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Initial costs l Follow-up costs

Phases Construction I Maintenance Operation
3 ¥ =
Dresign Installation Servicing and Repair Improvementand | Hectricity and water supply
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New construction Operation incl.
Case 1: - : : :
e design + build maintenance/repair
Operation Repair design + | Operation incl.

Case 2: : : § ;
= structure implement i maintenance/repair

Start of lifecycle Planned
consideration recycling

Lifecycle-based tunnel management
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Design phase Lifecycle costs (LCC) analysis RankingR
Initial costs (IC) | Follow-up costs (FC) o LCC
Design + build use B
P
=T
Ic, FC, EELCC R
g8
Ic, FC, EELCC, R
c, re, licc] or,
# Calculation run o
Requirement: Influences: Ranking supports
All variants must fulfil = Purchasing costs decision making
the same tunnel function || = Service lives of individual components
= Maintenance strategies
&
7 / 7 /
5 §
7 /1! 7
H H) 7 * 7 > >
] / 7 ?)
/ 7 ! >
1 ) 6 7 1 1
> ! 7 )
7 ) /7
)
7 7 77 >
7 7")
> 6 7 A
/ / / > > A
> ) > &




37 7
! )
/ 6
1 7
B
>
) >
@ 7
7/
1
)
7 1 @ 7
7) 5 7
/)
@
1
7/
/7 /
7 >
5 /
/ 5 7

—+(+)

,AA

5

37



Life cycle [a]
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[lInvestment costs
o M Follow-up costs according to ABBV
[CJFollow-up costs according to reduced
average useful life
[€]
( ) E
R }
E / 7 >
7 ! > > ) 6
)]
> ! ) 5 7
7 ! /7 7 7 )
! 5 / 7 / 95> )
37 /7 > 37 7
> )5 ! 7/ 7
> «
! HHH T 6
) > 1> 0 17
7 ) 5 @ 7 7 5 @
) 7 37 1 5 7 /
37 7 7 >
) / >
> > > 7 7 6
> / 7
G+ =) 9 - )89 =-+A) (
« -t(+)  LA-




/ )5 > 2 7
/07 ) )
> >
> 7 ) 5 7 @ 7
7/ 7/ > 7 5 @ 77 = 2(+*(
1 > 1 5 5 >) 1/
Fo7/ 7 ¢ 7 / @ 7 )
)5 > 1+ @+ / )
> -+/ @ 7 / ! 7
> > / 7
7 > 7 /
z ! 7 > ) > 3
> >
2 7 > ) 1
$
@ 7 7 7 ) )
> 7 5 F 37 F7
F 7 F )
/7 3 > )
F r > /
/ > 5
37 37 ) 3 > 7 / ! 7 )7 7
7 1 > 7 7 7 1 1 /
7 7 7 7 /7
6 3 7 7
1/ ! 7 ! 7 / 7 5
7 7 7 7 1 5 7
B 1 37 / >
2 7 > /
> @ 7 7 ) J
5 37 )
@ 7 7 > 7
/ @ 7 ' 6 1 (
/ x
> 5 / 1
) ! 5
@ 5 37 / 7 5
) > 1/ >
> @

G =2



> > 2
2 > ) 5 ! >
@ 7 $
8 /)
> 1 )
> 7
) 7
/ > !
/7 >
70 /71 ) 7 [
1 6 7
z J
37 S
> 7 7 77 7
7 1> 5 )>
37 > 5 7
> / 7 >
$
7 ! g
77 / 1/ /)5 >
7 / 07 5 @
) 7 C > /
0 7 3 7
/ 7 > -
1/ > -++A 7
) 5 @ 5 /
) > 1 ) > > // ! ! —++?
7 / >
>
#
> CYHAG)GIAQ)-+ 6
! > 0 7 7 )5
(? IE CK = -+(*)
¢ -+(+

- E -+(?
(A # C —++"
¢ —++"

a 2 -+("
- &C (111

8 —++"

(+



>

7

37

((



>
) ) ]
Sources
Service lives for the equipment of road tunnels CH AT UK
PIARC
Module ABBV Vogt SN Welte RVS DMRB
Entrance lighting
Inner tunnel lighting 20 20
Lamps 2530 18
Ballasts 15-20
Lighting of cross passages/escape routes 20 20
Control/i ion/i i ion 12 10-15 15
Brightness measurement
Mechanical longitudinal ventilation
Jet ventilators 35 2025 18
Mechanical parts of jet ventilators 20
Electro-mechanical parts of jet ventilators 20
Extraction through controllable dampers and separate extract duct 35
Ventilation dampers 15-20
Axial fans 2530 30
Mechanical parts of axial fans 30
Electro-mechanical parts of axial ventilators 20 10
Noise dampers 30-40
CO measurement 12 20-25 15 13
Visibility measurement instruments 12 2025 15 15
Regulation/control 10-15 15
Flow measurement 20
Static iraﬂ"lé sl‘gns 20 'm ;
Variable light signals 10 14
Variable traffic signs
Variable signage control 10 14
Height controls 10-15 10 15
Traffic data recording 10
Barriers (closure barriers) 20 15
Permanent light signals 20-25 10 14
Variable direction signs | 20-25 15 14
Measurement equipment 5-10
_Lungjtudinal speed measurement 15
Induction loops 13
Safety systems 20 148
Escape route signage 20 10
Orientation lighting 10
Guidance systems 15
Fire alarm systems 20-25
Manual fire alarm system 15
Fire detection 5-10 5
E Fire alarm system (cable) 20 20
3 Fire alarm system (control) 10
g‘ Fire fighting systems
g Hand fire extinguishers 10-15 20 ]
'E Extinguishing water supply - 20
£ Pressure raising plant 20
e Hydrant 50 4050 28
Stationary firefighting plant 20
Firefighting and binder stocks 20
Communications equipment
Emergency call system 20 15
Emergency telephone (S0S niches) 2025
Emergency exit doors into the lock 30
Video surveillance 15 10-15
Video systems 10
Camera 15
Monitor 10
Control equipment 20
Cable 20
Tunnel radio 20 15-20 15
Traffic reports/radio 0-5
Radio antenna cable 15
Loudspeaker system 15 20
Teleph landline) 15-20 20 15
Central plant 20
Electricity supply 20 20,1
Mains connection/supply 25-30
Medium voltage plant 25
Low-voltage switchgear 25-30 25 20
Low-voltage cable 0-5 40
Emergency power supply (UPS) 20-25 10-15 15 15
Batteries with acid filling 15 5
Batteries with gel filling 10
Emergency power generators 25 20
Cables and wiring 257 15-20
) Cu cable 35-40
Fibre optic cable 20-25 5-10
Transformers 30-40 15-20 30
Earthing/lightning protection/equipotential bonding 25
Control systems (control, automation and surveillance) 10,7 18
Overall control system 10-15
Traffic guidance system 10-15
Control centres 15-20
Tunnel control
Control computers 8
Automation 15
Process visualisation 10
Archiving/data evaluation 10
Air conditioning companents 05
Ventilation 15
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Specific module for tunnel operation,
safety-relevant

yes |

'

no

L

Status 1: High number

| |M Low number

1a) Stocking of large number of

spares
Risk | Costs
low = Low purchasing
costs
= Quantity discount

='Weibull failure
behaviour can be
well planned

2a) Functional element as an
intermediate solution

Risk Costs
Low, unless | =Twicethe
replacement number of
element fails replacements

= Stocking and
maintenance of
replacement
elements

Longer wait for
replacement is
acceptable

1b) Maintenance contract with
company specifies
replacement deadline

2b) Repurchasing at a time of
lower failure probability

Risk Costs
low, but = htocking incl.
ageing regualr checking
continues
while in
stock

| | 2c) Maintenance contract similar

fo Status 1b)

Risk Costs
Short term— | =“supplement” —
low, longer- following risk
term higher transferto a
since company should
contract be taken into
conditions account
have to be
regularly
renegotiated
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I nitial situation

definition of the investigation framework

Structuring

hierarchical structuring of the tunnel and tunnel equipment

Module formation

fine-grained division, e.g. into independent functional blocks or investigation

Cost determination

l costestimation performance figures
procedure

initial cost-oriented

procedure

costing
procedure

Transferinto a cost matrix

-example-

| time-process linking

nominal costmatrix
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LCC calculation: net
present value method

Variant comparison/ interpretation/
detailed analysis
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Object Type Aim Timeframe
* Newbuild + Structure + Cost optimisation + 100 years
« Existing + System + Cost comparison + 25 years
* Rebuild = Group = Budget planning « 10 years
* Repair * Module » Benchmarking « 2years
Investigation framework
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