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Data | Number Degree Calculated Lower Upper Presence
of of statistic U confidence confidence of
failures freedom level level trend
TBFs 38 74 87.63 55.2 95.1 55.2 < 87.63<95.1
No trend
TTRs 38 74 60.19 55.2 95.1 55.2 <60.19 <95.1
No trend
Correlation Test on TBFs Correlation Test on TTRs
300 7
250 . 6 .
* ~~ 5
E 200 + ) 4 . :0
E1s0 | ° =
= . =3 + M
Ll * - * . 5 .
100 . = .
50 | : ¢ M d N 1 ’3“‘ . ¢
0 ":' o 0, “ * * 0 geee ‘3 . . .« *
0 50 100 150 200 250 0 2 4 6
(i-1)th TBF (i-1)th TTR (h)
Boold (535 32§y (S (33031 gulis :F S
Wools p cwlio @598 @b 8L (10 031 @6 :F Jaum
TBFs K-S test TTRs K-S test
Lognormal (3P) 0.08118 Gamma (3P) 0.13218
Exponential 0.08586 Weibull 0.13239
Weibull (3P) 0.08916 Lognormal (3P) 0.13569
Exponential (2P) 0.08974 Exponential 0.1401
Gamma 0.09043 Weibull (3P) 0.14969
Best fit Parameters Best fit Parameters
Lognormal (3P) o =093 Gamma (3P) a = 0.65
u=379 L =158
y =—4.69 y =0.17
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' Earth pressure balance tunnel boring machine (EPB-
TBMs)

" Back up

¥ Utilization factor

" Deccan

® Rock Mass Rating System

* Rock Engineering System

¥ Reliability, Availability, Maintainability
* Times between failures (TBFs)

* Time to repairs (TTRs)

' Steady state availability

" Inherent availability

'" Mean Time Between Failure

' Mean Time To Repair

'" Access time

'* Diagnosis time

' Verification and alignment

" Chamber

" Segment

'* Erector

" Connecting beam

" Trend test

" Serial correlation test

" Non-Homogenous Poisson Process (NHPP)
" Branching Poisson Process

" Independent and Identically Distributed (iid)
” Renewal process

" Chi-squared

" Kolmogorov - Smirnov

™ Preventive maintenance

™ Mean time to repair

™ Mean time between failures
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