9
tlolEE Adsiglon] HE AEE Holes v
oA FAPE-E BlEste] 1271 34, face mapping©l|A 3
tlolE] 2] 97§ &olt} (Table 2).
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3.1.2 A Hof ¥ CTQ 4
CTQ (Critical to Quality)¥ F3 ¥]sfjoFst F49] 34
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excavation method data

construction data

semi—shield TBM TBM working state report

excavation time, excavation certain, segment Installation certain, filling certain, repair item/time,
excavation pressure (bar, KN), motor load (torqup), working requirment (Model, Worker), excavation
quantity (m), amount of blast tube, amount of medium pressure, laser state, Ect.

shield TBM

project Name, date, ring No., cutter rotation speed (RPM), cutter rotation prussure (MPa), shield
shield TBM excavation report | jack, stroke, excavation speed (mm), thrust (kN), pressure (MPa), clearance assembly before/after,
pitching, rolling, excavation time, assembly time, significant
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Table 2 Output data of NATM tunnel in construction stage
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excavation method Data

construction data

NATM method

tunnel face observation diary

construction name, STA section, obervation diary, point load strength, uniaxial compressive
strength, RQD (%), joint spacing, joint state, groundwater state, discontinuity orientation, RMR class

face mapping

face mapping data, rock mass, groundwater, joint, crack, strike/dip angle, weathering degree, tunnel
face image, rock mass pattern, operator supervisor

Table 3 Standard CTQ of NATM tunnel

type standard CTQ measuring period record method evaluation standards measure position

survey precision linear 1 time/week value coordinate = 2cm tunnel head part
ventilation oxygen concentration 1 time/week value + 3% "

Blast gunpowder amount 1 time/week value plan Amount = 10% -

" vibrate velocity 1 time/week value < Plan Amount adjacent facilities
Survey surface sinkage 1 time/week value specification standard = 5% tunnel head part
water proof sleet connection air test 1time/40m value 0.2MPa £ 20% span randomly point

excavation 1st Lining 1 blast 0x immediately

Table 4 Standard CTQ of Shield TBM Tunnel

working types standard CTQ measuring period record method evaluation standards measure position
opperator opperator management 1 time/week value 100 = 10
survey precision linear 1 time/week value coordinate point * 2cm segment assemly edge
ventilation oxygen concentration 1 time/week value 21 £ 3% operating room
excavation soil volume 1 time/week value soil volume in section * 5% tunnel entrance
excavation groundwater salivate in tail seal 1 time/20 amounts value above 5cm in hydrophilic waterstop tail seal region
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Table 5 Standard CTQ of Messer—shield Tunnel

work types standard CTQ measuring period data type evaluation standards measure position
survey linear accuracy 1 time/week value coordinate point £ Z2cm messer instrusion

ventilation oxygen concentration 1 time/week value 21 + 3% tunnel head part
Survey surface sinkage 2 time/week value specification standard £ 5% "

water proof sleet connection air test 1 time/40m value 0.2MPa £ 20% span randomly point

excavation obstruction below face management 1time/buried object 0xX face Spﬁi;ntsﬁzﬂag;;nij:;avatlon

Table 6 Standard CTQ of Semi—shield TBM Tunnel

working types standard CTQ measuring period | record method evaluation standards measure position
opperator opperator management 1 time/week value 100 £ 10
survey precision linear 1 time/week value coordinate point £ 2cm tunnel head part
ventilation oxygen concentration 1 time/week value 21 * 3% operating room
excavation slurry pressure of excavation face 1 time/50m value natural water pressure + 0.1~0.15kg/cm’
excavation soil volume 1 time/10m value design amount = 10%

Table 7 Selected risk factors along construction method

excavation method data

risk analysis parameter

TBM working state report

excavation time, excavation speed (mm), excavation pressure (bar, KN)

semi—shield TBM
standard CTQ

slurry pressure of excavation face, soil volume, precision linear

shield TBM excavation repor

excavation speed (mm), thrust (kN), excavation time

shield TBM
standard CTQ

precision linear, soil volum, groundwater salivate in tail seal

tunnel face observation diary | RMR class

NATM
standard CTQ

precision linear, surface sinkage, underground hole displacement, variation of rockbolt axial force

messer—shield standard CTQ

precision linear, surface sinkage, obstruction below face management
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Table 8 Example of pairwise comparison between evaluation items (Semi—shield TBM)

slurry pressure of excavation face soil volume precision linear | excavation speed excavation time thrust
slurry pressure of excavation face 1 0.3 0.3 0.5 0.5 0.5
soil volume 3 1 1 0.5 0.3 0.5
precision linear 3 1 1 0.3 0.3 0.3
excavation speed 2 2 3 1 3 2
excavation time 2 3 3 0.3 1 1
thrust 2 2 3 0.5 1 1
Table 9 Example of pairwise comparison between evaluation items (Shield TBM)
groundwater salivate in tail seal soil volume precision linear | excavation speed excavation time thrust
groundwater salivate in tail seal 1 1 2 0.5 0.3 0.5
soil volume 1 1 0.5 0.5 0.5 1
precision linear 0.5 2 1 0.3 0.5 1
excavation speed p 2 3 1 3 2
excavation time 2 2 0.3 1 1
thrust 1 1 0.5 1 1
Table 10 Example of pairwise comparison between evaluation items (Messer—shield)
surface sinkage obstruction below face management linear accuracy
surface sinkage 1 0.3 0.5
obstruction below face management 3 1 1
linear accuracy 2 1 1
Table 11 Example of pairwise comparison between evaluation items (NATM)
surface sinkage | Underground hole displacement | precision linear | variation of rockbolt axial force | RMR rating
surface sinkage 1 3 1 2 2
Underground hole displacement 0.3 1 2 1 1
precision linear 1 0.5 1 2 1
variation of rockbolt axial force 0.5 1 0.5 1 0.5
RMR rating 0.5 1 1 2 1
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