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Background

= Selection from multiple alternatives
< Conventional financial costing

- Maximize efficiency, sustainability and
ensure the optimum use of taxpayers’
money

e LCCA has great saving potential
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Alm

< Enhance bridge investment and management
decisions by integrating LCCA into its
procurement processes,

< Thereby helping to optimize use of taxpayers’
money and improve the sustainability of bridge
Infrastructure.

< Develop convenient parameters and techniques
for evaluating other life-cycle aspects of
bridges, such as, user costs, environmental
Impacts and aesthetic values

28 July, 2015 Division of Structural Engineering and Bridges
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Scope

= The scope of life-cycle costing

< Mainly focuses on project-level decisions

e Some results and conclusions are object-specific
 Trafikverket’s established procurement

e Records from BaTMan

= Values of general parameters, such as the
discount rate and willingness-to-pay-extra for
aesthetic merit and environmental impact

28 July 2015
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Presenter
Presentation Notes
Regarding the scope of life-cycle costing, only solutions meeting the same functional requirements are considered, benefits of options providing better function are neglected
Mainly focuses on project-level decisions.
Some presented results and conclusions are object-specific. 
However, the proposed methods could be readily applied to similar structures.
The LCCA applications, approaches and techniques developed in the work are intended to dovetail with Trafikverket’s established bridge procurement and management procedures.
Other bridge procurers and managers all over the world could easily adopt and employ them to procure and manage both bridges and various other structures.
Bridge records extracted from the Swedish Bridge and Tunnel Management System (BaTMan) have been exploited to support the developed approaches and techniques
Other agencies could use data from their own BMSs.
Values of general parameters, such as the discount rate used in LCCA, aesthetic merit and environmental impact willingness-to-pay-extra have been left to Trafikverket’s economists and policy-makers to decide.
Values for such parameters based on systematic evaluations that could be used are suggested in this thesis.
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» Life-Cycle Costing/Life-Cycle Cost
Analysis (LCCA)

28 July 2015 Division of Structural Engineering and Bridges



Important to Acknowledge

The objective of LCCA is the minimization of the bridges’
LCC not only the LCM costs.

Not necessarily the most LCC-efficient alternative is the one
associated with the least LCM cost or the longest life-span.

The most LCC-efficient option is the one associated with the
lowest equivalent annual cost (EAC), i.e. annual INV and
LCM costs over the proposed bridge’s life-span.

It is the function of the design standards and the
qualification requirements to minimize the LCM costs of the
bridges.
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Decision on whether or not
Idea to undertake the project Demolition
® ® ®
< Whole-life costing & LCCA >€ Life-cycle costing (LCCA) >
Tender
documents Contract Inauguration
® ® ®
4 - A y
Early Planning T Building Doc. | Bidding | Detail Design End
& [| Feasibility Study { T & & Operation & || Maintenance | of
Initial Study i Design Plan ~~~~~~~~ Tendering| Construction Life
1/\I 1/ \I 1/ \' PAVAN lI/ \I
Get a. preliminary bridge |_cc & Propose an optlmal SpeFlfy the optimal Sy e el Sh.ould a hea?va
specify the most cost-efficient conceptual design and bridge structural N —. deteriorated bridge be
road corridor establish LCC benchmarks member P &y repaired or replaced?
Specify the optimal . . .
Specify the optimal sfc)ruct:/.lral m;)mber Specify the optimal brldgel
bridge design proposal replacement alternative replacement alternative
| —
The Potential Net Saving of the various LCCA Applications

28 July, 2015 Division of Structural Engineering and Bridges 8



oy

EKTHS

VETENSKAP
a¥ OCH KONST 95

ROYAL INSTITUTE
OF TECHNOLOGY

Research
Structure &
Contributions

: Use of Bridge Management Systems to

l ImElement LCCA for :
——————————, R
i’ S,
Bridge Investment Bridge Management
i_ __________ I r— " -i
| Procurement of I I Management of |
I New Bridges I Existing Bridees I
»
Eatly * Building *
) o E AN & i Bidding End
Planning..] | Feasibility ~. Doc. | . 2l .
: { RN i & Operation & || Maintenance| of
& Study Design < 1 : T .
. v, 'Tendering Life
Initial Study ; Plan ~
| | i !
Life-cycle cost | Equivalent I Lc;rlwg erm |
i Annual cost | anning
Procurement of I (EAC) I
the most cost- {| Paper || I I Paper |
efficient bridge I |
| A Pl | LCC & User Costs |
| K tifespan 3| '
| |~ ¥ lishould a bridge! == I
Procurement of | |} Life-cycle cost i1 Environment | I'{ be repaired or Planning :
the most life- | | replaced?
cycle efficient paper \Vj : paper Il
Sustainable” | | [Feearme]
roee || UserCost Aesthetics | | Q; | I
| ! ! |
| : Net Saving : I
I 1
i Life-cycle I Opportunity i | :
The most | Assessment | Loss |: LCC & User Cost .
. I | What is the ||
environmentally Life-Cycle Cost most Cost- |
friendly Paper A I Addeg-value || Paper IV || ™ )
conceptual | T efficient repair |
ife-Cycle >
design | : Added-Value : strategy: |
I | LCPs for the | |
I | i.various BSMs | |
l |
e e e \ & S e — — ——— 4

[}
1
1
1
1

% N /

State-of-the-Practice

28 July, 2015

Division of Structural Engineering and Bridges




g

it
3 VETENS

%

@

B  BaTMan & WebHybris

ROYAL INSTITUTE
OF TECHNOLOGY

@ BaTMa n BRO OCH TUNNEL MANAGEMENT

Startsida » Rapporter ~ Objektdata - Forvaltning ~ Information ~ Mina sidor -~ Kontakta oss & Om -~
Nyheter Valkommen till BaTMan
- =
BaTMans rapportbibliotek BaTMan ar ett hjalpmedel for effektiv forvaltning av broar, tunnlar och andra typer av byggnadsverk. -

Vi kommer att byta driftsmiljé for - - . .
BaTMans rapportbibliotek och i Managementsystemet BaTMan omfattar rapporter, information (ha Mebbivhris ClassiceSeleclor untitled

aktiviteterna inom forvaltningens olika skeden. Las mer File Edit Tools Miew ‘Window ?
D= & o e|e ale] 2

¥4 Navigator Batman - (Passager & transportnit)

E

Anlaggning

By

Y

m

samband med det ritta eventuella
inrapporterade fel | rapporterna.

En viss del av informationen &r dppen i systemet. Men fér dig som

De flesta av rapporterna har nu stingts information [&s har
och kommer successivt att publiceras
igen i takt med att de flyttats till ny

driftsmilj. Via BaTMans nyhetsrulle far
du lopande information om vilka @-' e s @mm)‘
rapporter som ar publicerade. Aktuell e
lista Gver publicerade rapporter finner . o - .
100 km i CNerey =

du har.
,N'l_mdall‘kjd 7 A

jStleiFﬁjéF <
¢ ﬁf Verdal

IPassagel & transportnat

Konstruktioner i BaTMan

Query status

Querny finizhed in 00 hour, 00 minutes, 00 secaonds

Har du behov att fa ut information frén
en rapport som dr stingd vander du dig
till BaTMan HelpDesk.

2013-10-08 13:05

Retrieving result: 276 retrieved.

Cancel

Attributes

har g
Konstruktion =~
& e [+ Konstruktionsnumme
Ny bakgrundskarta [ Honstr_Mr
My bakgrundskarta ar nu utlagd med par [ e _2
informationsinnehall per 2013-08-01. agnat passager [ Konstruktionsstatus
2013-10-08 10:47 har e [ Honstruktionshusut

e [ Funktionstyp

har "
Mykryggnadsar [ Belégenhet
[ Honstruktionsnamn

i Imt‘g[}ﬂnl 1> :’9@\8 B -, |

BaTMan HelpDesk }
Vi har haft problem med att vissa i" @égutrymma Q(Durd\naisa @tbredniné) har [ waghr rén Bronamn
inskickade mail till BaTMan HelpDesk 1 [ Ersatter Konstruktior
: e 2 = har kan_ha
inte blivit registrerade som &renden. Wanstruktionsanteckning [ Km_Tal
Problemet ska nu vara lost. N [ Anmérkning
= Dite frén vaghiet GT? [ Skapad Datum
Om du skickat in ett mail till BaTMan L@ e ”: gk;pe:!hfr =
HelpDesk och inte fatt svar frin oss ber = Ostersund-._ \\ O S:rt_Funli,iaonsT
vi att du skickar in mailet igen. X Ragpndy N\ Konstr Mangd Hyb - dsa "
2013-10-07 0810 £ N b b yovagnadsar
\ [ Mybyganads Ar
Bery \ Bracke
( \ [ Eicter
Planerade driftstopp 2014 l; 3 Constraints '|: C:)verbyggnads%r
Nu finns tidpunkter for 2014 rs Q\”QE . X Over:;f%gn:dsalder =
inplanerade driftstopp for BaTMan L il T l_ngfol:v‘ta ang
utlagda i BaTMan-portalen, Tillgdngen fE45 B m = |
till BaTMan kan vara begransad under - ~u = ] | =
tiden for driftstoppet. A ILjusdal
- X: 6602755 ¥: 1042653

|http: Tibatmanwebhybris. vy .sef

28 July, 2015 Division of Structural Engineering and Bridges 10



oy

EKTHS

VETEN SKAP
a¥ OCH KONST 95

Fadt

ROYAL INSTITUTE
OF TECHNOLOGY

LCCA for

Management of
Existing Bridges

28 July, 2015

Division of Structural Engineering and Bridges

11



Bridge Management: Paper | & 111

ROYAL INSTITUTE
OF TECHNOLOGY

Repair or replace a heavily deteriorated bridge?
Road Bridges

Railway Bridges

Paper I: Str. & Infra. Eng. J. Paper Il11: TRR Journal The Extended Summary
[6-367-1] Bro over Lillan [18-352-1] Bro over Tabyan, H6jen [3500-2593-1]Bro Gver
Construction Year: 1934 Construction Year: 1929 Huvudnaskanalen

Construction Year: 1937

An action is required within a 3 years period, CC2 An immediate action is required, CC3

28 July, 2015 Division of Structural Engineering and Bridges
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Strategy B: Utilize the bridge for its residual

Strategy A: Immediately repair the bridge i lite without action and then renew it

| Renewal Cost |

Repair Cost A
! User Cost |
A [E——————————
| User Cost A
A Extended Residual Service after Repair Residual Service
P i : Life without Action
Y 7| A A
\ <€ >
1 1
| Annual O&M Cost after Repair | ! | Cu(r)rgrlc/tl énnual | Annual O&M Cost after Renewal
| : ost
! 1
Today The Current Bridge Today The New Bridge
Service Life Service Life
R Ic P -y
Sensitivity analysis:
[ UserGost|
Ay A Discount rate
User Cost

The INV cost of a new bridge

Residual service life extension after repair
Residual service life without action

Actual service life of a new bridge

Long- and short-term planning of the repair
User cost inclusion

Extended Residual Service after Repair

Annual O&M Cost
after Renewal

Y

| Annual O&M Cost after Repair |

.« A ? A
Today The end of the new

bridge service life

N RWNH
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Bridge Management: Paper IV
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Repair or replace a bridge structural-member?

An action is required within a 3 years, CC2

Varbyvagen Bridge [1-813-1]
The surfacing of the bridge deck is CC 2, 3 years
The bridge deck, CC O

Parameters affecting the analysis, Sensitivity analysis:

Discount rate

The INV cost of the various strategies

User cost inclusion

Residual service life without action

Dominating structural member residual service life

Impact of the various strategies on the residual service life extension

SOk whE

28 July, 2015 Division of Structural Engineering and Bridges
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LCCA for

Procurement of New
Bridges
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Important Principals in Procurement
within Public Agencies

“T'he Swedish Transport Administration is
an authority and by law must endeavor to
procure goods, services and contracts in
competition”

To ensure credibility and transparency

28 July, 2015 Division of Structural Engineering and Bridges 16



Bridge Investment & Management
from a LCCA Perspective

< The main difference lies in the procurement
method/contract type

= Fixed target strategy in management but not
usually fixed in investment, particularly under
D-B

« The lowest bid and no consistent LCC
guidelines

= Trafikverekt's goal is: 50% D-B by 2018

A new award criterion under D-B: lowest LCC
bid

28 July, 2015

Division of Structural Engineering and Bridges 17


Presenter
Presentation Notes
The main difference lies in the procurement method.
In Bridge Management:
investigate the feasible repair strategies
LCCA could be employed to identify the most LCC-efficient strategy.
is usually specified in the tender documents as the target strategy
the lowest bid is properly employed
In Bridge Investment
Investigate the technically feasible bridge designs
LCCA could also be employed to identify the most LCC-efficient bridge design. 
However, that design could not usually be stated in the tender documents as the only target design, particularly under D-B.
The lowest bid is currently used as the sole criterion for choosing a contractor under D-B and no consistent LCC guidelines are stated in the tender documents.
A new award criterion that takes LCC aspects into account under D-B should be employed. In addition, this new award criterion should be part of a comprehensive approach that maintains not only the contractors’ freedom under D-B contracts, but also a credible and transparent procurement process.



Unified LCC-Efficient Benchmarks

e There are several improper ways to
employ the concept of the lowest LCC bid
as the contract award criterion under D-B

< The optimal way is for procurers to

establish consistent LCC-efficient
benchmarks and guidelines then clearly
present them as core specification in the
tender documents.

28 July, 2015
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Presenter
Presentation Notes
The lowest LCC bid should be used as the contract award criterion under D-Bs, instead of the lowest INV bid
Two inappropriate ways to apply the lowest LCC bid award criterion. 
Request contractors to supplement bids with life-cycle plans (LCPs) and LCM cost calculations:
Some contractors may underestimate LCM costs of their designs because they will not usually be obligated in the long run. 
Most contractors are not familiar with actual LCM costs of designs, since they are usually incurred by the bridge procurers. 
The LCP and LCM costs for a proposal prepared by a contractor could be strongly questioned by other contractors.
The other inappropriate way is for the agency to analyze LCCs of contractors’ bids and use the results to select a contractor, 
The results may easily be adjusted to provide a desired answer and
Different analysts might generate different results.


- e Inspection
¢ Operation and Maintenance

I /| * Repair, Replacement and
[ JFor each proposal, . o
prop Rehabilitation

a . specify the : N
p e r i f  required LCMs, * Recycling, Demolition and
. their times and Landscaping

), _ associated costs /,
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For each proposal,
quantify the
associated bridge
structural-
- members #

H - * List the composed bridge - J For the bridge location,
Comprehensive Approach: structural-members ‘- find out the technically
¢ Quantify the bridge structural- feasible proposals and

members their anticipated INV cost

1. A preliminary LCCA
2. Monetary LCC-efficient benchmarks
3. Bid evaluation criteria: lowest LCC bid

o identify the technically feasible bridge types

¢ For each feasible bridge type, identify the
possible bridge layout and configuration.

e Anticipate the proposals’ INV costs

< 9 >

_ LcCCA&
- Comparison

[ )

28 July, 2015 Division of Structural Engineering and Bridges 19
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Case Study

The Karlsnas Bridge
2013

Pro\!):sal Description Cross-Section Details Outlines & Remarks
215
05 05
20, 35 , 35 \ 25/ 35 , 35 20
One bridge. two steel boxes i ¥ '[L" "’I 3 Sllaans
\ “ 4x60m + 2x40m
1 (Trafikverket’s conceptual )
. Superstructure depth:
design)
2.3m
e ] 5 Spans
. T i T 4x60m + 2x40m
) Two bridges, two steel I Superstructure depth:
beams per bridge Haunch beam
Max. 3.2m
Min. 1.8m
7 Spans
. 5x50m + 2x35m
Two bridges, one pre- . . )
i = ) Superstructure depth:
3 stressed concrete box per ] | ] ]
bridee Haunch beam
= Max. 2.8m
Min. 1.6m
7 Spans
‘ 20, 35 , 35 [l25 || 35 , 35 20 5x50m + 2x35m
One bridge, two pre- T 1 1 1 Superstructure depth:
4
stressed concrete boxes. — | 7 Haunch beam
\ 7 N\ 7 Max. 2.8m
.—_r'—z " . Mhl. 1.61]1
1 F=a==1
[ o 1 4 Spans
B ' 2x100m + 2x60m
5 One bridge, one integral- Superstructure depth:

cantilever concrete box

Haunch beam
Max. 6.5m
Min. 2.3m

28 July, 2015
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LCCA Results
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M LCM Cost NPV, r=2% M LCM Cost NPV, r=4% M INV Cost

210 -+

180

150

120

90

60

INV cost and LCM cost NPV, Million SEK

30

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

Proposal Number

28 July 2015 Division of Structural Engineering and Bridges



Impact of varying the discount rate
T on the proposals’ LCC

—<—Proposal (1) —W#=Proposal (2) —e Proposal (3) -<%-Proposal(4) --A-Proposal (5)

,
250 -

230 -

LCC NPV, Million SEK
[EEN
S
79

150 -

130 -

110

0% 1% 2% 3% 4% 5% 6% 7% 8%
Discount Rate

28 July 2015 Division of Structural Engineering and Bridges
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LCC added-values computed at
Indicated discount rates (SEK)

15

xZ

A 13 —e—Proposal (1)

g 11 —&—Proposal (2)

— —+—Proposal (3)

e 9

= —>Proposal (4)

g’; 7 --®- Proposal (5)

= 5

©

3

s 1

®

) -1

O

- -3

0% 2% 4% 6% 8%

—+—Proposal (1) 14.65 5.48 2.27 -1.54 -0.74
—=—Proposal (2) 38.44 14.16 5.75 0.00 0.00
—#+—Proposal (3) 8.77 3.06 1.21 -2.02 -0.97
——Proposal (4) 0.00 -0.01 0.02 -2.54 -1.23
--®- Proposal (5) 0.00 0.00 0.00 -2.57 -1.26

28 July 2015
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Structural-members’ LCC added-
values at a discount rate of 4%

To maintain contractors’ freedom in D-B tendering processes and allow
consideration of innovative/different designs.

LCC sub added-value

Bridge structural-member | Unit Unit LCM cost | Fixed Cost
(K SEK/ZUnit) (K SEK)

Bearings number set 7.0 54.4
Expansion joint length m 5.8 156.4
Edge beam length m 1.6 108.3
Painted area m? 0.4 85.3
Parapets’ length m 1.0 0.0
Paved area m?2 0.5 462.0
Drainage system points set 32.7 0.0
Slopes and cones area m?2 0.4 0.0
Superstructure area m?2 0.2 0.0
Total bridge area m?2 0.6 0.0

28 July 2015

Division of Structural Engineering and Bridges
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Procurement of the Karlsnas Bridge

« The LCC added-values and BSM’s LCC added-values
had been stated in the tender documents.

< 5 Contractors had participated, all of them are

Proposal 3 e
05 05
20,35 35 ||25|| 35 . 35 20

« The contract was awarded to the lowest LCC bid,
with an INV cost of 115 million SEK.

e Trafikverket has saved 57 million SEK

28 July 2015

Division of Structural Engineering and Bridges
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Bridge LCC

Agency cost
INV & LCM =

User Cost Society Cost

Aesthetical & Environmental
\ Cultural Effect§iill Impact (LCA)

28 July, 2015
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Holistic Approach

The lowest Net Equivalent LCC bid should be
the criterion used to identify the most sustainable bridge
proposal and select the D-B contractor offering it.

The approach combines LCC Added-Value analysis with
other novel techniques that make proposals’ aesthetic
merit and environmental impact commensurable,

Thereby enabling agencies to establish Monetary

Benchmarks concerning those aspects in an early

planning phase and embed them in the tender
documents as core specifications.

28 July, 2015
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WTP & WTPE

In economics, the willingness-to-pay (WTP) is the
maximum amount a person would be willing to pay
In order to receive a good or avoid something
undesired.

Extending this concept, we propose here a novel
parameter, willingness-to-pay-extra (WTPE), the
maximum extra amount a person would be willing to
pay to receive a good that is better than another in
terms of a specific attribute.

This is not meant to imply that designs of great
aesthetic merit or more environmental friendly are
necessarily more expensive than ugly substitutes, or
vice versa.

28 July 2015

Division of Structural Engineering and Bridges
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Case Study

A wildlife crossing bridge
over the European route E6
in Gothenburg, 2015.

No. Description Elevation and Cross-Section
Concrete beam | 'L;:v;__ = —
bridge with IR ]
, | integrated breast it . frly .
wall I, e anani:
(Trafikverket’s L
conceptual design) | ——— lr” *jl _|r 1 5 -
. _L%l‘_l__?—i f fl—i—'!—hl—i [ I—E’i'f j_I_F J_I_II_I_]
Steel I-beam bridgef ™ _ ]if — .
composite with N F ﬂ L
2 | concrete slab with ! ' i
integrated breast S
Wall CFFECTIVE BRIDST WADTH 35w
3 Two steel pipe-arch

culverts

RN BRGE WITHIE 10 213

28 July 2015
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Life-cycle aspects’ contributions and

T net equivalent LCC costs of Proposals
40
2% 35
O
ac 30
n O
©T= 25
0=
T2 20
2
T8 15
S0
; % 10
c 9
g >
s o
QT
O 9 _5
(1) (2) 3)
M Anticipated INV & TCP cost 33.07 36.08 19.79
M LCC added-value -1.13 1.11 0.00
1 User cost added-value 2.10 -0.54 0.00
M CEEM -1.06 0.26 -1.83
® CEEI 2.74 2.45 2.01
EHThe net equivalent LCC 35.72 39.35 19.97

28 July 2015
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Network-level Benefits of LCCA
Considering Trafikverket’'s Bridges

If improper decisions are taken for 50% of Trafikverket's
bridges, the agency might lose (or could otherwise save):

- Paperl, Il

» Road bridges: 75 million SEK each year
» Railway bridges: 65 million SEK each year

- Paper 1V:
» 8 million SEK per year

- Paper Il and V:
» 340 million SEK per year

Total of 488 million SEK each year?!

28 July, 2015 Division of Structural Engineering and Bridges 31
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Conclusions

Undoubtedly, LCCA can be feasibly and fruitfully applied in both bridge
management and bridge investment.

The most expensive bridge proposal is not necessarily the most
environmentally friendly, beautiful or LCC-efficient, and vice versa. Costs,
aesthetic merit and environmental concerns could be complementary in
bridge design.

The greatest saving potential in bridge procurement could be achieved by
allowing more proposals to be considered

D-Bs together with the lowest LCC bid affords greater opportunities to
consider LCC aspects in bridge procurement than traditional contracts and the
lowest bid criterion.

The sensitivity analysis is, NS and OL parameters are important that allows
decision-makers to evaluate their confidence in the optimality of their chosen
solution and estimate the consequences of their decisions.

The discount rate is usually has a considerable impact on the LCCA, but this
does not hinder the implementation of the proposed applications and.

28 July 2015
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Proposals for Further Research

- Standard LCC sub added-values

< Technically feasible bridge-designs

< LCCA curves for the various bridge locations
- Effect of repairs on the residual service life

« Network-level LCCA

28 July 2015

Division of Structural Engineering and Bridges
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Specify in which bridge investment phase are you now & What do you want to do

Early Planning ) Hhh"‘h Building

_ Bidding Detail Design
& | Feasibility Study ., Document

Deasian - & & Operation & Maintenance
Initial Study F'Iar? H""\. Tendering Construction

sy

Ly @ » O (i@l

Get a preliminary bridgeLCC Specify the | |Specify the optimal Specify the
P . v & Propose an optimal p fy R p_ F",r . p fyr R Decide whether to repairor
& specify the most cost- A optimal bridge }|bridge's structural optimal bridge i
_ i conceptual design . ) to renew a bridge
effectiveroad's corridor design proposal member repair strategy

Evaluatethe bridge Specify the optimal structural

Specify the optimal bridge’s
aesthetical & cultural value member's replacement alternative

replacement alternative

BaTMan-LCC

TRAFIKVERKET
Y3} SWEDISH TRANSPORT ADMINISTRATION

Bridge Life-Cycle Cost Optimization

“@i@ Version 1 [2012-07-10] Program Map

G Devel -
2 - & eveloper.

FKTHS P

Analysis Steps

VETENSKAP
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