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ETSI, Bridge Life Cycle Optimization

An Inter-Nordic NordFoU project to develop new
tools and methods for bridge life cycle
optimization
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New Way to Design

Bridge designer makes a life cycle plan and calculates the life cycle effects
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Database

From the data base designer gets the life cycle information of
bridge parts. Cost and duration times of actions are also given.

Nemenclature Title Unit “rear of Action| Maximum delay Unit cost of repair Unit duration Duration |Traffic disturbance
% of (ofth pai
ETSI FIN Elunit construction cost] duration)
1 FOUNDATION
14 [4207 Foundation slab
1 Pstching the surface m2 100 r +25 r 50% o1
* underwater, sea i -50 =01
* underwater, fresh water i -25 =01
1.2 4201.21 |Excavation, soil
1.3 4201.2.2 |Excavation, rock
3
1.4 [1320 Pile
F 1144 M321 Driven piles
B1444 13214 Concrete piles
1 Repair [ n =30 M 200% I o0os I 25%
* design service life 100 years i +50
141.2 1321.2 Steel piles
1 1 Repair [ n =30 [ 200% I oos I 25%
* design service life 100 years " +50
F 1413 1321.3 Wooden piles
1 Repair i 50 r +20 o o100% I 008 r 25%
B
".4.2 1324 Excavated piles
Bored niles

Data base is maintained nationally by the whole branch and in
co-operation with other ETSI countries. It is distributed by road
authorities.
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Life Cycle Plan

Bridge designer chooses bridge parts and plans the maintenance actions
according to Data Base aiming for the most sensible service life

When to go to the bridge and what actions to take
What is the cost and duration of the visit

How long is the traffic disturbed

T = = = . = m . 5 . z
Life cycle plan

General information Common costs 21 %
Project / name
Design service life

Bridge type
Span length
Repair action Unit | Quantity Unit price |Unit duration ‘1=t Repair 2nd Repair 3rd H
year= year= years
duration price duration price duration
[Elunit] [days/unit] [days] WAT 0%, discount [days] VAT 0%, dizcount [days]
rate 0% rate 0%
FOUNDATION

Foundation slab
Pile

Erosion protection

SLOPE AND EMBANKMENT

Embankment, embankment end, back fill LI I k

Soil reinforcement and slope protection

<PVM> e <| aatija> 5 <Toimialue> www.fta.fi Finnish Transport Agency



LCC tool

Malkia Canal Bridge, LCC

Interest Rate

2% 3% 4 %
Investments Costs € 7.380.000f 7.380.000 7.380.000
Maintanence Costs € 720.000 489.000 345.000
Repair Costs € 1.270.000 854.000 597.000
Traffic Costs € 3.157.000 2.133.000 1.533.000
Demolition Costs € 102.000 38.000 15.000
> Present Value € 12.629.000( 10.895.000 9.870.000
B (hvestments A Al
Traffic Costs L
haintainance
- Reparations
- Defnnlitinn Costs /@\




LCA tool

_——._ BridgeLCA
E T S | Results: Size of environmental impact

Excel File Edit View Insert Format Tools Data Window

# 5 % - @ = 4 [E) GFulacen lor. 12 mai 18:52 Helge Brattebe  Q

| | L L i 1
< A [ D E F [ H 1 K
T §
4
s Emission Method Migt results Narmalised
eq ReCiPe f f
(Ozone degletion QDP kg CFC-11 eq ReCiPe 2,53E-01 2.53E-M
Terrestrial acidiication kg 02 eq ReCiPe 4 456402 1,296+01 1286401
Freshwater sutrophication EP kg P aq ReCiPe 5,30E+01 1.28E+02 1.2BE+02
Fassil depletion Close Full Sareen |[FE.01 83 ReCiPe 3 40E+04 210E+01 2.10E+01
Human toxicity, cancer L USEiox 3
Human toxicity, non-cancer HTNC USEtax
ETX USElox 1.06E+03
14
_%5
change EE ReCiPe 4 R 2 Z6E+0Z E]
18 (Ozane depletion ooP kg CFC-11 8q ReCiPe SATE-03 2,84E-05| 3,806 §,58E-03
Terresirial acidibcation kg 502 eq ReCiPe 3.99E+02 1,62E+00 A& Z4EHD1 1.46E+00| 4 ASE+02]
20 Frashwater sutrophication EP kg P aq ReCiPe 5206401 8, 2,83€-02| 1.70E-02| 5,30E+01
[Fossil deplelion kg Sboeq RaCiPe = 1,52E+02 T HE+0 1 3 ADE+D4
22 Human toxicity, cancer HTC USEsox 1,28E-07 B,30E-08 3.54E-08/
(Human toxicity, non-cancer HTNG USEtox 5 45E-06 3.26E-08 8.57E-0D) 5,56E-D6
24 ETX USEtox 1 9.126-01 1
26
28 Normalised LCIA results
30 200402
32 1BOE=Q2
£ 1A0E+02
| ED
‘38 120E+02 | .
LDDE+02 =ap
=ODP
! B.ODE+OL il
B00E+01
45
A4,00E+01
Lk
2,00E+81
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LCE tool, evaluating
Bridge Aesthetics

E:j;

:I.E:"

CL-E"-E'

Class I Class II Class ITI
Item
Pi wi | pi w; Pi wi
ntegration between the bridge and 6 4 2
the site

[Horizontal and vertical geometry 3 2 1
Superstructure (9) (7) (4)

- harmony of spans 2 2 1

- type and shape 4 3 2

- simplicity, slenderness and 3 2 1

transparency

Abutments (4) (3) (3)

- placement 2 1 1

- shape 1 1 1

- visible size 1 1 1
Columns, piers and pylons (4) (3) (2)

- placement 1 1 1

- shape 3 2 1

Railings 2 2 1

[Embellishments, surface colours and 2 2 1

textures

Lighting 2 2 1

z (32) (25) (15)

The bridge site 1s most demanding considering the landscape or city view.

The bridge site 1s demanding considering the landscape or city view.
The bridge site 1s conspicuous considering the landscape or city view.

al Fel
)
> w.p,
—_ i=1
"Erj'el - ] —d i
Z 1 rr' pr’ max
=1
Category Explanation
-2 Poor
-1 Modest
0 Medimm
+1 Good
+2 Excellent
Class T
Class IT
Class IIT
Class IT

The bridge site 1s ordinary considering the landscape or city view.




Applications of the new Etsi method

Design and decision making

Bridge designer can optimize his/hers plans according to life cycle
iIssues and verify the benefits to the client

Client can utilize life cycle view in decision between proposed
alternatives and also in project guidance

Client can utilize the life cycle plan in maintenance planning

Procurement, using standardized methods and tools

Instead of comparing investment prices one can compare life cycle
costs. This opens truly remarkable possibilities for new innovations!

Limits for environmental burdens may be set, or different bonus systems
created based on the values calculated from LCA.

Aesthetical values may be compared (even in monetary terms) using
LCE. This is particularly suitable in bridge design competitions Lk
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Effects on new bridges

*100 years service life affects material choices and their
protection

e Use of LCA friendly wood increases?

*Maintainability and access to the structures gets more
attention?

*More surface treatments and protective layers to postpone
or avoid reparations?

e Aesthetical and cultural values of a site affects design solutions

eTransporting costs affects material choices

*Amount of traffic and possibilities of detours affect materials and design solutions Ltk
enne
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New ideas on heavily trafficked bridges

Why not sometimes build extra
broad bridges to be able to repair
the parapets without traffic
disturbance?

Why not make the water isolation
of “gold” if it would last 100 years?

Should we learn from the quick
erection and repair methods used
In railway bridges?
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Application in the 4 Countries

Positive reaction to life cycle aware design
2012 -> testing period of ETSI

project steering group continues

Finland
Finalizing national specifications and database for LCC
Select weight factors and coefficients for major material for LCA calculations
Tools and databases published in FTA web pages

Life cycle plan, LCC and LCA in to be tested in several pilot projects 2012-
2014

LCE to be tested in some aesthetically important bridge projects
Methods included into bridge design documentation 20147

Imethods included into procurement 2014-2015?
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LCC Specifications

Author Risto Kiviluoma WSP

the guideline gives a full set of open unit data (“first
guesses”) and describes the methodology for a bridge
engineer to prepare and extended LCC-estimate during
the design stage.

160 pp
« 30 pp text

« 70 pp unit data
« example of LCC-estimate

In Finnish, to be translated into English

Sillan elinkaarikustannusten laskentachje
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R&D topics to be solved

Applications to existing bridges

Life cycle viewpoint in selecting rehabilitation/replacement
choices

Evaluating unforeseen design solutions in procurement
What life cycle database values for new solutions?

Including safety costs into LCC

Bridge might be more prone to the accidents than the
other

Evaluation and prices for traffic disturbance
Calculations in city area

What are the real costs and how much can we afford to
compensate?
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