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Agenda

 Introduction

» Benefits of BaTMan & WebHypris for Bridge LCCA

* Bridge Life & the Possible LCCA Applications for Bridges
* Bridge Investment Case Studies & Large-Scale Feasibility

* App. No. (1): The Optimal Road Corridor, Bridges
e App. No. (2): The Optimal Bridge Design
* App. No. (3): Repair or Replace Vag & Jarnvag Broar ?

« BaTMan-LCC Program & BaTMan-LCC Course

e Questions & Discussion
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Introduktion

Syfte:
O Skapa ratt forutsattningar for beslut vid projektering
O Ratt niva pa DoU for agandet av broar sett dver en livslangd

O Optimal totalinvestering for broar

Ta fram det mest kostnadseffektiva
alternativet for samhallet | specifika
fall/objekt
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Introduktion forts.

LCC-berdakningarna paverkas av:
Kalkylranta

Trafikantkostnader
Underhallskostnader och intervall
Val av brotyp

Forvantad livslangd

Politiska beslut

Ovriga samhallskostnader (tex utebliven inkomst for naringsliv)

U O 00 000 O
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ldag och Framtiden

Var star vi idag?

 Kravformuleringar i Forfragningsunderlag (FU)
« Underlag for alternativstudier

Vad kvarstar i projektet?

« Standardiserade tekniska losningar
e Anbudsutvardering
» Kostnadsdatabaser
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Presenter
Presentation Notes
Idag använder vi programmet för Kravformuleringar i våra FU och som underlag för våra alternativstudier.

Vi arbetar med att ta fram ”standardiserade” tekniska lösningar, dvs en sorts erfarenhetsbank där vi kan plocka värden för typbroar.

Vi är idag inte mogna att använda programmet för anbudsutvärdering. Det krävs vidare utveckling och forskning för att komma dit.

Arbeta med kostnadsdatabaser för att kunna gruppera kostnadsposter så att man vet vilken typ av underhåll som påverkar vad och vilken typ av underhåll som bör vägas in i ett projekt.



Introduction

Initial Investment Cost

A
--------------------
i User Cost
St
Major Repair Cost Major Repair Cost
. . Disposal Cost
* Bridge Life-Cycle Cost o P
i UserCost | | UserCost | A
(LCC) A A Er User Cost EE
Operation and Inspection Periodically Repair Cost | | T
Maintenance Cost Cost
G N T ol 1 1

End of life
(60-120) years

Inauguration Day

* The time value of money, discount rate
» Life-Cycle Costing/Life-Cycle Cost Analysis (LCCA)
» Life-Cycle Assessment (LCA)

The concept of the lowest proposal & the concept of
least LCC proposal
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The Swedish Bridge and Tunnel

Management System "BaTMan"

——— £

Myheter

Ny BaTMan-version

BaThar 4.21 kommer st dritaanas
med start ons 2011-10-12 & 16100,
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157 20111013
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Vadlkommen till BaTMan
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| e L el N blanketter ste.
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Man’s Navigation Too
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The Swedish Bridge Stock 2011

Bri F tion T . .
ridge UnCP;?jr;St);liO:n 2 Total No. Of | Bridge Total Bridge Total
Roadway | Railway Bicycle Other Bridges Area (m?) Length (m)
BaTMan's Bridges 23,848 4,411 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
10000 Fo=--------omm- jmmmmmmmm e oo qo=—mmmmmmmmm o [o=mmmmmmmmmmo pom=mmmmmmmmm oo )
! M Slab Bridge M Beam Bridge !
M Slab-Frame Bridge B Beam-Frame Bridge ]
M Culvert Bridge M Earth Filled Arch Bridge Hl< 5m
M Open Spandrel Arch Bridge W Cable Stayed Bridge
W Suspension Bridge thher_Bndg_etvpes_ ________ EHs5m < L <1om

1000 SN - - - - - = BN A Gmmm—————--—-o- ——

Miom <L <20m
H20m <L <30m
E3om <L <50m

100 o I_ . I .. o] ]

Ms5om <L <100m

Number of Bridges

M1oom < L < 200m

10 -- et | CEEETTEERTEE :
i 200m < L < 500m

L 500m < L <1000m

M1000om < L
Concrete Stesl Timber Stone Spedal Material
Bridge Construction Material
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Swedish Bridges Real INV Cost

M Bagbro M Balkbro i Balkram M Plattbro M Plattram W Rorbro i Valvbro

Thousands

30

25 -

20 -

15

10 -

Average Initial Cost atyear 2011 (SEK/m? of the total bridge area)

L<5m S5m=L<10m 10m=L<20m 20m=L<30m 30m=L<50m 50m=L<100m 100m=<L<200m 200m=L<500m 500mz=L< 1000m L 21000m

Konstruktionslangd

The average real initial costs of the Swedish bridges different types, based on cost
data for 2,508 bridges constructed between 1980 and 2011.
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Swedish Bridges Anticipated INV Cost
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The inflation rate for the Swedish bridges initial costs
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Structural-Members Life-Cycle Measures

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

Based on 288 Replacement Actions performed between 1979 and 2010
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Bridge Life and the possible LCCA App.

A decision on whether or not

ldea to undertake the project
° ° °
< Whole-life costing, WLC > (< Life-cycle costing, LCC >

Tender
documents Contract Inauguration

| . ! ! ! v

Early Planning "~.._Building Doc. | Bidding End
& [| Feasibility Study ey & Operation & [| Maintenance | of
Initial Study Design Plan "~ | Tendering Life
4N AN AN
@ @.
Geta prel_lmlnary bridge LCC Propose an optimal Sp_eC|f¥ the optimal Specify the optimal Dec_lde whether to
& specify the most cost- concentual desian bridge’s structural repair strate repair or to renew a
effective road corridor P 9 member P oy bridge
. . Specify the optimal Specify the optimal
bric?psglget;er?ptrlgj?sal structural member’s bridge’s replacement
9 gn prop replacement alternative alternative
I —

LCC Saving Potential
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App. No. (1): Specify the most life-cycle
cost-effective road corridor

TRAFIKPLATS Lag bro med gang och cykelbana
TRAFIKPLATS % HERSTADBERG éver Motala strém
INGELSTA - Y

Ny trafikplats
vid Bravikenvigen

Alternativa strdckningar éver
eller under Lindé kanal

Ny stréiickning och trafikplats
for Arkosundsvigen

STUDERADE VAGKORRIDORER

Omréde or trafikplats

E
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No. (2): Specify the most life-cycle
cost-effective road corridor

Millions

Net Present Value, SEK

60 -

50 -

40 -

30 -

20 -

10 -

10

‘ M Life-Cycle Remedial Action Cost M Bridge Initial Cost M Equivalent Annual Cost ‘

4 5 6 7

9 10

0 500

1,000 1,500

Equivalent Annual Cost (EAC), SEK/Year

2,000 2,500

Thousands
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App. No. (2): Specify the most life-cycle
cost-effective road corridor

2015-07-25

Millions

Net Present Value, SEK

=
=
o

120

g

60

40

20

0 1,000

Equivalent Annual Cost (EAC), SEK/Year Thousands

2,000 3,000 4,000 5,000 6,000

M Bridges Life-
Cycle
Remedial

Action Cost

M Bridges Initial

Cost

4,896

M Bridges
Equivalent
Annual Cost

Total for the entire Bridges in the Road Corridor
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App. No. (2): Propose an optimal

conce

i Proposal Nr. 1'
i T
4

otual design during

Proposal Nr. EI

Praposal Nr. HI
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App. No. (2): Analysis Steps

e Inspections (INS)

¢ Operation and Maintenance (O&M)

* Repair, Replacement and Rehabilitation
(RRR)

¢ BaTMan Standard Actions (BSA)

* Recycling, Demolition and Landscaping

(R,D&L)

For each proposal,
specify the required
life-cycle measures
and their associated,

~

y

~ For each proposal,
assess the target
quantities and the  #%,
initial investment "

¢ Assign the available bridge
propitiates [ For the bridge location,
target quantities

* Get the anticipated bridge initial
investment cost

feasible proposals

o Check out the feasible bridge types

e For each feasible bridge type, check out the
possible bridge configuration.
e List down the technically feasible proposals

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
| .
« Check the proposal associated _ -~ 1 find out the technically 1
1
\ |
\ 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Proposal
No.

Description

Remarks

One bridge, two steel boxes

5 Spans
4X60m + 2X40m
Superstructure depth:
2.3m

Two Bridges, two steel |
beams per bridge

5 Spans
4X60m + 2X40m
Superstructure depth:
Haunch beam
Max. 3.2m
Min. 1.8m

Two bridges, one pre-
stressed concrete box per
bridge

7 Spans
5X50m + 2X35m
Superstructure depth:
Haunch beam
Max. 2.8m
Min. 1.6m

One bridge, two pre-
stressed concrete boxes.

7 Spans
5X50m + 2X35m
Superstructure depth:
Haunch beam
Max. 2.8m
Min. 1.6m

One bridge, one integral-
cantilever concrete box

4 Spans
2X100m + 2X60m
Superstructure depth:
Haunch beam
Max. 6.5m
Min. 2.3m

Mohammed SAFI

)
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Case-Study (1): The Karlsnas Bridge
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LCCA Results

230 | | |

210 M Life-cycle measures cost M Initial investment cost

Millions

190 -

170 -

150 -

130 -

110 -

90 -

Life-cycle cost net present value (SEK)

70+

50 -

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

» At discount rate equal to 4 %, the most cost-effective proposal is proposal
(5) and the least cost-effective proposal is proposal (1).

 The Net Saving in case of implementing proposal (5) in comparison of
iImplementing proposal (1) is equal to 56.7 Million SEK.
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Sensitivity Analysis

v 10
= | | |
é 9 —&—Proposal (1) =—=Proposal (2) ;/ ;/A
= ~—Proposal (3) ====Proposal (4) / /
8 = Proposal (5) %/

Equivalent Annual Cost(SEK/Year)
[#)]

5
a
3 /
2 %
0% 1% 2% 3% A% 5% 6% 7% 8%

Discount Rate

Regardless of the discount rate, proposal (1) is the lease cost-effective
proposal which is associated with the highest equivalent annual cost.

b
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LCCA Guidelines in the Tender Documents
SAFI-Proposal Level

LCCA Guidelines in the Tender Documents
Proposal No. 1 2 3 4 5
Anticipated INV Cost (M SEK) 169.94 110.13 116.96 124.20 115.55
LCM Cost NPV (M SEK) 15.86 19.33 14.79 13.61 13.58
Total LCC NPV (M SEK) 185.79 129.46 131.75 137.80 129.13
Cost-effectiveness Rank Worst | Second best | Third best Fourth best Best
SAFI (K SEK), Bridge-Owner | 2,272 | 5,750 1,210 22 0
During the Bid Evaluation Process

INV Cost (M SEK) 163.6 124.8 121.6 145.6 -
Total LCC NPV (M SEK) 165.87 130.55 122.81 145.62 -
Cost-effectiveness Rank Worst | Second best Best Third Best -

22 2015-07-25 Mohammed SAFI

& TRAFIKVERKET




LCCA Guidelines in the Tender Documents
SAFI-Structural Member Level

Sub-SAFI Proposal (1) Proposal (6)
Target Part Unit | Free BQ | UnitLCM | . . N Sub-SAFT Target N Sub-SAFI
cost Variation | Sub-total > Variation | Sub-total
(K SEK/Unig) | &N KSEK) | dwananes (K SEK)
Bearings number set 6 7.01 54.42 22 154 14 8 56
E;izage ystem set 5 32.67 0 2 65 7 2 65
Edge beam length m 676 1.62 108.30 0 0 676 0 0
Expansion joint length | m 89 5.78 156.37 -45 -258 45 -45 258
Painted area m? 0 0.35 85.29 6,315 2,310 6,315 6,315 2,310
Parapets length m 676 0.99 0 0 0 676 0 0
Paved area m? 7,267 0.53 462 0 0 7,267 0 0
Slops and cons area m? 2,141 0.38 0 0 0 2,141 0 0
Supertstructure area m? 7,176 0.14 0 0 0 7,176 0 0
Total bridge area m? 7,537 0.62 0 0 0 7,537 0 0
SAFI ( K SEK), Contractor 2,272 2,174
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Case-Study (2): The Kolbacksan Bridge

,[b TOT L BLOLENEL < | 17314 w
| - 3¥-e ,[. Y o | " 2E. o : "{
- — - = ===
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I Vil Hoso 4~

M Anticipated Investment Cost M Life-Cycle Measures Cost
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1.00 [ K 3.50 [ [ L EDL K 350
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70

Millions
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e
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50

40
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20

Cost Net Present Value , SEK

If 10 -

|
H/ HoesrA 4
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Comparing proposal No. 1 with 4, Trafikverket can save 10.6 Million SEK.

5tal Balkbro Betong Balkbro 5tal Lada Balkbro Betong Lida Balkbro  Stanless steel | Beam

b

ih
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Large-Scale Feasibllity

« Based on both case studies: The average net saving is equal
to 8384 SEK/m?.

* |t can roughly be said that Trafikverket is expected in the
coming ten years to annually build an average bridge total
area of 55000 m? that are equivalent to of 200 bridges.

e Consider that 50 % of the Trafikverket's new bridges might be
subjected to a wrong decision.

* This means that Trafikverket can annually save 230 million
SEK. This annual loss is 220 million SEK as initial investment
cost and 10 million SEK as LCM cost.

r:r
WS
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App. No. (3): Repalir or Replace Vagbro?

Paper I. Struc. & Infrastructure Eng. J. Paper Il: TRR Journal
[6-367-1] Bro over Lillan [18-352-1] Bro 6ver Tabyan, Hojen
Construction Year: 1934 Construction Year: 1929

(Residual service life is not more than three years, if no action is taken CC2)
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App. No. (3): Repair or Replace Jarnvagbro?

Bridge General Information Bridge Layout

Konstruktionsnamn: Bro 6éver Huvudnadskanalen km
29+709

Konstruktionsnummer: 3500-2593-1
Konstruktionstyp: Stal Balkbro fackverk fritt
upplagd

Nybyggnadsar: 1937, 67 Ar gammal
Konstruktionslangd= 47 m
Konstruktionsbredd= 5.7 m
Konstruktionsyta= 268 m?

Water depth at mid span: 12m
Superstructure depth restrictions <1.8 m

27 2015-07-25 Mohammed SAFI
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Large-Scale Feasibllity

 The bridges should not be repaired and should be replaced
after utilizing their residual service life.

 The analysis shows that, the opportunity loss is equal to 241
SEK/year/m?
« Trafikverket is responsible for:

— 23,948 bridges with a total bridge area of 5,516,590 m?
— 6,268 bridges older than 70 years, total bridge area of 619,944 m?.

« Consider that 50% of the Trafikverket’s old bridges might be
subjected to wrong decision, This means:

— Trafikverket can save 74.7 million SEK each year

* This loss will stand for 20 year, this also means:
— Trafikverket can save 1.49 billion SEK during the coming 20 years
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BaTMan-LCC Program

Specify in which bridge investment phase are you now & What do you want to do

: . Building
\'h
Early Planning 4 . “~.. Document Bidding -t . End
& ] Feasibility Study Deasign ™%~ & Operation |:|.. & Maintenance of
Initial Study F‘Iar? "‘n.\_ Tendering Life

7N NS SIS NN 4

Get a preliminary bridge LCC
& specify the most cost-
effectiveroad's corridor

Specify the
optimal bridge
design proposall

Propose an optimal
conceptual design

Specify the optimal
bridge's structural
member

Specify the
optimal bridge
repair strategy

Decide whether to repairor
to renew a bridge

Evaluatethe bridge
aesthetical & cultural value

Specify the optimal structural
member'sreplacement alternative

Specify the optimal bridge’s
replacement alternative

BaTMan-1LCC

Bridge Life-Cycle Cost Optimization
Version 1[2012-07-10]

@in
wy

o

TRAFIKVERKET
SWEDISH TRANSPORT ADMINISTRATION

Program Map
&
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i 1
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Analysis Steps

Developer:
Mohammed SAFI, PhD Student, KTH
mohammed.safi@byv.kth.se
Supervisors:
Prof. Hakan SUNDQUIST, KTH
Prof. Raid KAROUMI, KTH
Dr. George RACUTANU, Trafikverket
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ROYAL INSTITUTE
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BaTMan-LCC relation with BaTMan

WebHybris

Detailed Info.
,price etc.
(N/A in
| BaTMan)

BaTMan-LCC
(KTH)

| NATIONELL
£\ VAGDATABAS
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BaTMan-LCC Course

e Course Coordinators:

o Peter Simonsson
e Mohammed Safi
 George Racutanu

» 7 Super-Users

e Course Outlines

e Frist Session:

e November 12, 2012
e November 13, 2012
e November 14 , 2012

e Second Session:

 December 4, 2012 _ |
* December 5, 2012 e e
e December 6, 2012

« Summing Up day 2013
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