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Agenda

 Inledning
 Infrastruktur livscykel och eventuella LCCA applikationer
« Batman och WebHybris
« LCCA for upphandling av nya broar
* Den optimala vag / jarnvagskorridor
 Den optimala bro designférslag
* helhetssyn
o LCCA for hantering av befintliga broar
* Reparera eller byt ut en bro?
 Genomforande i Trafikverket
« BaTMan-LCC verktyg & BaTMan-LCC kurs
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bakgrund

e Val av flera alternativ
e Konventionell ekonomisk kalky!l

« Maximera effektivitet, hallbarhet och sakerstalla en
optimal anvandning av skattebetalarnas pengar

o FoOrbattra investerings-och infrastrukturforvaltning beslut
genom att integrera LCCA | sina upphandlingar, och
darmed bidra till att optimera anvandningen av
skattebetalarnas pengar och forbattra hallbarheten av
vara bron infrastruktur.
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LCC & LCC

(LCC)

Investeringskostnad

4 T | (LCM)
Trafikstorningar |  t------------- oo m-mommd
kostnad A
A s s s a7 Mmoo
e N
! Huvud Huvud \
' reparationskostnad reparationskostnad
H . Rivningskostnad
Life-Cycle Cost: LCC —
i trafikstérningar kostnad {! - T —— A
. A Al trafikstorningar .
LIVS Cykel kOStnad Drift-och inspektion Reparationskostnad [SN— k— ?Esr-lilfi- ------ i
underhallskostnad Kostnad I

.TTTTTWT

invigningdagen a livet

(60-120) &r

« Tidsvardet av pengar, diskonteringsranta

» Livscykelkostnad / Livscykelkostnadsanalys
(LCCA)
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Viktigt att erkanna

o Syftet med LCCA ar minimeringen av broarna LCC inte bara
de livscykel atgarder kostnaderna.

« Det ar standarder och behdrighetskraven funktionen for att
minimera broar livscykel atgarder kostnaderna.

* Inte nddvandigtvis den mest LCC-effektivt alternativ ar den
som har minsta livscykel atgarder kostnaden eller den
langsta livslangden.

« Ett korrekt genomférande av LCC kunde atminstone spara
488 Mkr/ar fran Trafikverkets arliga budget som tilldelats for
bro investeringar och forvaltning.
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LCCA Tillampningar for broar

Ett beslut om huruvida eller

lde inte att genomféra projektet Rivning
° ° )

Kostnads-nyttoanalys och
livscykelkostnadsanalys

Y
A

A

Livscykelkostnadsanalys, LCCA >

Anbudshandlingar
kontrakt Invigning

[ ]

Tidig Planering 1 “~~._ Bygghandling [Upphandling Slut
& [l Vvagutredning ! BRI & Drit&  [| Underhall |pa
Forstudie ! Arbetsplan " ~~._| Kontrakt livet

VAN @ < AN ARG AN

Fa en preliminar bro LCC och Foresl3 imal Ange den optimala d imal Ska b
ange det mest kostnadseffektiva oris .alfnl?pt!ma bron Ange gn optlmaa? a IIronbrepareras
vigkorridoren tekniska losning konstruktionsdel reparation strategi eller bytas ut
] i Ange den optimala Ange den optimala
Ange optimala _gntreprenor konstruktionsdelen bron ersattare
anbud/forslag ersattare alternativ alternativ
—

LCCA Besparingspotentialen
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_‘%—- svenska bro-och tunnel management
| system”"BaTMan"

https://batman.vv.se/batman/

9 2014-03-26 Mohammed SAFI




aTMan’s navigeringsverktyg (WebHybris)

WebHybris Classic - Selector - untitled *
File Edit Tools  Wiew Window ?

D2 & ol el 2

3 Navigator Batman - (Passager & transportnit)

I Passager & transportnat ;I

~niaegning Query status

{Tinrighet mm ) |
Hihie Query finished in 00 hour, 00 minutes, 00 seconds.

auser

untitled * :

p| & ||| @Ie] 1
Konstruktion 5|
—t [+ onstruktionsnomme
[ Konstr_Mr
par _ ni&agning [ iehr_2
WAUNE pRSSaner [ Wonstruktionsstatus

[ Wonstruktionshuvuct
[ Funktionstyp

Mykygonacdssr [ Belégenhet
[ Konstrultionsnamn

@égu{rymma @Dordlnatea @tbredning) [ wéaghr frén Bronamn
[ Ersétter Konstruktior
har kan_ha -
Konstruktionsanteckning Hm_Tal

[ Anmérkning

Data frén Waghet [ Skapad Datum

[ Skapad Br

[ Sort_KhTyp
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[ Aider
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[ Broyta
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£ i}

Retrieving result: 276 retrieved

‘WebHybris |http: i fbatmanwebhybris v, sef MUM 2
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Den svenska bro lager

Bridge Function Type

Sedestrian & Total No. Of | Bridge Total Bridge Total
Roadway | Railway Bicycle Other Bridges Area (m?) Length (m)
BaTMan's Bridges 23,848 4411 1,619 251 30,129 7,644,208 668,381
Trafikverket's Bridges in 20,050 3,179 207 14 23,450 5,858,570 528,905
BaTMan
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Svenska broar verkliga investeringskostnad

Den genomsnittliga faktiska investeringskostnaderna for de svenska broar olika
typer, som baseras pa kostnadsdata for 2508 broar byggda mellan 1980 och 2011.
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Svenska broar forvantade investeringskostnad

Inflationstakten for de svenska broarna investeringskostnader
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Bro konstruktionsdelar lifecycle atgarder

Actual Service Life of the Swedish Bridge's Expansion Joints

-4.779In(x) + 84.151

Expansion Joints Actual Service Life (Year)

&
*
o |® o
— <
®
& ¢ »
20
0 5000 10000 15000 20000 25000

ADT/m of the bridge Tvarsystembredd

Baserat pa 288 Ersattningsatgarder utforda mellan 1979 och 2010
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LCCA for

Upphandling av nya
broar




App. Nr. (1): Ange det mest
livscykelkostnadseffektiv vagkorridoren




Ange det mest livscykelkostnadseffektiv
vagkorridoren
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Ange det mest livscykelkostnadseffektiv
vagkorridoren
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App. Nr. (2): Foresla en optimal teknisk
losning

Proposal Nr. 1 I | 24.5m

Proposal Nr. EI

Proposal Nr. HI | 247m |

TEEOm
—H | — 54— | — T — —— 0 T ——— T - om LT i om Lt 0 —{— 4 D ——H O —— 4l —
e | F ,___..-—'L""-'W
""‘-—-_____"--.___1_ i i I N
== [ —"
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Upphandlingsprinciper inom myndigheter

“Trafikverket ar en myndighet och ska
enligt lag alltid striava efter att upphandla
varot, tjanster och entreprenader i
konkurrens.”

For att sikerstilla trovardighet och dppenbet

Mohammed SAFI




Upphandlingsprinciper inom myndigheter

Public Procurement Act, based on EU
Procurement Directives.

Framtagning av forfrigningsunderlag:

Forfrigningsunderlaget ar det samlade underlaget som beskriver
* vad som ska upphandlas,

* vilka krav som stalls pa anbudsgivaren och

* foremalet for upphandlingen samt

e hur anbud kommer att utvarderas.
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Enhetlig LCC effektiva Riktmarken

* Detfinns flera felaktiga satt att anstalla begreppet lagsta
LCC budet som upphandlingskriterium |
totalentreprenad

e Det optimala sattet ar for upphandlare att etablera
konsekventa LCC effektiva riktméarken och riktlinjer
sedan tydligt presentera dem som karn specifikation |
anbudshandlingarna.
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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.


The Concept of the Lowest LCC Bid

e 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.

1. Request contractors to supplement bids with life-cycle plans (LCPs) and LCM cost
calculations:

A. Some contractors may underestimate LCM costs of their designs because they will not
usually be obligated in the long run.

B. Most contractors are not familiar with actual LCM costs of designs, since they are
usually incurred by the bridge procurers.

C. The LCP and LCM costs for a proposal prepared by a contractor could be strongly
guestioned by other contractors.

2. The other inappropriate way is for the agency to analyze LCCs of contractors’ bids
and use the results to select a contractor,

A. The results may easily be adjusted to provide a desired answer and

B. Different analysts might generate different results.
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. )
¢ Inspection
¢ Operation and Maintenance

* Repair, Replacement and
Rehabilitation

A n aI S Ste * Recycling, Demolition and
Landscaping

(. _J

e List the composed bridge
structural-members

Ove rgri pa nde st rategi : ¢ Quantify the bridge structural-

members

1. En preliminar LCCA

e identify the technically feasible bridge types

2. Monetara LCC effektiva riktmarken  For each feasible bridge type, identify the
. . . . . possible bridge layout and configuration.
3. Bud utvarderingskriterier: lagsta LCC bud « Anticipate the proposals’ INV costs

LCCA & '

9

Results interpretation & interpolation of
LCC added-values & LCC sub added-values
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fallstudie

Karlsnas bron
2013

Utférande entreprenad
Eller
Totalentreprenad
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L CCA Resultat
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Inverkan av varierande diskonteringsrantan
pa forslagen "LCC
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forklaring av LCC mervarde formulering

lagsta LCC bud

LCCY® = ((EAcngM — EACR.y) -

1-(1+ r)_Lmin> - (
r

X,R
LCC*R = Ci\y + LCCyy

EACSyy 1—(1+7) trtxl

(1 + r)Lmin r
Chiny
EACE-y
Proposal R ‘ ST S SR SN SRR SR SR
Today Lg
) ' ILg — Ly| |
Cinv rTTTTTTTTTTTY
Proposal X X EACiny
Case (1): Ly < Lg l EACicu [T
| t ) t 1 t .. Ei,
Toda L .
y? i i Ir 7 Lxl
Ciuv :r
EACR Ny
Proposal X EACK.,,
Case (2): Ly > Ly A A b bt \ \ peo [
Today Ly
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LCC mervarden som beraknats vid angivna
diskonteringsrantor (kr)
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konstruktionsdelar LCC mervarde beraknats
vid 4% diskonteringsrana

For att uppratthalla entreprendrernas frihet i Totalentreprenad anbudsprocesser och
mojliggdra behandling av innovativa / olika utféranden.

konstruktionsdelar LCC mervarde
konstruktionsdelar Enhet Enhet kostnad Fast kostnad

(Kkr/enhet) (kkr)
Lager antal set 7.0 54.4
Overgangskonstruktion langd m 5.8 156.4
Kantbalk baffellangd m 1.6 108.3
Malade yta m? 0.4 85.3
Racken langd m 1.0 0.0
beldggning yta m? 0.5 462.0
Draneringssystemet poang set 32.7 0.0
Pister och kottar yta m? 0.4 0.0
overbyggnad yta m? 0.2 0.0
Total bronyta m?2 0.6 0.0
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Upphandling av Karlsnas bron

e De LCC mervarden och konstruktionsdelar LCC mervarden
hade angivits i Totalentreprenad forfragningsunderlaget.

* 5 entreprendrer deltagit, alla av dem ar forslag 3
215

05 05

20,35 35 |25)] 35 35 20

« Kontraktet tilldelas den lagsta LCC budet, med en kostnad av
115 miljoner kronor.

« Trafikverket har sparat 57 miljoner kronor
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Paper V: Holistic Approach
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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.

e 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 Mlonetary

Benchmarks concerning those aspects in an early planning

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

A wildlife crossing bridge over
the European route EG6 in
Gothenburg, 2015.
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LCCA
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LCCA
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Work-Zone User Cost: 61,000 SEK/day




Integration and Evaluation of Aesthetic
Aspects

Weight Average evaluation points p;
Items considered for evaluation factors w; for Proposal no.

(out of 100) = = 3

Structure simplicity and integration with the site 10 -1 2
y from the underpass traffic perspective 10 1 1 -2
Bridge view from above 10 1 -1 2
Symmetry, order & rhythm 5 1 1 2
Bridge Unity of design and harmony of spans 5 o -1 2
form Depth to span ratio 5 1 1 2
as a whole Proportion Deck to parapet depth ratio 2 o o 1
Span to parapet depth ratio 2 o o 1
Parapet design & shape 5 1 o 2
Superstructure Girder Elevation ' 5 o o 2
Cross-section 4 -1 -2 2
Headstock and pier combination 5 o -2 2
Longitudinal pier spacing 4 -1 -1 -2
Substructure Pier cross-section 4 1 -1 -2
Piers
Structural- Pier short elevation 2 o o -2
e e Pier long elevation 2 o o -2
Visible size 4 1 1 2
Abutments Placement 2 1 1 1
Shape 4 1 1 2
Joints and connections 3 o o 1
Details Barriers & railings 3 1 1 1
Lighting, color & embellishments 4 1 1 2
020 o0

Willingness-to-pay-extra for the bridge’s aesthetic appeal: WTPE ¢, (Million SEK) 3.66

Cost equivalent of the aesthetic merit: CEAMX , (Million SEK) -1.06 0.26 -1.83
2nd 3rd 15t
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LCA Results
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Monetary weighting of the LCA Results

Monetar
Impact Monetary weighting Mon Moneta
category factor (SEK/Unit) .Total im;acett:(?;t ‘Total impact cc?;t ‘Total imgact
impact (KSEK) impact (kSEK) impact cost
(KSEK)

GWP kg CO2 eq 2.85 1.9E+06 5,422 1.6E+06 4,548 1.0E+06 2,949
m kg CFC-11 eq -- 1.2E-o1 -- 8.2E-02 -- 1.3E-01 --
kg 1,4-DB eq 2.81 3.3E+05 934 3.6E+o05 1,026 1.9E+o05 525
kg NMVOC 15.97 6.6E+03 106 5.2E+03 83 4.3E+03 68
kg PMio eq 273 3.5E+03 960 3.5E+03 960 2.7E+03 736
m kg U235 eq - 7.1E+04 - 7.0E+04 - 1.3E+o05 -
kg SO2 eq 30 5.3E+03 158 4.5E+03 135 5.0E+03 150

FEP kg P eq 670 4.5E+01 30 5.7E+o01 38 3.5E+01 23
kg N eq 90 21E+02 19 1.6E+02 14 1.5E+02 13
kg 1,4-DB eq - 1.4E+02 - 1.3E+02 - 7.9E+01 —
kg 1,4-DB eq - 5.3E+02 - 4.5E+02 - 3.4E+02 -
kg 1,4-DB eq 1.3E+03 16 1.5E+03 18 11E+03 13
7,645 6,821 4478
76 68 56
3rd 2nd ist

e 100% 89% 73%

2,744
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Life-cycle aspects’ contributions and net
equivalent LCC costs of Proposals
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LCCA for

Forvaltning av
befintliga broar




Bridge Management

Repair or replace a heavily deteriorated bridge?

Road Bridges

Railway Bridges

Paper I: Str. & Infra. Eng. J.
[6-367-1] Bro over Lillan
Construction Year: 1934

Paper lll: TRR Journal
[18-352-1] Bro 6ver Tabyan, Hojen
Construction Year: 1929

The Extended Summary
[3500-2593-1]Bro 6ver Huvudnaskanalen
Construction Year: 1937

An action is required within a 3 years period, CC2

An immediate action is required, CC3

43 2014-03-26
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Strategies Formulation

Strategy B: Utilize the bridge for its residual service

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

Renewal Cost
Repair Cost “r--_L] ..... P
i UserCost !
A e )
User Cost | A
A Extended Residual Service after Repair Residual Service
i : Life without Action
< > L 5
1 1
1
| Annual O&M Cost after Repair | E : Cucr)rgth énngal | Annual O&M Cost after Renewal
: : 0S’
1
J - | 4 ' — 1 1 A A
Today The Current Bridge Today The New Bridge
Service Life Service Life
Sensitivity analysis:
|
Ao 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

4

M ’ Extended Residual Service after Repair

< > Annual O&M Cost
after Renewal

| Annual O&M Cost after Repair |

o1 " i\ 1
Today The end of the new

bridge service life

NV A WNE
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Bridge Management

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

oOunkwneE
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LCCA
genomforande inom

Trafikverket




Parter som deltar | Trafikverket

broar/infrastruktur upphandling
®

®
oy

anbud »

s

@

LCC Forfragningsunderlag
och
anbudshandlingar
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BaTMan-LCC Kurs
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Practical Implementation
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BaTMan-LCC relation with BaTMan

WebHybris

Detailed Info.

,price etc. BaTMan-LCC
(N/Ain (FOLKBRO)

BaTMan)
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Trafikverkets LCC Krav
UB Upphandling Mallar

 LCC analys for Byggnadsverk & Vagteknik

— Skede - Vagplan

Bilaga C1.06 Byggnadsverk, i tva olika skeden (med vidare hanvisning till Bilaga E3.06
avsnitt 4).

Bilaga C1.14 Vagteknik (gor du LCC-analyser aven for detta?) i ett skede (med vidare
hanvisning till Bilaga E3.14 avsnitt 9)

— Skede — Upprattande FFU till TE

Bilaga D2.06 Byggnadsverk, i ett skede (med vidare hanvisning till Bilaga E3.06 avsnitt
22).

Bilaga D2.14 Vagteknik (gor du LCC-analyser aven for detta?) i ett skede (med vidare
hanvisning till Bilaga E3.14 avsnitt 9)
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Trafikverkets UB Upphandling Mallar




Trafikverkets Upphandling Mallar
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FOLKBRO Konsult

Ett litet konsultféretag sikta pa att arbeta som LCC underkonsult
med stort konsultforetag som arbetar med Trafikverket som:
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Thank You

Questions?
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