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REASONS FOR LCC TUNNEL

Investment decisions or operation strategies are often technology-driven
and not take into account life cycle aspects

Phases

m

I COI’]SULICUOI’} §> }> m
identification of cost drivers O vetaisntion | [ Renewal | [ repar |

knowledge about cost optimisations / substitutions w

decision support (investment, maintenance strategy, ...)

Targets for a LCC Model:

= holistic cost overview

Processes

I Modernlsatmn Inspecnon

element of risk management mainte|nance
: L | |
basis of sustainability [ proventive ] oorrectve ]

|stateoriented | | planned | | delayed | | immediate |
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LIFE COSTING FOR TUNNELS

HM*

Recommendation of German Tunnelling Committee (DAUB)

= 2018 -> LCC Cost model for road tunnels

= 2023 -> LCC Cost model for road tunnels (updated)
& for urban and public transport tunnel
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DAUB Recommendations Lifecycle Costs (2nd version, 2023)

Recommendations for the Determination
of Lifecycle Costs for Tunnels

oads

— N e  Deutscher Ausschuss fur unterirdisches Bauen e. V.
l D)/A\ m/l 55  German Tunnelling Committee (ITA-AITES)
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definition of the investigation framework ‘

2

I ‘ Structuring ‘

LCC CosT MODEL

Initial situation

Recommendation of German Tunnelling Committee (DAUB)

hierarchical structuring of the tunnel and tunnel equipment

2

11 ‘ Module formation ‘

fine-grained division, e.g. intoindependent functional blocks or investigation ‘

m 2018 -> LCC Cost model for road tunnels v
v Costdetermination
= 2023 -> LCC Cost model for road tunnels (updated) conomson || setomarstine | [ oo || ot
& for urban and public transport tunnel - ‘ v |
Transfer into a cost matrix
‘ : — -example- : :

Tt o]

,,,,,,,,,,,,,,,

s B A e P

i LCC calculation: net
present value method

4

VI Variant comparison/ interpretation/
detailed analysis
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LCC CoST MODEL HM

Requirements for LCC Cost Model

= holistic consideration

reusability and consistent structure

transparency and reproducibility

adaptability and flexibility

generation of optimisation measures

A reliable and complete database is required!
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LCC CoST MODEL — LIFECYCLE PHASES

Costs Initial costs Follow-up costs

¥

. Operational Constructional . .
Processes Construction Maintenance Maintenance Modernisation | Recycling
Costs Initial costs Follow-up costs

Servicing and Improvement Electricity and water supply
d
Processes Instailation Inspection and Renewal Surveillance Excercices other
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LCC CoST MODEL - STRUCTURE

Tunnel Tunnel

Auxiliary Construction : .
System ’ My » Construction Equipment
wlr 2 wlr v % v wlr 2 \Ir
Grou P ’ Tunnelling || Infrastructure XXX | Inner lining Sealing XXX ’ Lighting Ventilation XXX |

/ f . / r
Excavation Support Vault Coating Entrance s
0 U e tunnel

o -.'.'.
-.. ’a.'
) 4
Element @
v‘..
v’.
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LCC CoST MODEL - STRUCTURE

Traffic
Management

Drainage

Excavation

Element

Operating

2.B RoomMs

|
|
|
Eeme

Module 3

Entrance
Lighting

Drainage Coating

functional dependence

————— operational dependence
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LCC CosT MODEL - MODULES

O Elements

O Processes

O Time parameters
O Interfaces
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LCC CoSsT MODEL — COST CALCULATION
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LCC CosT MODEL - NET PRESENT VALUE

A reference time

costs

discounting

\\i

operation
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LCC CosT MODEL - EXAMPLE
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LCC COST MODEL - RESULTS | ANALYSIS
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50.000.000 €
€ Overall Structure (2%)
45.000.000 43543980 €
40.000.000 € J—J
35.000.000 € //_____J/r,
30.000.000 €
25.000.000 € Tunnel Tube West (2%)
22.304.218 €
f_/___r__-/
20.000.000 € 7
[ / Tunnel Tube East (2%)
21.239.761 €
16:000.000€ K Jff& —
5.000.000 € —
—0OQverall Structure (2%) =—Tunnel Tube West (2%) ——Tunnel Tube East (2%)
0 € 1 1 T 1 1 1 1 1 1 1 1 1
2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

2075

LIFECYCLE COSTING IN OPERATION
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LCC COST MODEL - RESULTS | ANALYSIS

QQQ% QQQ% QQQ% @Q% @Q%
@ & e Od e &
& o & e o ‘199 "‘.99 @9 °>°9
< A 2N ' | | | |
LCC - road tunnel 43.543.980 € 100,0 % | [EE——
swichtgear / controllequipment SSA 6.389.009 € 147%|
4.510.140 € 10,4 % | [N
fcoaing  BSG |  3648760¢€ 84 %
3.439.700 € 79% | M
3.191.519 € 73% | W
3.055.788 € 70% | BN
2.476.560 € 5,7 %
2.346.442 € 54% | B8
substructure . uB 2.040.061 € 47%| M
dewatering TEW 1.882.748 € 4,3 %
entrance ligthing EFB 1.786.453 € 4,1 %
emerge 3 c RA 1.388.440 € 32%| W
emergency lane SSF 1.023.384 € 24% | Ver
traffic guidance system VLE 965.621 € 22% | Nutaung 7
fire-suppressing system . BB 939.002 € 22% | N ey A
723.660 € 17%] | =
559.341 € 1,3%] | Pl Py
traffic data collection | VDE 464.226 € 21% | | gl
breakdown bay lighting PBB 461.782 € 1,1 % =
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LCC COST MODEL - RESULTS | ANALYSIS
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LCC -road tunnel | 43.543.980€| 100% | [
supply 2869.097€| 7% | BN
cleaning 3254614€| 7% | W
inspection 3.162.008 € 7%
maintanence 1.962.079 € 5% .
refurbishment 5576.018€| 13% | M
renewal 26.720.163€| 619% | [N

S
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LCC CosT MODEL - RESULTS

| ANALYSIS

5 @Q‘/o QQQ% @Q% @Q% QQQ%
> & 2 N & N N O
O o o G RS a> > »> o> o
S Q \/ X , , , , ,
swichtgear / controll equipment|SSA |Renewal 5.821.767 € 13,4%|
coating BSG |Renewal 3.648.760 € 8,4%| | : :
Construct. Maintenancg ~ 3.133.719 € 7,2% | I
Renewal 2.919.565€ | 6,7%| NG
Renewal 2187510 € | 5,0%| NN
Renewal 2.142485€ | 4,9%| I
b c =i Renewal 1.968.671€ |  4,5%| NG
dewatering TEW |Renewal 1.129.002 € 2,6%| |
emergency ca c I\ Renewal 1.114.866 € | 2,60/ IENEG_—
Cleaning 1.092.053 € | 2,50 I
ligthing internalzone DFB |Supply 1.009.794 € 2,3%| | '
ligthing internalzone DFB |Renewal 881.729 € 2,0%| |
emergency lane SST [Renewal 872.087 € 2,0%| |
_ligthing tresholdzone EFB |Supply 722.594 € 1,7%)|
M Inspection 690.933 € 1,6%| N
Construct. Maintenance 658.723 € 1,5%| I
Renewal 616.041€ |  1,4%| 18, o0 Rads
Renewal 603.094€ | 1,4%)| P el
Inspection 595.666 € 1,4%| I rsttog 2
dewatering TEW |Cleaning 571.150 € 1,3%]| | |
swichtgear / controll equipment [SSA |Servicing 567.242 € 1,3%|
ligthing tresholdzone EFB |Renewal 557.155 € 1,3%| gewolbe
_fire alarm system BME [Renewal 466.649 € 1,1%| Einfahits- |
8| Cleaning 439.648€ | 1,000| ST T
,,,,,,,,,,,,,,,,,,,,,,,,,,, Inspektion 438214 € | 1,0%| N E ' |
=
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LCC COST MODEL - RESULTS | ANALYSIS

Energy consumption and energy costs in consideration of costs for monthly power peaks

Annual energy consumption [%] Annual energy costs [%]

m Lighting m Lighting

u Ventilation m Ventilation

0,2% u other facilities u other facilities
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Module Entrance Lighting - Tube east ‘
Parameter Elements Amount
High pressure sodium vapor lamps (GSB) High pressure sodium vapor lamps 150 W | 50 piece
OST O D E L — XA M P L E Double-row light arrangement tunnel ridge High pressure sodium vapor lamps 250 W 0 piece
Step switching High pressure sodium vapor lamps 400 W | 66 piece
Luminance L20 (200 cd/m?) Cable 5.310 m
Nirantinnal traffin Cahla traninh 220 m
. 1 piece
Life cycle [a] . dpece.
Entrance Lig hting -
| - 0 10 20 30 40 50 60 70 80 90 100 I
Operating hoursiin the ir
stage l T l | I 1 [ l | T { T T B l 3
operating hours /A 1
Equivalent operating 9 22.500,00 €
hours under full load
Luminaires t’\__// ]
- g 10.000,00 €
Energy consumption of Iu 6__’//
Power loss ballast (VVG)
Number of luminaires <—-/ 3
System power under full | 3
Energy cost E
Luminaires -
S 54.132,80 €
Energy cost sensors D I nveStm ent COStS 3
outdoor luminance L20 E
L i ey M Follow-up costs according to ABBV
. le 22.577,10 €
[]Follow-up costs according to reduced
€] average useful life -
S 23.000,00 €
‘ | | | | | 132.209,90 €
* Consideration of an annual increase in performance until renewal
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PROBLEMS | OBSTACLES

Lack of reliable information on historical costs and performance, which is needed for accurate estimation of costs.
Lack of information is the uncertainty inherent in any forecast of future costs and performance. How a building and its

functional subsystems behave - over the course of a 25-to 30-year service life.
[Controlling Cost of Ownership from Design Throughout the Service Life of Public Buildings. Washington, DC: The National Academies Press. https://doi.org/10.17226/1750.]

The traffic data and service data often are separated from each other in tunnel operations management.

An improvement in the collaboration between different stakeholders is needed!

Probleme bei der Informationsbeschaffung zur Ermittlung The majority of experts see problems in the avallablllty of
der Lebenszykluskosten (inshesondere der Nutzungskosten) . . . . . .
reliable general cost indicators and information that is needed
i ' | to determine usage costs...

Allgemeine Daten und Projektspezifische Ist-Daten und [Research report F3218 - Zukunft Bau - 2020, Authors: Guido Spars, Olivera Obadovic]
Kostenkennwerte zu Folgekosten Planungsdaten als Grundlagen

Schlechte Verfigbarkeit Teilweise schlechte Verfligbarkeit und
belastbarer Kennwerte/Angaben ggf. schwierige Datenerhebung

06.12.2023
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OPPORTUNITIES FOR LCC-MODEL - BIM - DIGITAL TWIN

Koordinationsmaodell

Tunnel |

___________ |
v

v Fachmodell
‘ Auxiliary Construction

System Me aTureS il Constrluctlon m

v v Voo v v v
Tunnelling | Infrastructure
- Objektgruppe

___________ /ﬁ /K /¢\ /k ) ¥ Objekte

(]
=
o
[
©

XXX ‘ Inner lining ‘ Sealing XXX

M Od u Ie Excavati Support XXX Vault Coating XXX

=1 ES

Auskleidung
Element (Ebene 100: Objekt)
Leibung
: _I—— N— (Ebene 110: Teilobjekt)
< ° <

©

o Abschlag 1
) o & B schlag "
’&\“\ o “\)d&\ W <% ,\Q;\'b o’\\o(\ < a“‘a\ \e‘“\g o\\(\% (Ebene 120: Identifikator) Typ Sprltzgefonschale
& 4 N X 3 © o O N — (Attribut)
Recycling 27 O o @ @O © Kalotte (Merkmal)

(Ebene 130: Lage 1)
Operation

: Auskleidung ?:,,::f:‘:: . Spritzbeton
Construction ﬁ (Ebene 100: Objekt) (Attribut)
N Leibung
HEEE . 0 [Ebene 110: Teilobjekt)
Abschlag 1 o
(Ebene 120: Identifikator) Materialgiite €30/37 C35/45 C40/50

Vault

(Ebene 090: Objektgruppe)

s Kalottensohle (Merkmal) (Attribut) (Attribut)  (Attribut)
:D Hohlraumsicherung (Ebene 130: Lage 1)

Entrance Auskleidung Expositions- Xc1 xc2 Xc3
Lightin (Ebene 100: Objekt) klasse (Attribut)  (Attribut)  (Attribut)
ghting . .
H Leibung (Merkmal)
(Ebene 110: Teilobjekt)
Abschlag 1

(Ebene 120: Identifikator)
Strossensohle
(Ebene 130: Lage 1)

modules
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OPPORTUNITIES FOR LCC >> DIGITAL TWINS

Smart monitoring Predictive operations Predictive maintenance

PHYSICAL TWIN ) DIGITAL TWIN
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OPPORTUNITIES FOR LCC >> DIGITAL TWINS

Operation

Construction -

Tunnel arch

Lighting

Threshold zone
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