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Nordic Road Association (NVF)

The Nordic Road Association (www.nvfnorden.org) aims at developing the road and road transport sectors in Northern Europe through
professional cooperation between experts from all Nordic Countries. NVF was founded 1935 and has reached well known and recognized status
among professionals on its field.

Bridges Technical Committee

Bridges Technical Committee handles bridge engineering tasks under the auspices of NVF. The tasks are mostly specific to Nordic and Northern
European existing and new bridge stock. Among other activities, the Committee arranges annual conferences on various technical matters. The
theme of the year 2010 conference is "Bridges in Service”.

Goal of the conference is to get insight into today’s specialist demands of management, maintenance, repair and rehabilitation of existing and
new bridges.

First day of the conference: Wednesday the 1%, September 2010
Venue: Bjgrvika konferansesenter, Oslo Atrium, Christian Frederiks plass 6, 0051 Oslo
Home-page: www.bjorvikakonferansesenter.no

Conference banquet is arranged at Ekebergrestauranten, Oslo.
Home-page: www.ekebergrestauranten.com
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Program Wednesday 1, September 2010

09:00 Registration

10:00 Opening of the conference Jarn Arve Hasselg, NVF
10:05 Introduction Risto Kiviluoma, NVF

Part 1 Historical bridges, Chair Jarn Arve Hasselg, Norway

10:20 Protection of historical bridges in Norway Ingvill Hoftun
NPRA, Norway

10:50 Historical bridges in Iceland Gudrun pora Gardarsdottir
ICERA, Iceland

11.10 Historical bridges: Gamla Arstabron Kurt Palmqvist
Trafikverket, Sweden

11:30 Coffee break

Part 2 Bridges in service, Chair Risto Kiviluoma, Finland

12:00 Bridge management systems Lennart Lindblad
Trafikverket, Sweden

12:20 Probabilistic methods for materials/load resistance 1b Enevoldsen

Rambgll, Denmark

13:00 Lunch
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14:00

14:20

14:40

15:00

15:20

15:40

16:10

16:40

17:10

17:30

17:50

19:30

Use of Probabilistic methods

Special inspections of bridges
Reinforcement of bridges

Bridge parapets

Results from field test of concrete coatings

Coffee beak

Rolf M. Larssen

Aas Jakobsen, Norway

Carsten Henriksen

DRA, Denmark

Bjgrn Taljsten

STO Scandinavia Sto Scandinavia/Luled tekniska universitet, Sweden
Otto Kleppe

NPRA, Norway

Eva Rodum

NPRA, Norway

Part 3 New bridges, Chair Morten Wright Hansen, Norway

Experiences from bridges in service used to
design new bridges

ETSI (Life Cycle Optimisation project) — Final
report

Finnish life-cycle-cost design guideline

Challenges in bridge designs and maintenance for
future problems
Conclusions and closing of seminar

Conference banquet

Knut Grefstad

NPRA, Norway

Matti Piispanen, FTA, Finland
Otto Kleppe, NPRA, Norway
Risto Kiviluoma

WSP, Finland

Jens Sandager Jensen

COWI, Denmark

Jarn Arve Hasselg

NVF



Annual Bridge Conference 2010
1-2 September 2010, Oslo, Norway

Bridges in Service

Pro gram Thursday 2, September 2010

Technical tour in bridge projects on E6 motorway
08:30 Departure from hotel

E6 Kolomoen

— new bridge

— bridge parapets in Corten-steel

— new equipment (LED-lights, angled attachments of signposts
12:00 Lunch
13:00 E6 Minnesund

Minnesund bridge
— widening of carriageway from 2 to 4 lanes

Langset bridge
— rehabilitation of old bridge

Julsrud bridge
— widening of carriageway from 3 to 4 lanes
15:30 Bus transport to the airport and to the city

16:00 Bus arrival to Gardemoen Airport
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Bridges Technical Committee 2008-2012
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Nordic Road Associlation

3 established 1935
3 model taken from PIARC's organisation and ways of working

- aims at developing the road and road transport sectors in
Northern Europe through professional cooperation

3 more than 800 participants in the work of its Technical
Committees, Theme Groups and 6 National Boards

3 participants represent 300 Member Organisations

3 leading country is circulated every 4th year. At the end of the
period the major conference Via Nordica is arranged



Bridges Technical Committee (TC)

| Bridge engineering (design, construction, operation, maintenance)

31.8.2010
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Chairmen and secretaries (2008-2012)

: Risto Kiviluoma, Olli Niskanen FINLAND (leading country* of TC)
I Henrik Elgaard Jensen, Vibeke Wegan DENMARK

3 Baldvin Einarsson, Gudrun bora Gardarsdottir ISLAND

I Jorn Arve Hasselg, Morten Wright Hansen NORWAY

i Martin Laninge, Anders Samuelsson SWEDEN

- Bjarni Petersen FAROE ISLANDS

* circulated every 4th year

31.8.2010 4



Methods of work

=  Annual NVF Bridge Conferences
= arranged at the first Wednesday of September
= two days program
= conference themes based on priorities by the organizing country

31.8.2010

2\



Annual NVF Bridge Conferences

= 2012 Via Nordica, Reykjavik, Iceland

= 2011 Copenhagen, Denmark

= 2010 Oslo, Norway

= 2009 Gothenburg, Sweden

= 2008 Via Nordica, Helsinki, Finland

= 2007 Reykjavik, Iceland

7 2006 Helsinki, Finland

= 2005 Copenhagen, Denmark

= 2004 Via Nordica, Copenhagen, Denmark

31.8.2010
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= TC chairmen & secretary meetings
= 3 physical meetings annum
= telephone & Internet meetings when needed

31.8.2010
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local bridge group meetings
= 2-3 physical meetings annum in each country
= technical tours and presentations

31.8.2010
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International co-operation and networking

= BRA, IABSE, PIARC, national professional organizations

= versatile language code in TC work:
= TC Chairmen & Secretary meetings and correspondence: English
= Annual NVF Bridge Conference “plenary sessions”: English
= workgroups meetings and reports: up to workgroup leader
= Nordic networking: Nordic languages

31.8.2010

\
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= technical work in Workgroups (“projects”)
= own leaders, plans and meetings
= only experts of the specific area are involved

=  reporting options: written report downloadable on NVF web side or
workshop slides on NVF web page

= workshops
= arranged by workgroups

31.8.2010 10
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Workgroups (2008-2012) and their leaders

3 Self compacting concrete
. Synngve Myren, Statens vegvesen (NO)
- Eurocodes
" Heikki Lilja, Finnish Transport Agency (FI)
- Structural monitoring
" Risto Kiviluoma, WSP (FI)
- Procurement methods
. Claus Ngdgaard Hansen, Danish Road Directorate (DK)
- Bridge maintenance
" Knut Grefstad, Statens vegvesen (NO)

31.8.2010 11



Nordic Bridge Prize

2 awarded every 4th year in a ceremony in Via Nordica

1994 1998

31.8.2010

2\l
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For more information, presentations of previous conferences, etc. please visit

www.nvfnorden.org

Slides prepared by Risto Kiviluoma

31.8.2010 13



Cultural Heritage of Bridges

Liv Marit Rui and Ingvill Hoftun
The Norwegian Public Road Administration



National Plan for the Protection of Roads,
Bridges and Associated Cultural Relics

e A Mission from the Ministry of
Transport in 1997 — The Plan was
finished 2002

e The selection consists of 270
roads, bridges and buildings, along
with 140 machineries

e The selection is based on sketches
of road history, on a national as
well as a regional level.



The National Protection Plan

~ The aim of the Protection Plan
has been to obtain knowledge
about, and ensure for the
future, a selection of historical
road and bridges that are
representative for the
Norwegian road history from
around 1537 and to the
present day (1990)

Typical relics showing part of the history, has been chosen. They
represent main principles of road building in Norway from The Silver
Road, the first public carriageway from the silver mines from the
1620s, to the latest building of motorways of the 1990s



Bridges in the National Protecton Plan

~ Bridges were chosen

from the whole
history of bridges and
from the whole
spectrum of bridge

types

40 single bridges are
protected by law (the
Cultural Heritage Act)

6 bridges had a
former legal
protection

~ A number of bridges

are included In a
historic road
environment, some of
them don’t have a
protection law



The Oldest Bridges

v Until the last part of Ca 1800
the 1700s, bridge
construction was
based on experience

» Exact theories or
formulas for
dimensioning did not 1887
exist

» Most bridges was built
INn wood whish has
disappeared



Early Stone Arch bridges

~ A lot of stone arch bridges
were built during 1800
century

1889
1829



Bridges In Iron

~ During the 1800s,
bridges were built In
all parts of the
country, using many
new technigues and
materials

In 1837 Fosstveit bridge (Nes
jernverk) was built in cast iron

1892



Early Suspension bridges

~ The industrialism
brought new
materials and
scientific methods
for the
dimensioning of
constructions.

~ The first Norwegian
suspension bridge
here in the country,
Bakke bridge, was
built in 1844



Development in Material Technique In
early 1900

~ Beyond the 1800s, it was 1905
possible to produce
affordable iron and enough
quantities

~ During 1900s, steel cables,
cement mortar, concrete
and reinforced concrete
were introduced

1906



Stone Arch bridges in early 1900

~ Many new arch
bridges were
built, constructed 1914
of cutted stones
with cement
fillets, allowing
longer spans.



Bridges Iin 1950’s

v Steel girders with concrete
bridge deck were 1962
Introduced, and a number
of steel latticework bridges
were constructed in this
period.

The production of cables gave
suspension bridges a
renaissance

1959



Bridges in 1960-70’s

~ The development of cantilevered building

techniques and prestressing, made concrete a key
building material.

~ During the 1960s, individually formed
constructions poured on-site were dominant. The
Bridges connected over many wide fjord-arms

1960



Bridges in 1980-90'’s

: . 1988
~ Over time, pre-fabricated

elements came into use,
and standardised
solutions were developed

Later in the period, more
iIndividual and on-site
solutions are again used, as
a result of the increased
focus on adaptation to the
1996 locality and on aesthetics



Other Bridges Iin 1990’s

During the 1990s, wooden 1992
bridges made a comeback

after the development of

laminated beams.

~ Floating bridges represent
another novel technique
providing new opportunities, in
particular for deep and broad
straits rendering other types of
bridges unsuitable.

~ Two such bridges have been
built, the first of their kind in
the world without lateral
1997 foundations, only anchored at
the end point.



Conseqguences of the protection

A plan of management has been made for each
object, containing instructions with regard to the
maintenance of the object.

The final administration of the highway relics is to
follow the normal routines.

The challenge is to get enough money to bridges
that is not in daily use

For bridges that is in use the challenge is to
maintain the original expression/view



Thank you!



Kalvebakken 1911
Hvelvru



Grenlandsbrua 1996
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Historical bridges in Iceland

NVF - seminarium

Oslo 01. - 02. September 2010
Bridges in service.

Gudrun Thora Gardarsdottir ICERA
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The first bridges in Iceland were
timber bridges, which did not
last long, none af them are left.

In Reykjavik two stone arch .
bridges were built one in
1845 and the other one in
1866.




nvf

«#— Inthe late 19th century there was a demand for
bridges which would last longer than the timber bridges —
the first steel bridges were built. They were suspension
bridges of steel with timber plank deck and were
supposed to withstand horseback riding and pedestrian
traffic.

The first one
was over
Olfusa built in
1891, the
longest span
was 75 m. The
designers were
Vauchan &
Dymond,
Newcastle.
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The next one
was over
Thjorsa, built
In 1895.

It’s longest
sSpan was 78
m.

The bridges
could
withstand
load up to
400 kg/m 2.
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L‘!f Ornolfsdalsa



The bridge over Ornoélfsdalsa was built in 1899, the
longest span is 33 m. The bridge is the only bridge
from the 19th Century which is still in use.



nvf

The renovation of the bridge over Ornoélfdalsa has
already started in memory of those suspension bridges.



L‘!f Blaskeggsa
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The Bridge over Blaskeggsa was built in 1907.

It was the first concrete bridge outside Reykjavik.
Jon borlaksson, State Engineer, was the
designer.
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The arch is 6,9 m long and 2,8 m wide, resting on
foundations built of stone.

The bridge was renovated in 2009. It is the only bridge in
Iceland which has been proclaimed inviolate.



nvf  Fnjoska
"



nvf The bridge across the river Fnjoska was built in
“@7 1908. It’s arch of reinforced concrete, spanning

54,8 m, was the longest in the Nordic contries

It was
designed
and
constructed
by Christiani
& Nielsen of
Copenhagen.
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Originally intended for horsemen and horse-drawn cart,
the bridge was used for all vehicular traffic until 1968, but
since then for light traffic only. In 1993 the bridge was
restored to its orginal form.



JOkulsa a Bru near Hakonar '
an u U near Hakonarstaoir
C O



nvf
W

The bridge over Jokulsa a Bru was constructed in 1908.
It was a steel bridge 27 m long and was bought ready-
made from the United States of America, where it was
designed by the American Bridge Co.



nvf At first it was built to carry pedestrians and
horses only, but later it was altered a little to
withstand the traffic of motor vehicles as well.
This is the oldest bridge in the country still used
for automobiles.



nvf Elligaar
T



Bridges over Ellidaar

On the way east from Reykjavik are the rivers Ellidaar.
The east and west river were bridged in 1883. They were
timber bridges 10,7 m and 12,6 m long and rested on cut

stone abutments.



In 1919 to 1920 they were rebuilt as
reinforcement concrete beam bridges. The
old abutments were used, but were raisen.

T ——
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Those
bridges are
still in use
today but
only for a
light traffic
such as

when the
mayor goes
fishing.



nvf Vesturds Héradsvatna



nvf Bridge over Vesturds Heradsvatna

The bridge was built in the years of 1925-1926.



nvf Bridge over
“ Vesturos
Héradsvatna

The bridgeis a 113 m long
concrete bridge in 7 spans
and resting on concrete
piles.

The bridge was renovated
In the year 1995.



an Vesturds Héradsvatna

There used to be a ferry to come across
the river before the bridge was built.



nV,,f Hvita near Ferjukoti



an The bridge over Hvita was built in the
summer 1928. It is a concrete arch
bridge in 2 spans, total length is 106 m.



NVE  There used to

“ be aferry
over Hvita in
Borgarfjorour
before the
bridge was
built.

The bridge In
construction.
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The bridge in construction.
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nvf Skjalfandafljot near Fosshall
C O



nvf The bridge over Skjalfandafljot near Fossholl

The first
bridge over
Skjalfandafljot
near Fossholl
was atimber
bridge resting
on a stone
foundations
built in 1883.
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The next
bridge over
Skjalfandafljot
near Fossholl
was a steel
bridge built in
1930. It was a
steal girder
bridge with
timber plan
deck.

The total length is 71 m, the longest span is 37 m.



The bridge over Skjalfandafljot near Fossholl in construction.
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The
bridge
was in full
use until
the year
1972. Itis
now used
for horse
and foot
traffic.



nvf Markarfljot
2



nvf Markarfljot
C O

In south
Iceland the
river
Markarfljot
spred out over
a large area.
Formerly a
great obstacle
to travellers.
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To be able to i s B
e —

bridge the

glacier river it ==
was necessary
to narrow the
channel.
Therefore
embankments
were built
along the
riverside.

The first embankment was built in 1910 to protect
the farmland in Eyjafjoll from the river.
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The bridge | |1
over
Markarfljot
was built in
1933. It was
a reinforced
concrete
bridge, 242
m long in 12
spans.




These photos are from the day of dedication in 1934.
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In 1990 one
of the
abutment
sank down
about 20 cm.
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The bridge was built as a Gerber bridge so it did not
collapse. A new bridge was built 5,6 km downstream
from the old one.

The old bridge was just used by local farmers.



an During the eruption in Eyjafjallajokull two flash
floods occured in Markarfljot and National route
1 was cut at the bridge at Markarfljotsbru.
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The old bridge over
Markarfljot.

The photos are not
taken at the peak of the
flood.



an 16.4.2010
C O

News in English: Volcanic eruption under
Eyjafjallajokull glacier

Repairs to the “old” bridge at Markarfljotsbru have
been made and the bridge is open to light vehicle
traffic whose total weight does not exceed 12
tonnes. Traffic over the bridge will be supervised by
the local emergency operations centre at Hvolsvollur
and priority will be given to vehicles transporting
foodstuffs and fodder for livestock.
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So old bridges have a second life!
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Thank you



Gamla Arstabron

Repair and
strengthening of
the concrete arcs

Kurt Palmqgvist

@
&

i == e S )

e gl )]

; _ :..1 T _.:- i _ e . :-
.'I. :.. ,- s : .-.' ik '.. o
= ¢ 1 o} -._irﬂi Sl

=i e ] a
TRETT _L-_ -k

TRAFIKVERKET
SWEDISH TRANSPORT ADMINISTRATION




Gamla Arstabron

1. Background and facts
2. Repair and strengthening of concrete arcs
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Gamla Arstabron
Facts

 The Bridge was built between 1925 and 1929

 The Bridge contains of 20 concrete arcs, one liftspann and one main
steel arc and has a total length of 753 m

 The Bridge is a cultural monument since 1986

?F: TRAFIKVERKET
S
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Gamla Arstabron
Orientation
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Gamla Arstabron

TRAFIKVERKET
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Gamla Arstabron
Overview
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Gamla Arstabron
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Gamla Arstabron
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Gamla Arstabron
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Gamla Arstabron
Completed bridge in 1929
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Gamla Arstabron
Investigation of Bridge overall condition in the 90’s

« The concrete arcs
Calcium leaching, local parts of loose concrete, partial corrosion of
reinforcement

 The liftspann
Need for change of steel span

e The main steel arc
Reinforcing of foundation for the main steel arc and repainting of the
beams inside the trackzone

11  2010-09-01




Gamla Arstabron
Overall plan of 2001

« Total renovation of the bridge in connection with the construction of
the new railway bridge over the bay of Arsta

 The bridges will after the restoration of the old bridge act together in
a four track system

12 2010-09-01




Gamla Arstabron
Connection to the Stockholm City Line
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Gamla Arstabron
Planned technical measures of 2001

Concrete arcs
 New drainage system for the superstructure
* Local repair of concrete surface

14 2010-09-01




Gamla Arstabron
Design of the concrete arcs
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Gamla Arstabron
Original drainage system for the superstructure
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Gamla Arstabron
New drainage system for the superstructure
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Gamla Arstabron
Renovation works 2004 - 2006

The Bridge closed for trafik during summer —autumn 2005

e Excavation of superstructure and installation of new waterproofing

« Close inspection of the damages to use as basis for the decision of
how to repair the local parts of the concrete surface

 New steel spann (the old liftspan)

e Painting of beams in track zone (main steel arc)

 Reinforcement of the foundation of the main steel arc

?F: TRAFIKVERKET
S
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Gamla Arstabron
Inspection of damages of the concrete arcs
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Gamla Arstabron
Inspection of damages of the concrete arcs
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Gamla Arstabron
Inspection of damages of the concrete arcs

Constructi
on joints

)
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Gamla Arstabron
Questions after the inspection of damages

e Current load capacity?

« Bridge in service december 20057
* Restrictions of the traffic? (current traffic approx. 275 trains/day)

 Heavy transports?
 Reparation HOW? WHEN? (cultural monument)

 Remaining life in service?

22 2010-09-01




Gamla Arstabron
Calculations

 Required safety for traffic

« Materialproperties (weak zones, stone skeleton)

« Status of existing reinforcement (now and in fifty years)
e Linear elastic analysis

 Non-linear elastic analysis

« Calculation model calibrated against measurements

?F: TRAFIKVERKET
S
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Gamla Arstabron
Strengthening of concrete arcs (F)

\ New side of arc

Transverse rods

New bottom of arc

@i
!.-I-! TRAFIKVERKET
o
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Gamla Arstabron
Strengthening of concrete arcs (F)

 New reinforced concrete cover interacting with existing arc (F)

* Concrete with strongly reduced shrinkage

 Prepack concrete

A\
\\;ny bégstrimla
tvarstag

pégjutning uk bége

« Existing reinforcement in the construction phase / in 50 years

@in

T TRAFIKVERKET
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Gamla Arstabron
Strengthening of concrete arcs (F)

e Strengthening of bridge in service (ca 275 trains/day)
 Very comprehensive and detailed technical description

 The strengthening work contains very small margins and leaves no
room for errors inte execution.

e Detail-driven and supervised hydrodemolition works
« Every worker at the site has got a specialized information

e The strengthening has to be done in phases

26  2010-09-01




Gamla Arstabron

Phases of strengthening work (phase 1 — 3)
Phase 1

e Dirilling for transversal rods

 Hydrodemolition of the first side of the arc
 Reinforcement and re-casting of the first side of the arc

27  2010-09-01




Gamla Arstabron

Phases of strengthening work (phase 1 — 3)
Phase 2

 Hydrodemolition of the second side of the arc
 Reinforcement and re-casting of the second side of arc

e Installation and tensioning of transverse rods

28 2010-09-01




Gamla Arstabron

Phases of strengthening work (phase 1 — 3)
Phase 3

 Hydrodemolition of arc bottom

 Reinforcement and re-casting of arc bottom

)
TRAFIKVERKET
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Gamla Arstabron
Mold, reinforcement and aggregate of phase 3

)
TRAFIKVERKET
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Gamla Arstabron
Mold, reinforcement and aggregate of phase 3

)
TRAFIKVERKET
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Gamla Arstabron
Mold, reinforcement and aggregate of phase 3

)
TRAFIKVERKET
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Gamla Arstabron
Thanks for your attention

)
TRAFIKVERKET
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NVF

Annual Bridge
Conference
2010

Bridge

Management
Systems

Lennart Lindblad
National Co-ordinator
Bridge Management

@
T
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BMS prototype 1992 (OECD)

Management inputs
Activities:
Funding
— .
Inventory . Constraints
Costs: . -
Min. conditions
: — Agency
Inspection
User
Outputs
Maintenance | —
i Needs
Construction | ——| &
3 Bridge A Bln:ts : Predictions
Traffic o conditions nalytica .
—

surveys a Process Options

v Costs
Accident
reporting -

Deterioration
Cost prediction _ '
i Feasible actions

accounting -~

Engineering inputs

@F‘ TRAFIKVERKET
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The BaTMan System

Overall management ”
Policies Rules Directives Routines
w Bridge management activities
Object databases Knowledge databases

Administration
Maintenance

Measuring methods

Technical design o
Trafficability Condition development
Damage ae====

Planned actions Technical solutions

Performed actions
Traffic flow

Unit prices

Processing modules

Inspection | Planning | Planning |Procure- | Verifica-| Result | Load-bearing |Exceptional
object |bridge stock| ment tion |analysis | classification | convoys

@F‘ TRAFIKVERKET
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A National Internet System

Port of

Gothenburg
Stockholm

Transport

Swedish
Association of

Local Authorities \\ /

| X L <=, City of
Swedish im Stockholm

PI=1C

Transport -
Administration

\

State-subsidized
Private Roads

RAFIKVERKET

@in =
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The BaTMan System — https://batman.vv.se

)
TRAFIKVERKET
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The roles of a Transport Administration

17 Products

Functional
properties

Transport
Administration

Effectiveness

Socio
economics

Cost
optimization

Activities

@i
!.-I-! TRAFIKVERKET
o

SWEDISH TRANSPORT ADMINISTRATION
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7

Classification of deliveries —

bridge database information (examples)

Bridge over River
Black in East
Village

Id-no. 10-4678-1

Classification of deliveries

Standard

Condition

Functional property

Normal

Temporary
Traffic

Temporary
Society

Normal

Bearing capacity

D11

D21

Al

Accessibility

Robustness

Safety

Comfort

Aesthetics

2010-09-13
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The bridge management process

y

Short Term
Planning

;

Object Planning/

o)

S

)

+—

0

>

(@)

~~

()

= Measures

E — Ve Ny -

g Condition Requirements
= ' measurement \ Ob]ect P|anning/ ; SpeC|f|Cat|0n
@ l Function

=

}3 = Delivery < Measures <— | Procurement
i ]

- Strategic management (road infrastructure)

Il Operative management (road infrastructure and structures)

2010-09-13
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0

S
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Integrated processes

?F: TRAFIKVERKET
S
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Simulation tool for long term planning

; E
: L0 atabas 2w :
| [ Data-
; files

Input
model files

10 2010-09-13

/

Simulation

!

Scenario
specifcatio
A

/

O

User

v

Simulation
results

AnMésB
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R
S’

TRAFII{VERKET

DMINIST

RATION



Development of forms of contracting

I Specified activities I

/

Object >Network

BN

i Specified p"erformance W

11  2010-09-13




Bridge maintenance package contracts

Contract specifications of measures
(objects) and performance (network)

Preventive and corrective
maintenance

Takeover Delivery

12 2010-09-13




Bridge maintenance package contracts
Ca 5 years, 100-200 mkr and 400-600 structures

)
TRAFIKVERKET
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Accessibility for heavy vehicles

)
TRAFIKVERKET
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BMS International overview

)
TRAFIKVERKET
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BMS — Essential for a successful management

Sustainability
Effectiveness

Customer benefit

)
TRAFIKVERKET
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Probabilistic methods for materials and
load resistance of Bridges

Ib Enevoldsen — Head of Bridges, Rambgll, Copenhagen
Ibe@ramboll.dk, http://www.ramboll.dk



STATEMENTS

= Bridges are much safer than generally documented
= Modern methods can demonstrate higher safety

= Tremendous savings can be obtained by avoiding strengthening
and replacement of bridges



* Bridge analysis is a mature field of expertise based on tradition
and a large degree of conservatism

= The society of bridge engineers is more focused on
standardisation than innovation

= We waste money!



Route network for special heavy permits Iin

Denmark

= The Danish Road Directorate (DRD) is
responsible for the 3500 km national road
network and approximately 2100 smaller
bridges and 50 special bridges and tunnels
on this road network.

= The main focuses of attention for the DRD
are on safety, preservation of invested
capital and availability of an uninterrupted
traffic flow.

= In response to these challenges the
Danish Roads Directorate (DRD) have
(i) established a so called Blue Road
Network which comprises roads with
no bridges having a class less than
100 and (ii) have produced a guideline
for probability based assessment of
structures on the network which fail
deterministic assessment.



Problem: Lack of load carrying capacity

= Weak bridges
= Deteriorated bridges

Low budgets for strengthening or rehabilitation

Idea: Determination of higher capacity

= Advanced analysis models

Motivation: Cost saving



Advanced analysis models in assessment of bridges

e Advanced 3D FEM analysis

e Plastic limit state analysis

e Probability-based analysis and assessment
e Fatigue analysis

e Risk analysis

e Dynamic analysis

e Safety-based maintenance management



Assessment of bridges as a decision process

BASIS:Traditional standard assessment

Principle for refinement of assessment:

The benefit of further modeling or procurement of information must be
shown in advance

= ldentification of significant parameters

= Documentation of the importance of the particular modeling

Experience, sensitivity analysis and parameter studies



Probability Based Assessment of bridges

Motivation and Benefits

= Individual bridge assessment without compromising the
safety level

= Saving of costs for strengthening or rehabilitation projects



Safety approaches for assessment of existing bridges

The general approach
Based on codes for bridges
= New bridges
= EXxisting bridges
Generalisation
= Partial safety factor format
» Load specification

= Many types of bridges

Benefit
= Efficient and easy to use
Drawback

= Costly in case of lack of
capacity



The general approach

Banverket
”"Barighetsbestamning av
jarnvagsbroar”

BVH 583.11

Vagverket. "Allman teknisk
beskrivning for Klassnings-
berakning av vagbroar”.



Conservative combination of extreme cases

000 BOOO
e Conservative capacity models v sl Tzen |
e Conservative response models Lane 1 Lane2 | I

»
- Conservative load magnitudes 1 s L mml ] )2y l!
e Conservative location of loads \ \\ m;;: = [/ /
- Conservative impact factors Conservative load modelling

e Conservative occurrence models



Log-Normal distribution
10.9 118 10.9

o 6.5 6.5 6.5
oo v 32 $1.4y 1.4 l1.4l1.4l

0,012
0,01

e L— 11.5 11-597.5 15.1 951 11.5

0004 7.0 7.0 9.5 9.5
" l1.4l 3.2 l1.4l 6.0 l1.4l1.4l1.4l1.4l1.4l

T T T T T T
380 400 420 440 460 480 500 520

The individual approach

Concept: Method:

e Don’t necessarily have to fulfill Probabilistic-based assessment
the specific requirement of the

general code Uncertainties of the specific

conditions:
e Overall requirement for the

safety level must be satisfied = Traffic load

» Capacities

Purpose:
= Cut strengthening or = Models
rehabilitation costs Bridge specific “code” is
obtained

e without compromising the
safety level



Nl
3

3 -y

Legal justification for probabilistic-based assessment

2 114

Sakerhetsindex

Sakerhetsindex, £, definierat enligt ISO 2394-1998, General Prin-
ciples on the reliability for Structures, skall for en byggnadsdel vara
2 3,7 for siakerhetsklass 1,
2 4,3 for siakerhetsklass 2,
2 4,8 for sikerhetsklass 3. (BFS 1998:39)

Vid dimensionering med hénsyn till olyckslast och risken f&r
fortskridande ras skall sikerhetsindexet f vara minst 3,1 respektive

2,3

Rad: Angivna 3 -virden avser referenstiden 1 ar.
Angivna partiatkoefficienter i brottgrinstillstind &r berak-

Boverkets nade med hinsyn till ovan angivna f -viirden och baserade pi

en kalibrering enligt NKB-skrift nr 55, Retningslinjer for last-

BKR 1999 og sikkerhedsbestemmelser for barende konstruktioner, 1987,

(BFS 1998:39)

Klassningsberakning av
vagbroar (1.1.9.3):

Klassningsberéakning
med hjalp av sakerhets
indexmetoden godtas
efter utredning i varje
enskilt fall



Nordic Background for Safety Requirements

Failure consequence
(Safety class)

Failure type I,

Ductile failure with
remaining capacity

Failure type II,
Ductile failure without
remaining capacity

Failure type Il1I,
Brittle failure

Less Serious pr < 10° pr < 10™ pr < 10°
(Low safety class) B>3.09 B>3.71 P> 4.26
Serious pr < 10™ pr < 10” pr < 10°°
(Normal safety class) P>3.71 B> 4.26 P> 4.75
Very Serious pr < 10° pr < 10° pr < 10"
(High safety class) B> 4.26 B> 4.75 B >5.20

Nordic Committee for Building Structures (NKB)

“Recommendation for Loading and Safety Regulations for
Structural Design”

NKB report no. 35, 1978 & NKB report no. 55, 1987.




Reliability-based assessment guideline

Structure of the Guideline

= The guideline itself consists of 55 pages
broken into 7 chapters.

Chapter 1 Introduction

Chapter 2 Bridge classification by reliability analysis
Chapter 3 Reliability requirements

Chapter 4 Model uncertainties and computation models
Chapter 5 Loading

Chapter 6 Materials

Chapter 7 Dealing with supplementary information

www.vd.dk



Revised Decision Process

Assessment from
traditional evaluation
OK ?

Yes

No

A 4

Implement traditional
strengthening
project

Assessment from
traditional evaluation
OK ?

Advanced
assessment

beneficial?

Implement traditional
strengthening
project

Yes

Advanced
Assessment
OK ?

Strengthening
project based on

advanced analysis

Traditional decision
process

New decision process considering advanced
assessment methods




Basis for Probabilistic Approaches

Procedure for Individual approach

1) Pre-evaluation
2) Modelling of critical limit states

3) Traffic load modelling

Modelling of Programming
: of
4) Modelling of stochastic variables Stochastic
variables \ / limit states
5) Calcultaion of Beta Solver in standard

reliability software

6) Evaluation of safety level l

7) Post evaluation B

Sensitivities




Savings from Probabilistic Approaches

_ _ Savings > € 2.5 ml.
Savings = € 4 mio.

' Savings > € 0.5 ml.

Savings > € 12.5 ml.

Savings > € 2 ml.



Practical Experience

Bridge Result of Deterministic Probability-based Cost Saving
Analysis assessment €

Vilsund Max =401 Max V=100t 4,000,000
Skovdiget Lifetime ~ 0 years Lifetime > 15 years 12,500,000
Storstroem Lifetime ~ 0 years Lifetime = 10 years 2.500,000
Klovtofte Max V=301 Max V=100t 2,000,000
407-0028 Max V=60 1 Max W= 1501 1.500,000
30-0124 Max =451 Max V=100t 500,000
Norreso Max I/ =501 Max W= 1001 500,000
Rodbyhavn Max W =701 Max IV =100t 500,000
Akalve Bro Max V"= 80t Max IV =100t 1,500,000
Nystedve] Bro Max V"= 80 ( Max I =100t 2,000,000
Avdebo Bro Max V"= 80t Max IV =100t 3,000,000

TOTAL 30,000,000




Practical Experience with Probability-Based Assessment of Bridges

Practical Experience with Probability-Based Assessment of Bridges

Bridge | Deterministic analysis Probability-based assessment
C295 B=115kN(MaxW=391t) | B=240KkN (Max W =811)
T 531 B=118kN (Max W=40t) B =226 kN (Max W =761)
E129 B=170kN (MaxW=54t) B =215kN (Max W =711)

Three Swedish Road Bridge cases
with classification of load carrying capacity



Example of Practical Application

iii. Bergeforsen Railway
Bridge, Sweden

Bridge constructed in 1923
Superstructure span configuration: 42+84+42 = 168m
Side spans 22.5m + 11.6m

Total bridge length = 202.1m
Required to assess for Swedish BV-3 load model

fo] a Jinfe

BY-3 | Cr250KN | p=80 KN/im 125




3D FEM-Modelling

Structural analysis was performed using
an FE model calibrated against a shell
and volume element model constructed
for specific critical locations.




Deterministic results

Deterministic assessment - results

SLS capacity demo
FLS capacity demo
ULS capacity could
joints as follows

Ower stad

Skarv-samling
{laint)

Ower sktad

\

~1/5 punkt L ~1/5 punkt
] Y R T T B
" L

| [ P i 11—
i_

S— o —

Figur 6-1 Opstalt af DIPS55-profiler.

(a) Connection 2-D,
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0.80
0.60
0.40
0.20
0.00
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Safety Requirements and limit states

Requirement for Safety Level

2 114  Sikerhetsindex

Sdkerhetsindex. . definierat enligt ISO 2394-1998. General
Principles on the reliability for Structures. skall for en byggnads-
del vara

= 3.7 for sdkerhetsklass 1.

= 4.3 for sikerhetsklass 2

Iﬂ = 4.8 for sakerhetsklass 3. | (BFS 1998:39)

Limit State for
Elements

g<0 where g=/f —|o'|

ois induced Navier Stresse due to
applied loads = o, + oy, * oy,

Riveted Joint Connections
g<0 where g=085-0.6-f —|’r|



Load Modelling

Load & Load Effect Modelling - Train Load

Based on measurements it was possible to fit a standard statistical extreme

distribution fit to measured data in order to determine the extreme distribution of
the train load.

It was determined that the Gumbel extreme value distribution provided the best fit
to the measured data.

100%
90% -
80% -
70% -
60% |
50% -
40%
30% +—f---------1
20% tof ---------—1
10% 7~ - - - - -——- - -1

0%

Sandsynlighed

—-——-gumbel

observationer |

T T T T
970 980 990 1000 1010 1020

totalveegt [ton]




Load Modelling

Load & Load Effect Modelling - Extreme Train Load
The parameters of the Gumbel EVD were evaluated based upon the number of
wagons considered.

EVD based on i (kN) o (kN) CoV (%)
1 Wagon 1105.9 16.9 1.53
3 Wagons 3119.2 (/3=1040) 36.4 1.17
4 Wagons 4111.7 (/4=1028) 44 .1 1.07
5 Wagons 5090.2 (/5=1018) 49.5 0.97
10 Wagons 10030.1 (/10=1003) 91.9 0.92
1120
Modelling the trains in this way reduces 1100 “\
the conservatism associated with modelling SIRN
the EVD based upon 1 wagon! ;‘1322
%1020 \
Model uncertainty on wagon weight was > 1000 T
assumed 10%, i.e. ‘Small’ from DRD 980
Guideline due to extremely low CoV T e T

ranging from 1.52 — 0.92%.



Load Effects

Load & Load Effect Modelling - Extreme train load
Element U, utilisation ratio 1.102 at Node 1.
68% of this was due to F,, with 31% due to primary bending M, and 1% due to
secondary bending M,. Totally controlled by GLOBAL EFFECTS!
Modelling of EVD Train Load by group of 10 wagons (10x12.5=125m) appropriate

01 0035
A 2 0
£ o 0l % 100 150 200 240 2 0025 - e

- B £ o S
§ 2 x // & oots v \\
2 s 5 / g oo £ N
g £ 0005 H
£ 04 N i 7

05 0,008 140 150 20

x[m] x [m]
(a) Fx (68%) (b) My(31%)

A

é_um: \’5/‘ "_. 100 /’m
8 5

%

: *, yi
= -0.0015 Y o

"’

X[

(c) M, (1%)




Load Combination

Load & Load Effect Modelling -Extreme train load + dynamic amplification

of static load effect

- Element SLB, pos 7 utilisation ratio 1.635.

- 16% of this was due to F,, with 65% due to primary bending M, and 19% due to
secondary bending M,. Controlled by combination of Local + Global effects.

- high deterministic utilisation ratio due to requirement to model dynamic
amplification based upon local effects only (resultant dynamic amplification factor
= 1.53 vs. 1.06 for global effects).

- probabilistic computation of dynamic amplification considers each Navier Stress
component individually applying local dynamic amplification factor to local effects
and alobal dynamic ame_lifi_cation to global effects.




Critical Iocations

Hhin‘]ﬂiﬂ 50§ 0

Aw\ E

(a) Connection 7-U;



Results

fy, =567 >4.8
}¢=5.19 > 4.8
ﬁ.‘i!,H posnT = 4.66 < 4.8 (MZ =0, ﬁg,{ﬁ posnT = 5.85)

ﬁl’ﬁ._pmnl? =4.81 >4.38

Joints
By, =6.38>48

b 1, = 451 < 4.8 (Remedial action necessary..

@sal A B, = 6.05, Proposal B 3, , = 7.80)
@sal A f}; =562, Proposal B f}; =7D

P, =6.01>438
b=ty

pr ., =631>48

b p, = 442 < 4.8 (Remed]

Proposal A [}, ;, = 6.25) )

/3 n,= 4.56 < 4.8 (Remedial action necessary,

@sal A Sy, > 48) )

P p=518>438

Bip,=532>48

jomite @hmnmidid. fBikdtd to demonstrate
sufficient capacity. Results indicate
rapieE SR e e I e R
b acHiéyeq. 13- SO

(% "Connection 7-U;,



Beneficial investments!

4
35 @ Phase 1
X Phase 2

3 7|® Phase 3 I

Cost $USD
N

15

-4
b4
AR
&

S N
0 | ek N | Bl | EEN

Consultant Contractor Project Mgmt Total

4
4
4
4

4
o4
4
4
4
4
b

Cost Category

Table 7 - Results of deterministic and probabilistic assessment; O’Connor et al (2004).

Phase | Phase 2 Phase 3
Deterministic As- | Advanced Deterministic | Probability Based
sessment ($USD) | Assessment ($USD) Assessment ($USD)

Consultant Fee $0.1ml $0.2ml $0.28ml

Contractor Fee $3.2ml $S1.1ml $0.47ml

Project Management | $0.3ml $0.2ml $0.1ml

Total Cost $3.6ml $1.5ml $0.85ml




More Examples of Road Bridges

Six Motorway Bridges in Denmark



Examples of Practical Application

Description of Case Studies — 6 Motorway Bridges

(a) Beam + Slab located at Klovtofte
Built in 1970’s (four continuous spans)
Precast prestressed (inverted T) beams +
insitu slab
Spans are 10.7, 24.1, 24.1 and 10.7m
Width of the structure is 36.1m

o
™~
3
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‘_‘:.T':...f“: "'}‘
- w o1 ol
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I 174 i
| 1120 i, pro AN
H } — & ;[ i}
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2
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Examples of Practical Application

Description of Case Studies — 6 Motorway Bridges

(b) Slab bridge located at Ngrresg
Built in 1942 (two continuous spans).
Repaired in 1960 (additional lane on southside)
Spans are 3.56m and 5.56m (55° skew)

Width of the structure is 28.74m (post 1960).
The structural thickness of the slab varies 0.37 — 0.53m (edge to middle) .



Examples of Practical Application

Description of Case Studies — 6 Motorway Bridges

(c) Simple slab bridge located at Rgdbyhavn

Built in 1942.

Repaired in 1962 (1m wide edge beam added)
Span 3.75m (58.5° skew)

Width of the structure is 24m.

The structural thickness of the slab is 0.4m.

FRom Jang




Examples of Practical Application

Description of Case Studies — 6 Motorway Bridges

(d) Beam & slab bridge located at Akalve
Built in 1935 (single span).
6 parallel longitudinal beams at 1.4m centres
Width of the structure is 10m.



Examples of Practical Application

Description of Case Studies — 6 Motorway Bridges

(e) Post-tensioned slab bridge at Nystedvej
Built in 1959 (3-spans).
Spans are 6.39, 17.72 and 6.39m (63° skew)
0.5m deep longitudinally PT slab
Width of the structure is 28m.
Transversely the bridge is supported on 10
columns at 3.24m centres



Examples of Practical Application

Description of Case Studies — 6 Motorway

Bridges

(f) Concrete arch located at Avdebo

RC arch bridge built in 1932.

Skew 56.6°, clear span 23.0m, height 3.2m

Width of the structure is 9m (2 traffic lanes)

The arch thickness varies from 0.3 m at

the crown to 0.6 m at the base.

Renovation in 1986 (replaced eastern edge beam)



Examples of Practical Application

Results — Load Rating

ULS beam
shear capacity

Table 1 — Deterministic Classification Results

Passage type Normal Restricted Restricted Restricted
Passage'" passage 1@ passage 2 passage 3'"
'\ Klovtofte 50 50 60 30
ULS footing ™| Avdebo 50 50 70 75
bending Rodbyhavn 70 70 100 150
capacity Nystedvej 80 150 175 200

‘UNo restrictions on vehicle positions on structure, full dynamic factor applied to vehicles.
@Vehicles positioned in traffic lanes on structure, full dynamic factor applied to vehicles.
'V ehicles positioned in traffic lanes on structure. dynamic factor applied to one vehicle only.
“Only heavy vehicle positioned on structure in favorable position, no dynamic factor applied.

ULS Slab
Bending

ULS hogging slab bending
cap at outermost column
support.



Examples of Practical Application

Results — Load Rating

ULS Slab

Bending Cap.
Passage Normal Restricted | Restricted | Restricted
type Passage® | passage 1@ | passage 2 | passage 3¢
Narresg 50 50 80 200
Akalve 80 80 100 200

/

ULS Long
Beams
Bending Cap.




Examples of Practical Application

Requirements for Safety Level

Limit State: g <0 wnee g=7,, -7 o0 g=M

For beam and slab: 7

[W#

, =025k(1.2+4.0p,)f.

FOI" S|8bS M{.ap(hacs A,v?.f;'n’f;')
For beam and slab: Mmp(h,b bt ,dx,d},,c,As,ﬁﬂ,fy)

For arch footings: 7, (/.- f,.SBC, G,)
For post tensioned slab: Mm(_fj_,,,fﬂ_‘_)

where M app

+0.150,,

cid

jea = Mpp + Mgy, + M, (+Mpg, = PT)

cap Mﬂppf ied

Drefine Classification Case
= Mormal Passage
= Resirioied Passnge

¥

Ditermiime eritical lmit stabe violaton from determamstie analysis

¥

Define required safery index [

¥

Maodelling of stochastic varables
= seli weight
= ather loading including traffic loading
- matenals
= madel uncertamty

A .

¥

Drefine oodiary raffic
- distribuiien
- stochaste leadmadelling

¥

Seleat the clasalic alon e strociune 15 required 10 achieve

¥

Diefine the standand vehicle for the reguired olassification
= official tmifie frequence statistes
- stochastie loadmaodelling

Increass
Class

class

Failure Failure Failure Type Failure Type
Consequences | Type I: II: III:
(Safety Class) Ductile failure Ductile failure Brittle failure
with  remaining | |withont  remaining
capacity capacity
Very Serious: Pz 1078 Po< 106 Py < 10°7
High  safety ﬁ,a 4.26 2475 Bz520

¥

| compute safaty index [, |
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Examples of Practical Application

Response & Resistance Modelling

Response surface for I — f; Response surface for capacity trained
capacity trained using, as e 1o using, as input variables, (1) intensity
input variables, (1) f,, (2) f, z e el 2 of applied load, (2) .., (3) f,, (4) SBC,
and (3) f,, e 1 RN ®) s
lgz = 8 10 12 14 _ = "f};"’ Normal Force in Arch A
o RS sponse Surface . ¥ rchfﬂomenlcapacuyvslnduced Moment
f 400 — y i\} .‘:‘
200 : il t\ i
0 2 4 6 —— - (/}Lﬂ_\\\‘
The flexural load carrying capacity of _ _
concrete slabs is calculated according to A response surface trained in PCROSS
the yield criterion which is adopted in the using f,s and f,, was employed to
Eurocode (Eurocode 1995). evaluate M.
Lower bound solutions are obtained from
the theory of plasticity by fulfilling the = m,,

equilibrium equations and the yieI}I[_
- . - . /[
criteria in the entire structure. ; A 2 S y m,

_(mfzx _mx)(m;y _my)+m2 <0

Xy —




Examples of Practical Application

Response & Resistance Modelling

Bending theory was employed to

The flexural load carrying capacity of evaluate M

concrete slabs is calculated according to
the yield criterion which is adopted in the
Eurocode (Eurocode 1995).

cap*

Lower bound solutions are obtained from

the theory of plasticity by fulfilling the ,~ m,y

equilibrium equations and the yiey[_ <«
dl

criteria in the entire structure. ; A 2 y m,

—(mg —m (Mg, —my)+mfy <0




Examples of Practical Application

Load Modelling

The loads to be considered as stochastic are generally the live load induced by
vehicles traversing the structure, the weight of the structure itself and of
superimposed loads applied to the structure. Of these the most variable are the
traffic loads.

= Traffic Load Modelling considers
Load intensity, frequency,
dynamic amplification,
transverse location etc.

Fonax () =eXp(=(v; —v1) T (1- F,()))
exp(—(v, —vi,)T (- F,(a)))
exp(—vy, T (1-F,(a)))



Examples of Practical Application

Uncertainty Modelling

The model uncertainty takes account of: (1) the accuracy of the calculation model, (2) possible
deviations from the strength of material properties in the structure involved as compared with
that derived from control specimens and (3) material identity.

The model uncertainty is taken into account by introducing judgement factors I and I, related to
the material properties and traffic loads respectively.

The judgement factor I _, which is assumed to be log-normally distributed with mean value equal
to 1.0 and coefficient of variation V,,, is introduced by multiplying the basic material variables by
I.- Vim » is calculated as:

V, = \/Vllz +VI22 +V|32 + 2(,01\/|1 + PV, + paV,, )/M where V2 :Vl\i +Vli

and V,, is the CoV for the basic material variable.



Examples of Practical Application

Safety Index, £/ & Importance Factors -
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Examples of Practical Application

Safety Index, £/ & Importance Factors

B=4.89 > = 4.96 >
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Examples of Practical Application

v. Two Motorway Bridges in Sweden

(a) Bridge C295 Savja stream, Motorway E4 Stockholm-Uppsala
Constructed in 1971. Two traditional 4-span post-tensioned concrete
motorway bridges. The total length of each of the structures is 103m. The
bridges are supported at 3 centrally located circular columns and 3 supports
at each abutment.

Torsion limit state in cross section close to the abutment: B, = 115 kN
All other limit states: B, > 240 kN

Conclusion

B, should be evaluated applying probabilistic methods in the

limit state of torsion in the critical cross section

- - . Figure 16 — C295 Bridges



Examples of Practical Application

v. Two Motorway Bridges in Sweden
(a) Bridge C295 Savja stream, Motorway E4 Stockholm-Uppsala

Main Conclusion: B, = 240 kN

Table 9 — Partical safety factors for deterministic and from probabilistic assessment of C2935

Stochastic Variable Partial safety factors
Deterministic | Probability-
Based

Yield stress, longitudinal reinforcement 1.32 1.07
Yield stress, transverse reinforcement 1.32 0.96
Weight, special heavy transport 1.3 1.61
Dead weight 1.0 1.00
Loss coeflicient, cable force 1.0 1.05
Superimposed dead weight 1.2 1.00
Weight, ordinary transport - 1.76




Examples of Practical Application

v. Two Motorway Bridges in Sweden

(b) Bridge E129 Motola stream
Simply supported post-tensioned concrete bridge, built in 1962m, with span
length 49.4 m. The structural system is essentially two beams supporting a
slab which carries a traditional two-lane main road.

Serviceability limit state: B, = 170 kN Due to a replacement of the edge
beams

All other limit states: By, > 215 kN

Conclusion

B, should be evaluated applying probabilistic methods in the serviceability
limit state




Examples of Practical Application

v. Two Motorway Bridges in Sweden

(b) Bridge E129 Motola stream
For the case of the E129 bridge the SLS is reversible. Therefore, it was
concluded that the > 1.3 represented a suitable requirement.
The limit state is dependent on a relatively large number of uncertain
variables which were modelled stochastically e.qg.:

() the cross sectional forces due to the cable forces, which were corrected for the
influence of creep and shrinkage in the phases before and after the replacement of the
edge beams.

(if) stochastic modelling of the concrete parameters was performed according to the CEB
Model Code.

Based upon this modelling Bmax = 233 kN was obtained for the bridge. This
classification was higher than the deterministic classification obtained at the
critical limit state of 170 kN and higher than the value of 215 kN
corresponding to the other deterministically assessed limit states

- L - -
ooo




Conclusions

Problem:

1) Lack of load carrying capacity or exceedance of
structural/performance limit state due to
= weak bridges
= deteriorated/(ing) bridges
* |ncreasing loads
2) Low budgets for strengthening and/or rehabilitation
where required

ldea:
Demonstration of higher capacity through Probabilistic safety
assessments incorporating better calculation/response models

Principal Motivation:
Cost saving through Budget Optimisation



Conclusions

= Case studies are presented to demonstrate to practical application of probability based assessment to
existing bridges.

= In the cases where sufficient capacity could not be demonstrated the probabilistic methodology can be
used to optimise the rehabilitation process.

* In no way has the safety of the structure been compromised rather a bridge specific code has been
derived.

*= The justification for the application of probability-based methods to bridges in Denmark and Sweden is
provided from national codes combined with the Nordic committee recommendations (NKB 1978) and the
Eurocodes.

= There are no practical or technical obstacles in applying probability-based assessment techniques.

= A clear advantage of the approach lies in its ability to incorporate bridge specific information and bridge
specific safety modelling.

= Applying the probability-based approaches can result in considerable monetary savings by avoiding the
need for costly strengthening and replacement of existing bridges.

= It has become the policy of the Danish Roads Directorate and Banverket that the probability-based
approaches should be more frequently applied in the future.



Conclusions

An example of savings to date (>$28,000,000):

Bridge Result of Deterministic Probability-based Cost Saving
Analysis assessment £

Vilsund Max W =40t Max W = 100t 4,000,000
Skovdiget Lifetime ~ 0 vears Lifetime > 15 vears 12,500,000
Storstroem Lifetime ~ 0 years Lifetime > 10 years 2.500.000
Klovtofte Max =501t Max W= 1001 2.000.000
407-0028 Max W =60t Max W= 150t 1.500.000
30-0124 Max W =451 Max W= 100t 500,000
Norreso Max W =501t Max W= 1001 500,000
Rodbvhavn Max W =701 Max W= 1001 500.000
Akalve Bro Max =801 Max W= 1001 1.500.000
Nvystedvej Bro Max W =80t Max W= 100t 2.000.000
Avdebo Bro Max W= 80t Max W= 1001 3.000.000

TOTAL 30.000,000
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Use of probabilistic methods

Presentation on NVF annual bridge conference 2010
1-2 September 2010, Oslo, Norway

by
Dr. Ing. Rolf Magne Larssen



Content

» Description of project/problem
e Deterministic evaluation

* Probabilistic evaluation

* Modelling of traffic loading
 Results

e« Summary and conclusions
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Probabilistic methods

 Methodology for consistently handling of problems having one or more
properties with random or uncertain nature

« Structural reliability calculations increasingly used for
— Code calibration
— Maintenance management

e Steel structures
e Concrete structures

— Service life design of concrete structures

@ AAS-JAKOBSEN



Use of probabilistic methods in classification

» General weakness revealed in classification calculations for cross-girders
of several large suspension bridges built in the period 1956-1969

A R&D-project initiated by NPRA

 Project aim to document larger load carrying capacity without strengthening
of the physical structure

e Project was split into two phases:

— Partl Independent more detailed deterministic classification
calculations for these bridges
— Part 2 Use of probabilistic methods for classification of bridges

not solved in part one

@ AAS-JAKOBSEN



Description of problem

 Problem in the cross-girder design
revealed during classification
calculations for increased traffic
loading

 Three problems areas were identified
in the cross-girder:

— Capacity of the riveted
connection for the vertical and
diagonal truss member

— Buckling of the vertical truss
member

— Capacity of the upper truss
member (deteriorated)

@ AAS-JAKOBSEN



Description of problem

»  Buckling of the vertical truss
member

» Capacity of the riveted
connection for the vertical and
diagonal truss member

e Capacity of the upper truss
member (deteriorated)
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Bridges included in the investigations

Varodd
— Length 618 m, Main span 337 m

— Suspension bridge outside Kristiansand on E18 in West-Agder county,
built 1956

Brevik

— Length 677 m, Main span 272 m

— Suspension bridge near Porsgrunn in Telemark county, built 1962
Rombak

— Length 765 m, Main span 325 m

— Suspension bridge near Narvik in Nordland county, built 1964

Other bridges on the initial list
— Kjerringstraumen (Length 551 m, Main span 200 m, 1969)
— Tjeldsund (Length 1007 m, Main span 290 m, 1967)
— Tromgy (Length 400 m, Main span 240 m, 1961)
— Folda (Length 336 m, Main span 225 m, 1969)
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Deterministic eyaluation — Procedure

e Load action
analyses

— Global anaIyTis
— Local analysis

— Buckling
analysis

 Code checking

@ AAS-JAKOBSEN
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Deterministic traffic loading

» For classification calculations the deterministic traffic loading for these bridges should be
based on:

— Bk 10in “Bruklassifisering. Lastforskrifter for klassifisering av bruer og ferjekaier i
det offentlige vegnett”, 25.05.2001.

 Loadfactors:
— Self weight: 1.15
— Traffic loading: 1.4
e Critical load configuration for problem areas:

Bruksklasser

T=30m Lasttype Lastkonfigurasjon
05 20 . 05 (+ H Bki0 | BKT8 | Bk8 | Bk6

. Trippelboggilast Ay 0 6l Rl 40
t Ao Aky AL RN
= | a | a I

| As | 140 | 84 | s4 | 36

Aksellisiznzs rek kefolge ervilkiirlig i
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Deterministic evaluation — Summary of results

Bridge Varoddbrua Rombaksbrua Brevikbrua
Span m 337 325 272
Cross-girder spacing | m 4.86 4.95 4.92
Width girder m 9.5 10.0 11.0
Width roadway m 6.5 7.5 7.5
Vertical 2 L80*10 2 L90*9 21.90%9
UR Buckling 112% 75 % 99 %
UR Rivets 157 % 110 % 116 %
Quter cross 2 L110%12 2 L100%12 2 L100%12
UR Buckling 128 % 88 % 98 %
UR Rivets 64 % 88 % 98 %
Inner cross 2 L80*10 2 L90*9 2 190%9
UR Buckling 68 % 66 % 77 %
UR Rivets 128 % 103 % 108 %
Overgurt DIMEL 24 DIP 20 DIMEL 24
UR stress 97 % 68 % 86 %
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Probabilistic evaluation — Basis

* Deterministic classification of bridges
— code requirements
— safety by
* general characteristic values
* load and material factors
e Probabilistic evaluation
— individual approach

— individual bridge safety directly
and consistently calculated

» based on local traffic situation
* individual strength information
 Requirement:

— The overall level of safety defined
by the code must be satisfied

@ AAS-JAKOBSEN
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Probabilistic evaluation — Procedure

» Modelling of critical limit states
— Buckling of the vertical truss member

* Load related parameters: axial force, bending moments
* Geometrical parameters: actual length, buckling length, cross-section, imperfections
* Material parameters: yield stress

* Model uncertainty
— Rivet capacity for the truss member

» Load related parameters: axial force, bending moments

» Geometrical parameters: cross- section of rivet, distance between rivets,
number of rivets

* Material parameters: yield stress

* Model uncertainty
* Identification of uncertain parameters
* Load action evaluation
« Statistical modelling of uncertain parameters
— Modelling of traffic loading
— Modelling of uncertain capacity parameters

e Calculation of probability of failure or safety index for the identified limit states (by
program STRUREL)

« Evaluation of safety level
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Safety level — Requirements for probability of failure

Code Target value for failure probability
BT Per
ECCS 4.2-4.7 10°-10°
CIRIA, onshore 42-4.7 10-°-10°
offshore 3.7-47 104 -10°
NKB (Nordisk Komite for 42-52 10° - 107
Bygg-standardisering)
Norsk Standard/ (42-)5.2 (10°-) 107
Byggeforskriftene
NPD 3.7-4.2 104 -10°
NS 3490 2.3-3.7 102 -10*
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Probabilistic evaluation — Load action

* Load action analyses
— Global analysis
— Local analysis

— Influence plane for
critical members

Aksialkraft, k]
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50,
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0
-10
-20
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Modelling of traffic loading - Measurement

 Measurement of traffic loading at Varodd bridge
— 18 weeks or 126 days of measurement
— 2 million vehicle passing
— 17 528 vehicle each day
 Measurement performed at two locations
— One location in front of the bridge
— One location on the bridge beam

Loc. 1:
Varodden Landkar
(pkt. 10150)

@ AAS-JAKOBSEN
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(pkt. 10200)




Modelling of traffic loading - Measurement

e Based further evaluation on a database for

Vehicle Groups

98 159 vehicle above 10 ton

Group1

Group2

Group3

Group4

 Database contain 317 195 axel loadings

e 12.9 % of these axels have a load above 10 ton
* 0.6 % of these axels have a load above 14 ton
* 4 axels have a load above 20 ton
 Normative loading 160 kN for one axel, 140 kN

for the larger in the triple-axel (including .
dynamic factor)

e Conclusion
— Very high loading
— Either alarge number of illegal loading
— Or too high measurements

@ AAS-JAKOBSEN

Tvpe Welt Aleslinger Alezelvelitfordeling Alezelavstand
[tonn] [antall] [andel] [m]
1 10 =20 2 04-046 54
2 20 =30 3 03-04-03 46-18
3 30 -40 ] 0.2-026-018- 40-35-42-
0.18-0.18 24
4 40 - 50 & 0.16-0.20-018 - 35-13-53-
016-015-0.15 22-17
] 50 - 60 & 0.14-020-017 - 38-13-52-
017-016-0.16 26-138
& 60 =70 & 0.14-020-017 - 40-13-49-
017 -016-0.16 31-19
7 T0-80 & 0.15-0.20-016 - 40-14-48-
017-016-0.16 34-138
2 23020 & 0.15-0.20-016 - 39-13-51-
017 -016-0.16 32-19%9
9 Cver 90 2 0.13-013-014 - 38-14-45-
0.13-013-014 - 15-30-17-
0.13-0.07 17




Modelling of traffic loading — Use of data

By a combination of the
— Load action evaluation data
— Database for heavy vehicle
a direct statistical description of the loading in the cross girder is achieved

« This statistical description is used as basis to find the extreme values for the load
effects

 Extreme values are then described statistically and used for the probabilistic
evaluation

A model published by BRIME is adapted based on multimodal normal descriptions of
the statistical information giving type | extreme distributions
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Rombak bridge - Results

e Deterministic evaluation

High utilizations of rivets
(110% and 103%)

 Probabilistic evaluation

Traffic description from Varodd
used

Extreme values based on traffic
volume for Rombak bridge
Dynamic factor added
Results

e p;=8.2-10°

« p;=2.6-105-3.6.10°5
Acceptable results acc. to NS

3490 —too high probability acc. to
NKB
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Brevik bridge - Results

e Deterministic evaluation

— High utilizations of rivets
(116% )

 Probabilistic evaluation

— Traffic description from Varodd
used

— Extreme values based on traffic
volume for Brevik bridge

— Dynamic factor added
— Results

e p;=7.2-10%* —8.9-104
— Not acceptable results

— If no dynamic factor is added
¢ p;=1.3-106
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Varodd bridge - Results

» Initial deterministic evaluation
— Buckling of vertical and diagonals
— High utilizations of rivets
— Deterioration of upper truss

 Refined deterministic evaluation
— No buckling
— Acceptable utilization of rivets

— Corrosion of upper truss reduce
cross-section by 22%, utilization
still below 60%
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Summary and conclusions

* Probabilistic classification calculations have been performed
e Usable procedure do exist

e Usable tools for performing the calculations do exist

* Provided reliable input data results will be reliable

 In order to have reliable results:
— Actual data for the structure must be obtained
— Traffic loading should be based on actual loading

o Actual traffic loading on Norwegian roads is not yet determined with
sufficient accuracy

* In order to have benefits of the procedure:

— Actual data for the structure must deviate from characteristic code
values

— Actual traffic loading must deviate from normative loading

@ AAS-JAKOBSEN
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Special Investigation

A Strategic Tool
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Delaminated concrete due to ASR
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Administration af bygveerksmassen

e
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Special Investigation; A new Approach

Purpose:
1. To assess the repair budget
2. Optimum time of execution

3. Consequences of postponing an optimum strategy 5
years

Furthermore:

1. Optimization
2. Prognosis

3. Experience
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Historic Milestones

= 1980: SI — Manual
= 1986:. New Concrete Specification — app. 40% new spec.

= 2002: SI — Manual revised in a DRD-version — statistic
approach, service life modelling, Service life curve etc.

= 2010: Short Version Sl Introduced — A New Approach
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Bro 40-023

Reparationstype / Tilstand

10T —— e T

Type /Il

Skader lokalt ved ~ Skader lokalt ved
broender mellemunderstetninger

Brovinger generelt  Bro generelt

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Tid



S| - Validity of Performed Test Results

The validity of the test results shall be proven to a 10 % level of
significans in critical areas however 5 %.
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Cost Estimate

Strategi A. Udgifter i 1.000 kr. ekskl. moms
Optimal lgsning, AO Udskudt Igsning, A5

Ar Direkte udgifter Indirekte udgifter Direkte udgifter Indirekte udgifter
1 1 1.000 50

2 2

3 3

4 4

5 5

6 6 2.000 300
7 7

8 8

9 9

10 10 500 50

11 11

12 12

13 13

14 14

15 15 500 50
16 16

17 17

18 18

19 19

20 20




Nutidsveerdi [1.000 kr.]

4.000
3.500
3.000
2.500
2.000
1.500
1.000

500

Oversigt over nutidsveerdier

—@— Strategi A
- -l- - Strategi B
— A —Strategi C

Optimal Udskudt
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New Approach

Old procedure:

Sl of chosen elements:

Several months to prepare a few reports and only one
annual optimization of repairworks
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New Approach

New procedure:

Sl of specific key elements — water proofing, edgebeam,
crash barrier and wearing coarse:

A large number of reports within a short period and ad hoc
optimization of repair works

Use of:

1. Visual inspection

2. 11 predefined strategies

3. Short report(max. 4 pages)

4. Verification during the design phase

ae
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Inddata

Broareal 800
Skade pa broplade: Ja
Nej

Restlevetid

Element (Elementnr.)
Fugtisolering (8)
Kantbjaelke (9)
Autoveern (10)

Beleegning (11)

Strateqioversigt

Restlevetid (ar)
20
10
0
10

Strategi Samlet pris Elementkombination til udskiftning (ar til udskiftning)
E 4.949.612 8, 9, 10, 11 (10 ar) 10 (O ar)
F 4.949.612 8, 9, 10, 11 (10 &r) 10 (O &r)
A 5.023.647 8, 11 (20 ar) 9, 10 (10 &r) 10 (O ar) 11 (10 &r)
| 5.059.918 8, 11 (20 ar) 9, 10 (10 ar) 10, 11 (0 ar)
C 5.666.408 8, 11 (10 ar) 9, 10 (10 &r) 10 (O ar)
D 6.157.963 8, 11 (20 ar) 9, 10 (0O ar) 11 (10 ar)
H 6.194.234 8, 11 (20 ar) 9, 10, 11 (O &r)
B 6.800.723 8, 11 (10 ar) 9, 10 (O ar)
G 7.110.196 8, 10, 11 (O &r) 9, 10 (10 &r)
K 7.267.392 8,9, 10, 11 (0 ar)




Experince and Prognhosis

Age at time of repair:
= Rank<?2:
« Water Proofing: 41 year
« Edgebeam: 41 year
 Crash Barrier: 39 year
« Wearing Coarse: 38 year
= Rank =2:
 Water Proofing: 17 years from first 2-rank
« Edgebeam: 14 ar years from first 2-rank
e Crash Barrier: 16 ar years from first 2-rank
e Wearing Coarse: 16 ar years from first 2-rank
= Rank>2:
« Within 0-5 years
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Bevilling(kr. mio.)

Prognosis
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Bevilling 2010-2013 og prognosticeret behov 2014-2019

B Store bygveerker
@ Sma bygvaerker
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Experience

Chloride Impact to Coastal Bridges:

1. Level O:

1. Chloride content 0-15 mm: 0,36 % of dry concrete weight
2. Cs=0,46 %(0,39-0,50)
3. Diff.: 34 mm2/year(20-48)

2. Bound Chloride: 60-90 %
The validity of Potential mapping can be questioned

4. The validity of the 2. law of Fick can neither be proved
neither be rejected

o
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Summary

A systematic use of Sl assures:

1.

Repair works are initiated to the optimum time and at
the lowest societal cost

Foreseen repair needs are proved and reported to the
politicians in due time

Acculation of experience to continously improve
methods, diagnosis and prognosis

Implementation of new Sl-approaches to result in a
more efficient administration
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Outline

* Introduction

* Methodology

* Strengthening

* Applications — Case Studies
* Summary and Conclusions




Introduction

Society Changes

Beginning of 1900

End of 1900




Introduction

Our structures needs to be maintained,
repaired or/and upgraded

A = Exceptional
B = Good

C = Mediocre

D = Poor

F = Failing

I = Incomplete
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Introduction

There might be many different reasons why upgrading is needed

* New demands on existing structure

Mistakes in design or production phases

New user demands, re-construction etc.

Accidents

Deterioration of existing materials, building components.
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Introduction

Suggestion for assessment procedure
Step 1

~

Initial assessment Step 3
Site visits

*Study of documents
«Carried out rough
calculations

- /
Step 2

Intermediate assessment
*Further inspections
*Material testing, cores etc
*More detailed calculations
sInvestigations of loading etc.

\_ /
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Strengthening of concrete structures

There exist many different ways to strengthen concrete structures

More accurate calculation

system

Increased

External pre-stressing Extern strengthening
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Strengthening of concrete structures

External bonded reinforcement - history

1964

Steel Plates,
*South Africa

L

The ASSET Bridge

I A

1975- 1990- 1993- 2002

i i i j — —
Steel Plates Steel Plates FRP FRP
°France *Sweden *Switzerland ®UK
*UK FRP ®Canada *Sweden
®Japan ®Japan *USA *Denmark
*Switzerland ®etc.

*USA
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Strengthening of concrete structures

Field Applications— Stora Hoga -
1989

* Approximately 2/3 of the bridge
was strengthen with steel plates,
A, =250 x 6 mm, weight per meter
ca 12 kg.

®* The bridge was loaded ca 4.0 from
the left support

* Only loading after strengthening
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Strengthening of concrete structures

Strengthening Stora Hoga - 1989
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Strengthening of concrete structures

Stora Hoga - 1989 Loading - Monitoring

Steel stays anchorage
in the bedrock Shear failure at ca 460 ton
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Strengthening of concrete structures

Lulea Railwaybridge- 1998

* Need of increased load bearing capacity
* Investigation of the Strengthening Method
* Full-Scale Test before and after testing
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Strengthening of concrete structures

The bridge needed strengthening due to increased axle loads, from 25 to 30 tons

Strengthening for flange shear, + 45°, 2 x 3 layers, Strengthening in cross direction, 2
layers

*Strengthening

*Pre-treatment *Post-treatment



Strain [e-6]
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Strengthening of concrete structures

Strain measurement on steel and concrete

80.00 —
4 L,
| » -
60.00 —| i "'Lw
40.00 — M

20.00 —

I -

0.00 —

AN AN
vy

Al
Before strengthening After strengthening "Long-term" behavior

Time

Curves are adjusted for different train weights
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Strengthening of concrete structures

Deflection, [mm]

-01 +—

-0.2 +—

Measurement of deformations at two locations

0.0

Deflection in slab

—<>—  Before strengthening
\ — B After strengthening

1.00 1.50
Distance from support, [m]
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What is an FRP (Fibre Reinforced Polymers)?

Fibres Matrix

Protects and transfers load
between fibres

Provide strength
and stiffness

Carbon, glass, aramid Epoxy, vinyl ester
!! Fibre  Composite Matrix

Creates a material with attributes superior to either component alone!
Fibres and matrix both play critical roles in the composite material.
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FRP Material for use in the construction industry

Unidirectional

glass FRP bar Glass FRP
grid
Carbon FRP
prestressing Glass fibre
tendon )
roving

Carbon fibre
roving




® | inear elastic behaviour to
failure

* No yielding
® Higher ultimate strength
* |ower strain at failure

® Comparable modulus (or
higher, carbon)

2500

2000

Stress [MPa]

sto

Properties of FRP in comparison with steel

CFRP

GFRP

Steel

2

Strain [%]
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External Bonded Strengthening

Laminate

Grids
MBC
Systems

Fabrics

Tubes

Rods
* Prestressed
* Non-Prestressed

Textile
Systems
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External Bonded Strengthening

The Ornskoldsviks Bridge 2006

A railway trough bridge — located in Ornskoldsvik, built in 1955

The bridge is a traditional trough bridge built in RC

Was demolished and removed due to the newly constructed Botnia line
Investigation of the shear capacity

Bending failure before shear failure — needed strengthening
Strengthening with CFRP rods in the soffit of the beams

Testing before and after strengthening

Loaded with steel stays anchored in the bed-rock
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The Ornskoldsviks Bridge 2006

2000
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\\ o ‘
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[ i
9x100
Symmetric strengthening ! //
on both beams

Sawed groove 15x15 mm
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Stora konstruktioner

Forstarkning for kade laster



Load [MN]
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The Ornskoldsviks Bridge 2006

Monitoring

Eye = 8000 115

I I

CaB4-10E-3 |

|

CaB5-10E-3 !
CaB7E

CaB7-5E |
CaB7-10E Depth [mm]
—————————————————————————————————————————————— ] — 20MN — 9MN
0: — 40MN -- 10MN
T T T T T T { { { T T T ‘ I 6-0 MN - 11 MN
-2000 0 2000 4000 6000 8000 SOMN - 117 MN
AN 11.2 MN

Carbon Fibre Strain [um/m]

Strain [um/m h\
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Forstarkning for okade laster



Strain [um/m]
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The Ornskoldsviks Bridge 2006

Monitoring

-1500 — . — 15
—— Strain 11.7 MN

- X Shear stress 11.7 MN +
- — — Strain 5 MN
-1250 — & Shear stress 5 MN — 125

-1000 — @ — -10

g
=
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(]
-500 — — 5
| | 50 50
250 - — 25
R
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Frovifors Railway Bridge - 2007

New developed strengthen technology — strengthening in the upper part
of the concrete slab using CFRP tubes bonded in predrilled holes.

4
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Frovifors Railway Bridge - 2007

The bridge needed to be strengthen
in the cross direction in the upper
and lower part of the slab.

7N
J‘))\ J_ ) \\

To solve this problem, without stopping the traffic, the slab was strengthened
with CFRP tubes in the upper part and NSMR rods in the lower part of the slab
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Frovifors Railway Bridge - 2007

Structural Assessment
S1: Survey >

Bridge owner/Consultant

S2: Condition assessment> <525 Simple Calculations
Visual Inspections Consultant
S2: Non destructive tests >
Radar, ultrasonic tests etc.
S2: Material samples > < S3: Laboratory testing
Concrete, Steel etc.

Drilling of cores, pull-off etc.



Frovifors Railway Bridge - 2007

Structural Assessment

° % ®’& 8 % 8

S3: Sensor installation>

Specialist consultant

Testing institutes

Specialist contractors

_______

3000 4000 5000

2000

Testing institutes
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Frovifors Railway Bridge - 2007

Scanning for steel
reinforcement, BAM

Placement of bottom steel
reinforcement
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Frovifors Railway Bridge - 2007
Monitoring to assess and to verify

Fiber optic

Smart rebar — integrated i
fibre optic sensors
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Frovifors Railway Bridge - 2007
CFRP tubes NSMR rods




Conclusion

The need of maintenance, repair and upgrading is expected to increase
Increased need to understand behaviour and performance

Focus on technology that extend the life

Cost effective methods, not disturbing ongoing activities

Different methods for different applications - toolbox

Increased focus on the service limit state



Concrete Surface Protection Systems
Results from Field Test Projects

Eva Rodum and Claus K. Larsen
Tunnel- and Concrete division, NPRA

NVF, Annual Bridge Conference, 2010-09-01--02, Oslo, Norway



Introduction

NPRA owns and manages more than 17,000 bridges

There are about 400 long concrete bridges in harsh marine
climate along the Norwegian coast

The main deterioration mechanism is chloride induced
corrosion

Bridges are designed for 100 years service-life, which
assumes systematic maintenance

Surface protection is one option which may be relevant in
order to secure the designed service-life and/or reduce the
maintenance/repair costs



Introduction (cont)

» Surface protection systems perform basically well In
laboratory tests

~ There is a need for on-site experience to reveal the “true”

In-service performance and effect of the different product
categories on the chloride ingress

~ The objective of the field testing is two-folded:

— Compare the chloride retarding effect of various types of
products

— ldentify which parameters that may be critical for the long
term effect of the products



Gimsgystraumen o

Skarnsundet
@
° Sjursgya
O

Some of the results are

published, others are
Lundevann preliminary



Field test projects - type of products

» Two of the three different product types
("methods”) defined in EN 1504-2 are included In
the tests
— Hydrophobic impregnations (HI)

— Coatings

l.e. silanes, siloxanes l.e. cement based coatings



Field test projects — measurements

» Chloride ingress (main parameter)

~ Depth of penetration of hydrophobic
Impregnations

~ Bond strength of coatings



Skarnsundet bridge

“

Build: 1990

Concrete quality: w/b ratio
0.40

Test project started: 1993
One tower, lower areas



Skarnsundet bridge — test project 1993

~ Products
— Two HI (13% and 40%
silane in white spirit)
— Two flexible cement
based coatings

— Several paintings and
non-flexible cement
based coatings

~ Examined after 1-5 and
12 years



Skarnsundet bridge

Chloride content, % by

concrete mass

Southern side, 1 m above foundation - 12 years

0,60
—¥— Reference 1
0.40 | —— Reference 2
—e— Flex coating 1
0,20 —— Flex coating 2
—o— HI - 13,4 % silane
0,00
0 10 20 30 40 —eo— HI - 40 % silane

Depth from surface, mm

Depth of penetration not measurable

The bond strength of all coatings is in general
satisfactory after 12 years

Local damages in the coatings (e.g. cracks) have
however caused total loss of bond



Quay Sjursgya

~ Build in 1960

~ Repaired in 1999
due to extensive
reinforcement
corrosion



Quay Sjursgya™ — repaired and surface
treated in 1999

~ Shotcrete on the bottom side
of the deck (mainly wet
sprayed)

~ Ordinarily concrete in beams

~ w/b ratio 0.40 (theoretical!)

~ Products

— 4 HI 100 % silane (gel,
creams and liquid)

— 4 cement based coatings (3
flexible and 1 non-flexible)

~ Products applied a few
weeks after concreting

~ Examined after 1, 2, 5 and
10 years

*) Project co-operation between Oslo Havnevesen, Entreprengrservice,
Skanska, Steerk & Co, NPRA and NFB



Core locations - each test area

-« i
BIS. BIU % FI ;

i
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Front of the quay

¥<— BIS, BYS

BIU



Chloride conctent, % by
concrete mass

Chloride content, % by

0,80 [
0,60 |

0,40 F

concrete mass

0,20 4

0,00 L

080 |
060 |
040 |
020 |

0’00 _||||||||||

Beams (BIS) - 10 years

Depth from surface, mm

Beams (BIU) - 10 years

Depth from surface, mm

—«— Reference 1
—x— Reference 2a
—— Reference 2b
—+— Hl Silane gel
—&— Hl Silane cream
—— Hl Silane cream a
—— Hi Silane cream b
—— Flexible coating 1
—— Flexible coating 2
—a— Flexible coating 3

Depth of penetration:
3-6 mm

Beams (BYS) - 10 years

0,80

0,60

0,40

0,20

0,00

Depth from surface, mm




Chloride content, % by

Chloride content, % by

concrete mass

concrete mass

0,80

0,60

0,40 |

0,20 |

Deck (FI) - 10 years

0,00 LN
0 10 20 30 40 50
Depth from surface, mm
Deck (FM) - 10 years
0,80
0,60
0,40
0,20 K42
0,00 ‘

0 10 20 30 40 50

Depth from surface, mm

—x— Reference 1
—e— Reference 2a
—— Reference 2b
—— HlI Silane gel
—e— Hl Silane liquid

—a— HI Silane cream 1
—— HI Silane cream 2
—&— HI Silane cream 3

Depth of penetration:

-

-15 mm

Deck (FY)-10 years

0,80

0,60

0,40

0,20 1

0,00 °

20 30 40 50

Depth from surface, mm



Gimsgystraumen bridge




Gimsgystraumen bridge (slabs - 1995)

Concrete slabs 500x500x50 mm?3
w/b ratio 0.40
Cast and exposed in 1995

Products: 9 different, among them

— 2 HI (20 % silane/siloxane and 100 %
silane)

— 1 100 % silane +silane-acrylic topcoat
— 1 flexible cement based coating

4 different surface conditions
prior to application:

— Semi-dry / Wet

— Sand blasted / Virgin surface

The slabs are exposed on one
of the pillars on the bridge

Chloride profiles determined
after 3, 7 and 10 years



Gimsgystraumen bridge (slabs -95) - 10 years

1: HI (20 %6
silane/siloxane)

4: HI (100 %o
silane, liquid)

6: Same as 4 - with
a silane-acrylic
based top-coat

7: Flexible cement-
latex-based
coating

10: Untreated
reference

Sand-
blasted

Virgin
surface

Wet

11 —¥—B 10 Wet; sand-blasted surface
10 B 10 years exposure
09 %
08 | —eo—B4
0.7 | —4a—B6
06 o °F
0.5 -
0.4 -
0.3 -
0.2
0.1 -
0.0 - —O———0— T
0 5 10 15 20 25 30
Depth (mm)
1.1
— —%— —-D10 Wet; virgin surface
1.0 A 10 years exposure
09 7
08 | — —e— —-D4
07 . — —aA— —-D6
06. 7P
0.5
0.4 4
0.3 7§‘E$§:t:\.\
0.2 & W —mg T
0.1 - k >:§'§:\
0.0 A * == === O—:—E%—
0 5 10 15 20 25 30
Depth (mm)



Gimsgystraumen bridge (slabs — 1998)

Concrete slabs 500 x 500 x 50 mm3
w/b ratio 0.40
Cast in 1995, exposed in 1998

Products
— 2 HI (100 9% silane, liquid + gel)

1 surface condition before
treatment:
— Dry, virgin surface

Exposed on the same bridge pillar

Chloride profiles after 1, 4 og 7
years



Gimsgystraumen bridge (slabs -98) - 7 years

Chloride content (% by concrete mass)

1.0

0.9 | Exposure 7 years

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

—&— Reference N
—&— Reference S

—@— Pure silane

—aA— Silane-gel

Depth (mm)

100 %6 silane, liquid

Depth of penetration: 2mm

100 %6 silane, gel

Depth of penetration: 22mm
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Lundevann bridge (edge beams and slabs - 1998 )

Edge beams repaired in 1998
Concrete slabs 500x300x50 mms3
w/b ratio 0.40

Cast and exposed in 1998

Products:
— 2 HI (100 9% silane, liquid + gel)
— 2 flexible cement based coatings

4 surface condition before treatment:
— Virgin / Sandblasted surface
— With / whitout curing compound

Deicing salts

Examinations after 1, 3 and 9 years



Lundevann bridge (beams) - 9 years

N

A

100 mm

Crack-failure for the flexible coatings;
Left: initial stage with cracked coating
Middle: advanced stage with loss of bond adjacent to the crack
Right: final stage with a massive loss of bond originating from the crack



Lundevann bridge (slabs) — 9 years

- 0,60
3 i
= o
2% 040 |
C -
L E i ——Ref-avg of 4
- .
8 © I —— Silane liquid - avg of 4
% LC) 0,20 +S|Ian§gel-avg of 4
= O - —— Coating - avg of 2
o (@]
= i
O O’OO T T T O T I T T B Y B B

0 10 20 30 40

Depth from surface, mm

100%6 silane, liquid 10096 silane, gel

Depth of penetration: 2 mm Depth of penetration: 9 mm



Summary |

~ Hydrophobic impregnations
— Show in several cases considerable reduction in
chloride ingress, even after 7-12 years of exposure

— The effect of hydrophobic impregnation is influenced
by the penetration depth

— Higher w/b ratios leads to higher penetration depths

— The wetter the concrete substrate is before
application, the smaller is the penetration depth

— Sandblasting prior to application do not lead to
Increased penetration depths

— The silane-gel show much larger penetration depths
than the liquid silanes



Summary Il

~ Flexible cement based coatings
— Perform excellent as chloride barriers as long as
the coating remains intact
— Risk of cracking

— Cracks in the coatings can have a devastating
effect on the service-life of a treatment in harsh
climates with freeze-thaw actions



Experiences from bridges in service
used to design new bridges.

Knut A. Grefstad
Norwegian Public Roads Administration



Background information
New bridges

Approximately 200 new constructions every year
Bridges (Total length >= 2,5 meters)

Pipes (Diameter >= 2,5 meters)

Culverts (Span >= 2,5 meters)

Constructed tunnels (cut an cover, tunnel portals,
submerged tunnels etc)

Retaining walls higher than 5 meters
Ferry quays and landing ramps



N

Background information
Old bridges

Strengthening
Reconstruction (Widening, pedestrian lanes etc)

Change in loads (Classification, application of
membrane and asphalt etc)

If damages that could influence the load bearing
capacity are discovered



Approval process

~ New constructions
~ Old constructions if the construction bearing capacity is

affected

Guideline HB: 185 Bridge design regulates the approval
process

The Directorate of Public roads (the central office in NPRA)
has the authority to approve nationally owned bridges

The local Counties have the formal authority to approve
bridges owned by the counties but this responsibility has
been delegated to the relevant Region office in Norwegian
Public Roads Administration

The Directorate of Public roads (the central office in NPRA)
usually administrate the approval process also for the
bridges owned by the local Counties but does not have the
authority to approve so approval is only recomended



Approval process

Private consultants
In house staff

The formal approval or recommendation of
approval has to be given from NPRA

In addition, all the design drawings are checked
by in house bridge maintenance personnel in
order to assure access for inspection and
maintenance and to reduce future maintenance
costs as much as possible



Maintenance check

v Bridge level, directly affecting each bridge
~ Implementation of new guidelines
~ Need to improve guidelines



\

Maintenance check, important factors

Maintenance costs

— Concrete members 40 %

— Steel members 20 %

— Wearing course and water tight membranes %
— Bridge equipment 25 %

Traffic regulations
Traffic costs
Health, Environment and Safety aspects (HMS)



Maintenance check, important
elements

Documentation

~ Geometry, details

— Width of the bridge deck
— Abutments, keeping water away
— Access

v Static system (Affecting bearings and joint constructions)

Materials

— Concrete cover and quality

— Corrosion protection of steel members and partly cast-in steel
— Waterproofing systems

Bridge equipment

— Construction joints, bearings, parapets, drains

Safety aspects

— User safety, construction safety



Important Guidelines



Helpful Guidelines



Guidelines, not up to date but still
existing.



Documentation

» Handbook 185: Bridge design gives the overall regulations
— Design aproval process
— Design calculations
— Design drawings (HB 139)
e Overview drawing
e Ground works
e Construction elements
e Waterproofing system
e Supporting bearing system
e Bridge equipment
— Material lists
— Inspection and maintenance plan
— “As built” documentation



Documentation

» Detailing level

— All the information necessary to build and operate the
structure should be available from the design drawings

~ Important information for the future service
phase must be available from the drawings



Documentation
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Geometry

~ How to inspect and
maintain and satisfy the
traffic demands at the
same time?

~ Building costs are not
proportional with material



Geometry

~ Keeping water away



Geometry

~ Jointless bridges



Geometry

~ Abutments



Geometry

~ Abutments



Static system

No joint construction if possible

If necessary, only one joint construction is
generally allowed

Demand for bearings between the superstructure
and substructure if the foundation could
experience vertical settlement

As few bearings as possible both in the
longitudinal and the cross direction



Materials

v~ Concrete



Materials

» Concrete
— Concrete quality
— Concrete cover
— Fixing bars
— Tolerances

e +/-5 mm for
Fixing bars

e +/- 15 mm for
constructive bars



Materials

~ Corrosion protection of
steel members

— Duplex system:
100 my sprayed zinc
Three layer paint system
based on Epoxy and
Polyurethane

— Hot dip galvanized steel

— Stainless steel has to be
used for partly cast-in
steel for connections to
parapets etc.



Materials

~ Waterproofing systems



Water proofing systems



Water proofing systems

Table 1 Recommended Pavemant Design Loads for Cotcaste and Steed Bridge Decks
AADT Span Length Ranga i

<[ 1<]<35 15 <1 < 200 | > 20

<3000 2.3 kNim? 2.0 kN 2.0 kNinr
5.0 kN | (100 mm| (80 mm| (50 mm)

200 | (200mm) | 33 ENmS 2.5 kNim? 2.0 kNimy’
(120 mm| (100 mm| (50 mm)




Water proofing systems



Water proofing system



Bridge equipment



Safety aspects

Erosion

Vehicle hits, ship collisions

Risk and consequences of fires
Dangerous areas for public access

Parapet design
— Change-over from bridge to road, endings etc

Risk and consequences of downfall (ice, gravel
etc)



L"k ETSI, Life Cycle
enne Optimization for Bridges
vira

NVF Annual Bridge
Conference 2010
1.9.2090 Oslo




Elinkaareltaan Tarkoituksenmukainen Silta
(Bridge with optimized Life Cycle)

Compromise

LCC LCA "LC Culture”




-project 2004 2007- 2009 2011

stage 2

Inter Nordic project to develop methodology and
tools for life cycle analysis

R

LCC -tool, Sweden, under development
LCA -tool, Norway, under development (Denmark)
LC culture -evaluation method, Finland, ready

ETSI-3, common data-base and SAAS? interface (safety?)




More Information:
http://lwww.tkk.fi/Yksikot/Silta/Etsiwww3/index.html










Class I Class II Class ITI
. Item
LC Culture, Coefficient
pi wi | pi wi | pi wi
for Aesthetics
[ntegration between the bridge and 6 4 2
the site
[Horizontal and vertical geometry 3 2 1
— -
f-—_-l:.-ﬂj' - ;L r'IE?I! EF—_-IL_!: 'I: . Superstructure (9) (7) (4
- harmony of spans 2 2 1
- type and shape 4 3 2
- simplicity, slenderness and 3 2 1
transparency
il
1 Abutments (4) (3) (3)
Z B E'p ] - placement 2 1 1
— 1 _ i=1 - shape 1 1 1
"Erj al T 1 a ] - visible size 1 1 1
: I, 1 1'lr' p i max Columns, piers and pylons ()] 3) 2)
i=1 - placement 1 1 1
- shape 3 2 1
Category Explanation Railings 2 2 1
-2 Poor Embellishments, surface colours and 2 2 1
-1 Modest textures
0 Medium ighting 5 5 :
+1 Good
+ 7
2 Excellent < (32) 25) (15)
Class 1 The bridge site 1s most demanding considering the landscape or city view.
Class IT The bridge site 1s demanding considering the landscape or city view.
Class IIT The bridge site 1s conspicuous considering the landscape or city view.

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



Impact on Future Bridges

Material changes
*More LCA -friendly wood bridges?

sImpact of 100 years of maintenance into
material choices and surface treatments

*Use of surface treatments and protective
layers to postpone / prevent repairs

Impacts from Bridge Site
eAesthetical and other cultural values
sTransport issues

*Traffic issues (next page)

Alas, better optimized bridges regarding life cycle costs,
environmental impacts and cultural values!




New Ideas for Bridge Sites with Dense Traffic

Should we sometimes build extra wide bridges
to be able to repair railings and edge beams
without traffic disturbance?

Should we choose a water isolation made of
"gold" to avoid repair works among traffic?

Should we learn about fast construction
methods of railway bridges even for street and
road bridges?

Kuva: I\/ngnciirtn




Implementation of ETSI in Finland

Standard, comparable LCC and LCA calculation methods open
remarkable innovation possibilities in for example design and build
contracts. Lowest investment price isn't necessarily clients choice but
the one with lowest maintenance costs and traffic disturbance.

1) Finnish Traffic Agency is going to require LCC calculations as part of a bridge design. The
bids are evaluated according to life cycle costs.

To be completed:
Finalizing the tool
epricing of traffic disturbance

ea common database for life cycle values

2) Finnish Traffic Agency is going to experiment the use of standard LCA evaluation in
contracts. Most likely we'll use it in future by setting limits to environmental impacts or set a price
to them.

3) Finnish Traffic Agency is going to experiment the use of cultural evaluation in some
projects. Most likely it will be applied on the most demanding bridges in the future




-
design guideline

Dr Risto Kiviluoma

Bridges in Service - NVF Annual Bridge Conference, 1-2
September 2010, Oslo, Norway
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Introduction LIIk
enne
Vira

Bridge owners and engineers need tools to prepare life- Sto
cycle-cost (LCC) estimates at various stages of the

project
aside with the Nordic ETSI project, Finnish Transport

Agency (“LiVi”) has conducted a project for developing a
design guideline for LCC-issues of road bridges

project team

LiVi: Pekka Korhonen (project manager), Jouko LAmsa,
Seppo Aitta, Marja-Kaarina Sdderqgvist, Timo Tirkkonen,
Minna Torkkeli

WSP: Risto Kiviluoma




Road bridges in Finland

14,000 bridges (span = 2 m) on public roads
(owned by LiVi)

majority of bridges are small (and “ordinary”)

LiVi is active to guide the design and constructions

well established bridge management system

(BMS). The system comprises data of 19,602
bridges, including most of the road bridges in
Finland. In use for about 3 decades

“bridges are in good care”

Reinforced Prestressed
Concrete Concrete
60 % 18 %

Timber o
1% 00 19 %







Objectives of the LCC guideline

provide instructions to estimate and allow
comparison of costs encountered at life-
cycle of a bridge

at design stage

at renovation design stage
to cover and separate all relevant cost
types; direct and indirect, of

bridge owning organisation

users

society

to enhance usage of sustainable design
options and repair methods







Direct costs

Indirect costs

Agency Construction Risks
Maintenance
— curing
— operating
— repairing
— dismantling
Users Traffic delay costs
Risks
Society Environmental (LCA)

Risks
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Methodology

extension of the methodology for standard quantity takeoff and cost
estimation of a bridge:

cost = unit price * quantity
quantities as derivable from the design

present value calculation for all cost types using multiple discount rates:
0%, 1%, 2% and 5%

using present value calculation for environmental costs reflects the improvement
potential which exists in recycling, reusing, waste handling etc.
time frame (period) for LCC-estimation is fixed, and is 100 y unless
otherwise stated by the employer

steel pipe and timber bridges have service life less than 100 y meaning that they
have to be assumed rebuilt during the period

—




Effect of intrest rate on the present value of 1€
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BMS (and bridge inspections) as theoretical
bases of service-life estimation

Computational condition index of a bridge

(calculated from visual bridge inspection data via BMS)

Renovation 1

Renovation 2




Confidence level in service-life estimation
(Finnish BMS example)

BMS-based distribution of condition indexes (KL):
edge beams on salted roads

100 % —
=KL 4 or worse

0f =i
90 % —=KL 3 or worse (damages exist but repair could be postponed)

80 % |— ==iK| 2 orworse (repair needed) _—

20 % =KL 1 (repair is late)
0 /
60 % / ]
/ / average service life 4
50 % / /
40 % / /
30 % —
/ / 80% sure service life
20 % / /
10%

0 10 20 30 40 50 60
Year count

Percentage of the bridge group




when evaluating service life, one has to also assess related confidence (or
risk) level

LiVi's guideline produces “extended LCC-estimate” to include:
conventional LCC calculation

LCA analysis & evaluation
risk-analysis & evaluation

all necessary unit data is supposed to be given in the guideline




Condition factor Class | Description
Bridge Site I Special demanding
theti t Il Demanding
(aesthetics etc.) I Important
\ Usual
Traffic volume KVL Average vehicles per day to be given for underpass and surpass traffic corridors
Estimate of traffic +0% Quiet roads (KVL < 200)
| h ‘ +50% Connecting roads, roads is general
volume change In +100% Main roads, highways, motorways
50 Yy +150% Entrance roads of developing growing cities
Locatlon M1 Cities
M2 Densely populated areas
M3 Rural
Salt of winter road S1 Heavily salted (road maintenance classes 1 and 1S)
int S2 Salted
Mmaintenance S3 Salt fume
S4 No salting
Water presence W1 Sea water: submerged structure
w2 Sea water: water and ice influence
W3 Fresh water: submerged structure
w4 Fresh water: water and ice influence
W5 No presence of permanent water
Risk of vandalism R1 High
R2 Increased
R3 Normal or negligible
Condition class for L1 Special rating according to the guideline TIEH 210054-07
. . L2
steel pipe bridges L3
L4




Traffic growth models

3
—0%

25 —e=+50 %
—x=+100 %
—o=+150 %

2

KVL 15 /X/x

0.5

0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Time in years




Unit (cost) data for LCC-estimate

unit data consists on 9 tables given in Annex of the guideline
(construction costs are addressed in a separate guideline by LiVi)

cost of bridge design and employers costs (new bridge)

durations of construction, noise, vibration and contamination (new bridge)
amount of construction waste (new bridge)

traffic delay costs

cost of environmental impacts

risks of the organisation

risks of the users

risks of the society (accidents etc.)

costs of maintenance operations




Agreed period of LCC estimation (100 y)

~ TN

Standard maintenance scheme (based on unit data)

: ¥ i ¥
+10 y 15y | [+10y 15y | ¥ g 9

0 10 20 30 40 50 60 70 80 90 100 timely]

Delayed maintenance scheme (selectable by the designer)

Unit data for @ Renovation/repair @ Rebuild
Maintenance * operation age 20 y » operation age 40 v
* delay max +10y * delay max +15 v




unit data for maintenance operations

Number

Title

Unit

Operat.
year

Operat.
delay
max y

Unit costs
€/yks
costs

% const.

Duration
dfunit

Curing

&ly

Env.

LCNE
tunit

Noise
%

duration duration duration

Vibration Contamin.

%

%

Waste
tunit

Remarks

1000

1100

1120

1123

1300

1310

1320

1321

13211

1321.2

13213

1324

MAA- POHJA- JA KALLIO-
RAKENTEET

OLEVAT RAKENTEET JA
RAKENNUSOSAT

POISTETTAVAT, SIIRRETTAVAT
JA SUCJATTAVAT RAKENTEET

Poistettavat, siirrettavatja
suojattavat sillat

- betonirakenteet

- kivirakenteet

- puurakenteet

- terasrakenteet

- muut rakenteet

* lis& kestoon kierratyksesta

PERUSTUSRAKENTEET
MAANVARAISET PERUSTUKSET
PAALUPERUSTUKSET
Lydntipaalut

Betonipaalut
1 korjaaminen
* kayttéikamitoitus 100 v
* ej kayttéikamitoitusta
* veden vaikuts W1
* veden vaikuts W2

Teraspaalut
-1 korjaaminen
* kayttéikémitoitus 100 v
* ei kayttdikamitoitusta
*veden vaikuts W1
*veden vaikuts W2
* suolauksen vaikutus 54

Puupaalut
-1 kerjaaminen

Kaivettavat paalut

m3
m3
m3

pcs

+33

mitr
mitr

70
+50

-10
-20
70
+50
-10

-20
-20

50

+20

+20

+20

= 50 %
- 50 %
- 50 %
- 50 %
= 50 %

- 200 %

- 200 %

- 100 %

0.01
0.01
0.01
0.01
0.01
+20%

50 %
50 %
20 %
20 %
20 %

50 %

50 %

50 %

50 %

50 %

50 %

50 %
20 %
20 %
20 %
20%

50 %

50 %

50 %

kierratys ja uusiokaytt
voidaan ottaa huomioon

voidaan jattéa ottamatta huomioon
sillan peruslaatat kts. 4207




to prepare the LCC estimate, bridge engineer needs tentatively design and
schedule the maintenance operations. Example:

edge beam service life = 25 years

parapet service life = 40 years

bridge equipment service life = 40 years

water proofing service life = 30 years

to minimise LCC, do everything in the 1st renovation project at 30 years

If repair is postponed, a penalty will be set to unit cost

if new materials etc. are used that are claimed to have extended service life
a penalty is set to risk value




example of schedule for a bridge with target service life 100 years

Operation Abbreviation Year count
Bridge design and construction - 0
Maintenance repair 1 Y1l 15
Renovation 1 P1 30
Renovation 2 P2 60
Maintenance repair 2 Y2 80
Bridge is used till the end in intensified control L 90
Dismantling L 100
Curing - Every year
Road maintenance T Every year




@EOEEO

Operation durations, Renovation “P1”

@ Site general tasks 20d
@ Deck top surface repairing 40d
@ Edge beam and parapet renewals 30d
@ Water proofing renewal 30d
@ Deck bottom surface repairing 15d
Operatlon overlappmg Explanation:
20d
20d  feeeerennennnns 20 d another side of deck in service
edge beams completed before
15d |eeesemmennncnnnnnnne 15d e o
(%o I T— 15d
underneath of the deck with
15d scaffolding
] ] ] ] ] ] ] ] vI ] ’
10 20 30 40 50 60 70 80 90 100 duration [days]

P1 duration 90 days, overlapping save total 45 days




Format of LCC-estimate

output as single design document: “bridge life-cycle-cost estimate”
a spread sheet will be provided to ease the preparation

In-detail breakdown of cost is requested
to allow comparison and inspection
to allow cost-benefit analysis of individual design solutions
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SILLAN ELINKAARIKUSTANNUSARVIO

Suunnitelman numero R15/12470
Kustannusindeksi i (2000=100) 1394

RINTALAN RISTEYSSILTA, MASKU

Mt 189 rakentaminen vélille Sinkkivuori-Masku

Jannitetty betoninen jatkuva ulokepalkkisilta (JBjup)
Jm (2,50) + 21,50 + 26,00 + 15,50 + (1,50) m

HI 10,50 m

Yinous 29,1 gon

Kokonaispituus 71,80 m

Kannen pituus 67,00 m

Suunnittelukuorma Lkl, Ek 1/TIEL 99

SUUNNITTELIJA TILAAJA

Laati: 29.4.2010 Tarkastus:

Yleiset 1ahtdtiedot

Elinkaarikustannusarvion laadintaperusta Livi 2010

Sillan suunnitelukayttoika 100 v

Siltapaikkaluokka Il (vaativa)

Sillan rakennuskustannukset * € 640000 (i=139.4, 2000=100, ALVD)
Sillan nelighinta * € 849 (i=139,4, 2000=100, ALVO)
Liikennemaara ylapuolisilla vaylilla KVL 3000 (keskim. vuorokausiliikenne)
Lilkennemaara alapuolisilla vaylilla KVL 1000 (keskim. vuorokausilikenne)
Lilkennemaaran muutosennuste 50 % (50 v. tarastelujaksolla)
Olemassa olevan kiertotien pituus 50 km

* sillan kustannusarvion mukaan, ei sisalla suunnittelu- ja rakennuttamiskustannuksia

Sijainti- ja olosuhdekoodit

Suoma Vaara

Tarkasti: 29.4.2010 Hyvaksynta:

Kalle Kataja

Sijainti Sijainti- | Olosuhde-
koodi koodit
Koko silta Qoo Y2
Maatuki 1 100 S1,R1
Maatuki 2 200 S1,R1
Valituki 1 310 S1,R1
Vilituki 2 320 1
Paallysrakenne 400 S2,R1
Varusteet ja laitteet 600 R1
Muut siltapaikan rakennusosat 900 -
¥ f=maaseutu; ¥2=tasjama; Y3 = kaupunki: S SZ=suolattu; suclaus

Vi=veden ja jadn vaikutus, R 1=pieni ikivaliariski, R2=suuri ilkivaliariski
Tarasputkisillat: L1...L4 {olosuhdeluckka 1...4 TIEH 210054-07 )

Tarkastellut kustannuslajit

Tienpitdjan kustannukset: rakennus, kunnossapito ja riskit
Kayttajien kustannukset: ajokustannukset ja riskit
Yhteiskunnan kustannukset: ymparistokustannukset ja riskit
Liitteet

A1 Kaytdjien sjokustannukset
¥1 Yhieiskunnan ymparistskustannukset
R1 Tienpitsjén riskianalyysi

R2 K&yftajan riskianalyysi

R3 Yhteiskunnan riskianalyysi




the summary page

Kohde: Rintalan risteyssilta, Masku ELINKAARIKUSTANNUSTEN YHTEENVETO Sillan elinkaarikustannusarvio pvm 29.4.2010 sivu 2
Suunnitelman numero R15/12470 Rahayksikko €
Rakenta- Kunnossapito Elinkaarikustannusten
minen yllapidon kustannukset, nykyarvo hoidon ja kayton kustannukset, nykyarvo nykyarvo
kust. 1% 2% 5% kust. 1% 2% 5% kust. 1% 2% 5%
TIENPITAJAN SUORAT KUSTANNUKSET
Kustannukset (i=100, 2000=1000) 514 000| 927000 541700 337900 109900 83 250 52472 35879 16 550| 1524260 1108172 8B7779 640450
- kustannustason indeksikorjaus 202516] 365238 213430 133133 43301 32 801 20674 14137 6521 600555 436620 349785 262 337
Yhteensa, pydristettyna 717000{ 1292000 755000 471000 153000 116000 73000 50 000 23000| 2125000 1545000 1238000 893000
(i=139,4, 2000=100, ALVO)
% rakentamisen kustannuksista 100 % 180 % 105 % 66 % 21% 16 % 10 % 7% 3% 296 % 215 % 173 % 126 %
TIENPITAJAN EPASUORAT KUSTANNUKSET
Kustannukset (i=100, 2000=1000)
- riskit 12900 89 500 56 400 37 200 12700 10 300 6300 3800 900| 112700 75 600 653900 26500
- yhteensé 12 900 B9 500 56400 37 200 12 700 10 300 6300 3800 900| 112700 75 600 53 900 26 500
- kustannustason indeksikorjaus 5083 35 263 22222 14 657 5004 4058 2482 1497 365 44 404 29786 21237 10 441
Yhteensa, pydristettyna 18000{ 125000 79 000 52 000 18 000 14 000 9000 5000 1000{ 157000 105000 75000 37 000
(i=139,4, 2000=100, ALVO)
% rakentamisen kustannuksista 3% 17 % 1% 7% 3% 2% 1% 1% 0% 2% 15 % 10% 5%
KAYTTAJIEN KUSTANNUKSET
Kustannukset (i=100, 2000=1000)
- ajokustannukset 34000( 132600 81000 52 300 17 600 90 000 54700 33 400 7900| 256600 169700 119700 59 500
- riskit 1000 8000 5500 3800 1400 3200 2300 1700 700 12200 8800 6500 3100
- yhteensé 35000 140600 86 500 56 100 19000 93 200 57 000 35100 B8G00| 268800 178500 126 200 62 600
- kustannustason indeksikorjaus 13790 55 396 34 081 22103 7 486 36721 22 458 13 829 3388 105907 70 329 49723 24 664
Yhteensa, pydristettyna 49000 196000 121000 78 000 26000 130000 79000 49000 12000| 375000 249000 176000 87 000
(i=139,4, 2000=100, ALVO)
% rakentamisen kustannuksista 7% 271 % 17 % 1% 4% 18 % 1% 7% 2% 52 % 35 % 25% 12%
YHTEISKUNNAN KUSTANNUKSET
Kustannukset (i=100, 2000=1000)
- ymparistokustannukset 1000 10000 8000 6200 4200 10 000 8000 6200 4200 21000 17 000 13 400 9 400
- riskit 8800 49100 33 200 26100 11700 500 400 300 200 58 400 42 400 35200 20700
- yhteensé 9 800 59100 41200 32 300 15 900 10 500 8400 6 500 4400 79 400 59 400 48600 30100
- kustannustason indeksikorjaus 3861 23285 16 233 12726 6 265 4137 3310 2561 1734 31284 23 404 19 148 11 859
Yhteensa, pydristettyna 14 000 82000 57 000 45000 22000 15 000 12000 9000 6000] 111000 83 000 68 000 42000
(i=139,4, 2000=100, ALVO)
% rakentamisen kustannuksista 2% 11 % 8% 6% 3% 2% 2% 1% 1% 15 % 12 % 9% 6%
KAIKKI KUSTANNUSLAJIT YHTEENSA
Tienpitdja 735000 1417000 834000 523000 171000 130000 82 000 55000 24000| 2282000 1650000 1313000 930000
Kayttajat 49000 196000 121000 78 000 26000| 130000 79000 49000 12000| 375000 249000 176000 87 000
Yhteiskunta 14 000 82 000 57 000 45 000 22 000 15 000 12 000 9000 6000] 111000 83 000 68 000 42 000
Yhteensa 798000 1695000 1012000 646000 219000 275000 173000 113000 42000 2768000 1982000 1557000 1059000
(i=139,4, 2000=100, ALVO)
% rakentamisen kustannuksista 111% 236 % 141 % 90 % 3% 38 % 24 % 16 % 6% 386 % 276 % 217 % 148 %




the direct cost calculation sheet

Kohde  Rintalan risteyssilta, Masku TIENPITAJAN KUSTANNUKSET Suorat kustannukset Elinkaarikustannusarvio pvm 29.4.2010 sivu 4
Suunnitelman numero R15/12470 Rahayksikko €
Yksikkdkustannuksst: =100, 2000=100, ALVD, iiman tydmaan yhteiskustannuksia
Numero Nimike Sijain-| Mitta- [ Maard | Rak. Rak. [ Kaytts- YiZpito Hoito ja kayttd
ti yks. yks. kust. ika v. [ajank.| tyyp- | yvksik nykyarvo vuosit. nykyarvo
koodi kust V. pi | kust kust. 1% 2% 5% | kust | kust. 1% 2% 5%
1810 PENKEREET
1811 Maapenkereet 900 | m3rr | 200 9.2 1840 20
- eroosiovaurioiden korjaus 1 20 ¥1 | 20% 68 302 248 139 - - -
- eroosiovaurigiden korjaus 2 30 P1 | 20% 368 273 203 85 - - -
- eroosiovaurigiden korjaus 3 60 P2 | 20% 368 203 112 20 - - -
- eroosiovaurioiden korjaus 4 80 Y2 | 20% 368 166 75 7 - - -
2140 PAALLYSTEET JA PINTARA-
KENTEET
21431 |Betonikivi- ja laattapaallysteet 900 | m2tr 120 362 [ 4340 20
- eroosiovaurioiden korjaus 1 20 Y1 | 20% 868 1 L84 327 - - -
- eroosiovauriciden korjaus 2 30 P1 | 20% 268 644 479 201 - - -
- eroosiovaurioiden korjaus 3 60 P2 | 20% 268 478 265 46| - - -
- eroosiovaurioiden korjaus 4 80 Y2 | 20% 268 392 178 18 - - -
2320 NURMI- JA NITTYVERHOUKSET
23211 |Kylvénurmikot 900 | ma2tr a0 a7 333 50
- korjaus 1 30 P1 | 50 % 167 124 92 9 - S S
- korjaus 2 60 P2 | 50 % 167 92 51 9 - S S
4200 SILLAT
Hoito ja tarkastukset
* tavanomaiset siltatyypit
- sillan hoito 000 | kpliv 1 - - -| 500 (50000 31514 21549 9924
* siltapaikkaluokka Il
- sillan yleistarkastukset 000 | kplv 02 - - - -| 40 4000 2521 1724 794
- erikoistarkastus 1 000 kpl 1 30 P1 | 5000 5000 3710 2780 1187 - - - - -
- erikoistarkastus 2 000 kpl 1 60 P2 | 5000 5000 2752 1524 268 - - - -
4207 Sillan peruslaatat
1: Valituki 2 320 | m3tr | 66 1760 | 11616 50
- betonipinnan paikkaus, vedenalainen 60 P2 | 50 % 5808 3197 1770 n - - -
*lis3 korjauksen viivastymisesta 10v 60 P2 | 10% 1162 639 354 62 - - -
4210 SILLAN TUKIRAKENTEET




the operations duration calculation sheet

Kohde  Rintalan risteyssilta, Masku KESTOT Elinkaarikustannusarvio pvm 4382010 Liite K1
Suunnitglman numero R15/12470 Sivu 1
MNumero Nimike Sijainti Mitta- Maara Yks. Kak. Kestot ajokustannusien suhteen Kestot ymparistikustannusten suhteen
koodi ks, kesio kesio Alittavat waylat Ylittavat vaylat Melu Tarina Likaantuminen
vrk wrk. k) k. % vk % k. % Ik k) vrk

RAKENTAMINEN

- paikalla valetut betonisillat, paaluperustut oo kan-m2 697 01 70 100 % To - - 25 % 17 25 % 17 100 % 70
* lisd vesiston ylityksestd 000 | kan-m2 | 697 10 % 7 100 % 7 - - 25% 2 25 % 2 100 % 7
77 77 19 19 77

YLLAPITOKORJAUS 1

1311 Maapenkerset
- eroosiovaurioiden korjaus 1 00 marir 200 0.01 2 - - - - - - - - - -

21431 |Betonikivi- ja laatiapaillysteat

- eroosiovarioiden korjaus 00 m2ir 120 0.01 1 - - - - - - - - - -
4221 Betonirakenteet paallysrakentesssa
- halkeamien peittaminen 1 400 ma3rr 407 0.01 4 100 % 4 - - - - - - - -

4241 Lilkuntasaumat
- sillan saumaojen tivistaminzn 1 600 mir 160 0.01 2 - - - - - - - - - -

424512 |Teraskaiteet
- kaiteiden oikominen 1 600 mir 156 0.01 2 - - - - - - - - - -

424851 |Pintavesikouru luiskassa
- uusiminen 1 g00 mir 1 01 1 - - - - - - - - - -

5400 Tyomaapalvelut
- tydmaan perusiaminen ja purkaminen ooo kpl 1 z 2 100 % 2 100 % 2 - - - - 100 % 2
* korjausurakan yhieisk. 5'000... 10'000 €

5520 Telineet 400 ma2ir 349 0.005 2 100 % 2 - - - - - - - -

FPERUSKORJAUS 1

1811 Maapenkerset
- eroosiovaurioiden korjaus 2 00 marir 200 0.01 2 - - - - - - - - - -

21431 |Betonikivi- ja laatiapdillysteat
- eroosiovarioiden korjaus 2 00 m2ir 120 0.01 1 - - - - - - - - - -

23211 |Kylvénurmikot
- korjaus 1 00 m2ir ag 0.0z 2 - - - - - - - - - -




the environmental cost calculation sheet

Kohde

Rintalan risteyssilta, Masku

Suunnitelman numero R15/12470

YHTEISKUNNAN YMPARISTOKUSTANNUKSET
Rahayksikka €
Yksikkokustannukset: i=100, 2000=100, ALV0

Elinkaarikustannusarvio

pvm 2942010 Liite Y1

Sivu

1

Numero Nimike Maaratiedot Kustannustiedot Kustannukset, nykyarvo
sijainti mitta- maara | muunto- lask. maara vks ajank.
koodi yks. kerroin yks. kust. V. kust. 1% 2% 5%
42001 YMPARISTOKUSTANNUKSET
4200K11 RAKENTAMINEN
4200K112  |Luonnonhaitat, matenaalisidonnaiset
- betonirakenteet 000 m3rtr 125 0.001 tLCNE | 0125 | 1100 0 138 138 138 138
- raudoitteet 000 kg 54000 | 0.00005 | tLCNE 27 1100 0 2970 2970 2970 2970
- terasrakenteet 000 t 120 0.00002 | tLCNE | 0.0024 | 1200 0 3 3 3 3
- pinnoitteet 000 m2rir 120000 | 0.0001 | tLCNE 12 1200 0 14 400 14 400 14400 14 400
4200K113  |Luonnenhaitat, kuljetuksst
- rakennustyst 000 km 2000 0.001 t LCNE 20 1100 0 2200 2200 2200 2200
- jatteiden kasittely 000 km 500 0.001 t LCNE 05 1100 0 550 550 550 550
4200K114  |Pély ja pienhiukkaset
- Y1 taajama 000 wrk 100 0.0027 asuk v 03 50 000 0 13 699 13699 13699 13 699
42001115 |Kaatopaikkajatteet
- muotit ja telineet 000 m2rir 125 0.001 tLCNE | 0125 | 1100 0 138 138 138 138
- terdsbetonirakenteet 000 m3rtr 125 0.001 tLCNE | 0.125 | 1100 0 138 138 138 138
4200116 [Ongelmajatteet ja kemikaalit
- terdsbetonisillat ooo kan-m2 63 0.001 tLCNE | 0.063 | 20000 0 1260 1260 1260 1260
42006117 |Melu ja tarina
- Y1 taajama 000 wrk 100 0.0027 asuk v 0.3 50 000 0 13 699 13699 13699 13 699
. yht 49193 49193 49193 45193
4200112 |YLLAPITO
4200121 |Luonnonhaitat, materiaalisidonnaiset
Peruskarjaus 1
- terdsbetonirakentest 000 mrtr3 125 0.001 tLCNE | 0125 | 1100 30 138 102 76 32
- terasrakenteet 000 kg 120000 | 0.00002 | tLCNE 24 1200 30 2 880 2137 1590 666
Peruskorjaus 2
- terdsbetonirakenteet 000 mrtr3 125 0.001 tLCNE | 0125 | 1100 30 138 102 76 32
- terdsrakenteet 000 kg 120000 | 0.00002 | tLCNE 24 1200 30 2880 2137 1590 666
4200K113  |Luonnenhaitat, kuljetuksst
- Peruskorjaus 1 0oo km 2000 0.001 t LCNE 20 1100 30 2200 1632 1215 508
- Peruskorjaus 2 000 km 2000 0.001 t LCNE 20 1100 60 2200 1211 671 118




the risk evaluation sheet

Kohde Rintalan risteyssilta, Masku TIENPITAJAN RISKIANALYYSI Elinkaarikustannusarvio pvm  29.4.2010 Liite R1
Suunnitelman numero R15/12470 Rahayksikka € sivu 1
Yksikkékustannukset: i=100, 2000=100, ALVD
Numero Riskin kuvaus Riskin todenniakdisyys Riskin seuraukset Riskin arvo
kuvaus  yksikkd todenna- | kuvaus yksikkd maara yks. kustan-  lask. kustannukset, nykyarvo
koisyys kust. nukset  ftoteut.
vuosi | kust. 1% 2% 5%
4200.T1  |TIENPITAJAN RISKIT
4200.T11  |RAKENTAMINEN
4200.T111 |Kayttdsnoton viivastymisen
- tavanomaiset tiesiltatyypit tyypil. % silloista 0.1 pieni rak kust. 514 000 5% 25700 0 2570 2570 2570 2570
4200.T12  |Kustannusten ylittyminen
- tavanomaiset tiesiltatyypit tyypil. % sillcista 0.1 pieni rakkust. 514000 20% | 102800 0 10280 10280 10280 10 280
* tavanomainen markkinatilanne yht| 12850 12850 12850 12850
* tavanomainen urakkamuoto
4200712 |YLLAPITO
4200.T121 |Suunniteltua nopeampi peruskorjaustarve
Peruskoraus 1
- suunnitteluratkaisut tyypil. % silloista 0.1 pieni korj.kust. 280000 10% 28 000 30 2800 2077 1546 648
- tydvirheet tyypil. % silloista 0.1 pieni korjkust. 280000 10% 28000 30 2800 2077 1546 648
- materiaalit tyypil. % silloista 0.1 pieni korjkust. 280000 10% 28000 30 2800 2077 1546 648
- pinnoitteet tyypil. % silloista 0.1 pieni korjkust. 280000 10% 286000 a0 2800 2077 1546 648
- kuormitus ja ymparistaolosuhteet tyypil. % silloista 0.01 pieni korj.kust. 280000 50% 140000 30 1400 1039 773 324
Peruskorjaus 2
- suunnitteluratkaisut tyypil. % silloista 0.1 pieni korjkust. 280000 10% 28 000 60 2800 1541 853 150
- tybvirheet tyypil. % sillcista 0.1 pieni korjkust. 280000 10% 28 000 60 2800 1541 853 150
- materiaalit tyypil. % sillcista 0.1 pieni korjkust. 280000 10% 28 000 60 2800 1541 853 150
- pinnoitteet tyypil. % sillcista 0.1 pieni korjkust. 280000  10% 28 000 60 2800 1541 853 150
- kuermitus ja ympéristaolosuhtest tyypil. % silloista 0.01 pieni korjkust. 280000 50% 140000 &0 1400 77 427 75
4200.T122 |Peruskorjauksen laajeneminen
Peruskorjaus 1
- korjausajankohdan mydhastyminen tyypil. % sillcista 0.1 pieni korjkust. 280000 10% 28 000 30 2800 2077 1546 648
- suunnitteluratkaisut tyypil. % silloista 0.1 pieni korjkust. 280000 10% 28 000 30 2800 2077 1546 648
- tydwirheet tyypil. % silloista 0.1 pieni korj.kust. 280000 10% 28 000 30 2800 2077 1546 648
- materiaalit tyypil. % silloista 0.1 pieni korj.kust. 280000 10% 28 000 30 2800 2077 1546 648
- pinnoitteet tyypil. % silloista 0.1 pieni korj. kust 280000 10% 28000 30 2800 2077 1546 648
- kuormitus ja ymparistaolosuhteet tyypil % silloista 0.1 pieni korj kust 280000 50% 140000 30 14000 10387 7729 3239




in the guideline, recommendations are given for utilisation of LCC-estimates
weighting factors for various cost items
discount rates

the concept of LCC-efficiency class is introduced (to be potentially referred
in bids)

Class Savings* in LCC Description

A >20 % Important potential for savings. This may
be due selected bridge type, material,
construction methods minimizing traffic
delay costs etc.

B >10 % More efficient in LCC than average. This
may be due adoption of one or more
sustainable design details

C <10 % LCC-estimation is done, but significant
savings in LCC can not be anticipated

* compared to average of LCC of alike bridges




Conclusions

Finnish Transport Agency has prepared a guideline for extended LCC-
estimation of road bridges. The main objective is to allow comparison of
cost of different designs

the guideline requests a bridge engineer to do single additional design
document “Bridge LCC-estimate”
the document goes in appropriate detail to comprise about 30 pp. per bridge

guideline is planned to be published and taken in test-use at the September
2010. It contains about 30 pp. + 70 pp. as annex

experiences obtained in the development of the guideline and its test use
have been promising

LCC could be estimated and compared at design stage with the same
methodology and mutual reliability than construction costs.




Challenges in bridge designs and
maintenance for future problems
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Challenges in bridge designs and
maintenance for future problems

Content of the presentation

e Major bridges

 Urban bridges

e Other bridges

 Design
— Advanced repair methods
— Design for maintenance

* Future challenges

Langeland bridge, Denmark
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Major bridges
Challenges

e Major bridges

3

1 - 2 sept.

100 — 200 years service life
Increasing traffic loads and intensity

In service during maintenance
(de-routing not possible)

Preventive maintenance strategies

Accessibility, safety and comfort

Challenges in bridge designs and maintenance
for future problems




Major bridges
Inspectability

e Access for staff
— Ancillary equipment
— Under water
— Inside e.qg. girders
e NDT equipment and systems
— Manual
— Robot techniques

— Monitoring systems

# 4
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Major bridges
Maintainability

e Access for staff and equipment
* Acceptable functional reduction
e Design for maintenance/replacement of:

— Moveable elements e.g. joints, bearings,
hydraulic buffers and pendules

— Bridge deck surfacing

W 5
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Major bridges
Design

Major challenges

* Increasing lifetime requirements
— up to 200 years of service life

* Increasing traffic loads and intensity

6

1 - 2 sept. Challenges in bridge designs and maintenance
for future problems

Approaches

Design for durability
Service life design

Design considering Life Cycle Cost
(LCC) aspects

Ordinary traffic

Heavy transports




Managing heavy transports in Denmark
A case story

 Consistent administration all over the country
e Reduce the number of authority to be asked

* A quick administration

 To prevent bridges from overloading

e To prevent pavement from overloading
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Managing heavy transports in Denmark
A case story

Basis for the management of heavy
transports in Denmark

* Bridge rating

— Determination of the load bearing
capacity in relation to standardized
vehicles

—) Bridge class
* Vehicle rating

— Comparison of the actual heavy
transport with the standardized
vehicles used for bridge rating
(Bending moment and shear force)

—» Vehicle class

Bridge class > Vehicle class =) Permission

# 8

1- 2 sept. Challenges in bridge designs and maintenance
for future problems

Heavy grid road
network



Managing heavy transports in Denmark
A case story

Principles for application in Denmark

+ 1 + 1

Application for a Vehicle rating Application for Permission or
vehicle certificate certificate transport refusal
(Vehicle rating) allowance

v 1 L 4 1

COWI on behalf of the Danish Road
Directorate or haulage contractor on the
Internet

> approx. 100 t = enquiry

Enquiry at bridge & Supplementary
road owners conditions

v 1

Bridges and road owners
Road directorate (COWI)
* COWI: Design of bridge specific heavy Municipalities (COWI: Copenhagen)

transport management system Railway authorities (COWI)
Great Belt Link™>
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Major bridges
Accessibility - a case story

Naini Bridge - Allahabad - India

Flexible access facilities

Reduced working area on bridge

Operate on bridge between hangers

Long radius of action

i 10
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Major bridges
Expansion joints — a case story

Little Belt Suspension Bridge -
replacement

Traffic arrangements

e Closed for traffic in one side
of the bridge

* Work and emergency traffic
over temporary bridge

Little Belt Bridge, Denmark
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Major bridges
Replacement of expansion joints

Back then, 1977-1979
e Not much required

e Little traffic

Little Belt Bridge, Denmark
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Major bridges
Replacement of expansion joints

During works
e Daily traffic approx. 52.000 vehicles
 Extensive arrangements required

e Heavy concrete barriers

e etc.

L R

CEL o3 350 3000 TRLY £
ARSELSMRAL WG HAN - WLEHRANE [l
= |

Little Belt Bridge, Denmark
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Major bridges
Replacement of bearings

Replacement of bearings on Svendborg
bridge, Denmark

 Hardly no space for replacement of the
bearings

e The expansion joints has to be partly
removed before expansion joints can
be replaced

* No space for placing of hydraulic jacks

e Access facilities do not exist. At least
20 meters level height

Svendborgsund Bridge, Denmark
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Cathodic protection may be the only
way to durable repair

Langeland Bridge — 3 different
installations for cathodic protection

e Cathodic protection, bottom plate in
box girder 2010 - 2013

Cathodic protection, pier shaft 2009
— 2013

Langeland Bridge, Denmark
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Major bridges

Bridge deck surfacing — a case story

Deterioration of bridge deck surfacing

Classic asphalt based thick surfacing (larger steel bridges)

e Service life of wearing course is limited to approx. 25 years

e After approx. 25 years wearing course is milled off (in heavy track)
and replaced by new mastic asphalt or stone mastic asphalt

e Service life of the waterproofing and intermediate cover is
approx. 40 — 60 years

60 mm thick asphalt based surfacing:

Wearing course

Intermediate course

\WEEIgelgelo)jlgle]
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30 mm mastic asphalt with chippings or stone mastic asphalt,
bitumen Pen 30

25 mm mastic asphalt, bitumen Pen 30

/

/4 mm mastic (18 % bitumen, Pen 100 and 82 % limestone filler)
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Major bridges

Bridge deck surfacing — a case story

Deterioration of bridge deck surfacing
Classic asphalt based thick surfacing (larger steel bridges)

Advantages

Disadvantages

Long service life

Expensive in construction

Known technology

Heavy weight

i 17
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Major bridges

Bridge deck surfacing — a case story

Deterioration of bridge deck surfacing
Thin surfacing based on polymer resin (small steel bridges and

movable bridges)

e Service life is limited, approx. 15 — 20 years

e After approx. 15 - 20 years surfacing is milled off and replaced by
new thin surfacing renewed in the track areas in the heavy lanes

e Service life can be prolonged approx. 10 years if renewed in the
track areas in the heavy lane

Thin polymer resin surfacing

Wearing course &

Membrane layer

Adhesive primer &

18

6 — 8 mm wearing course including chipping
(Methylene Met Acrylate (MMA), Epoxy or
poly urethane modified epoxy and poly uretane)

2 mm membrane layer of pure binder

300 g/m? adhesive primer
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Major bridges
Bridge deck surfacing — a case story

Deterioration of bridge deck surfacing

Thin surfacing based on polymer resin (small steel bridges and
movable bridges)

Advantages Disadvantages

Low weight Lower service life than
traditional mastic asphalt

Low construction cost Large requirements to sub base
regularity

Fast to apply and to repair Large requirements to work
procedures

i 19
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Urban bridges

e Approx. 100 years service life

* Very high traffic intensity allow very limited time for maintenance
 No maintenance "possible” mmp high design quality

e Alternative widening of bridge to allow for repair and maintenance
Case story: "Skaeve Thorvald™

Traffic:

Average annual daily traffic: 21.173

July daily traffic: 20.159

Working day daily traffic: 24.376

2.000 — 2.500 cars in peek hour.

Capacity, normal: app. 2.000 per lane

Capacity, repair: app. 1.500- 1.800 per lane

i 20
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Other bridges

e 50 — 100 years service life
e Low to medium traffic intensity
* De-routing possible mmp bridge not in service during maintenance

 Corrective maintenance strategy is possible

= 21
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Other bridges
Nordbanen — a case story

 Nordbanen is the suburban line from Copenhagen to Hillergd

e Major track renewal project in 2010:
- Replacement of 25 km rail tracks
- Replacement of 33 railway switches

e Total closure of suburban line for 3 months
e Simultaneously repair of 30 rail carrying bridges

— Closure of track on bridge
maximum 18-21 days for replacement of waterproofing

— Closure of road under bridge
typically 5 — 25 days for replacement of bridge

— Closure of pedestrian / bike path under bridge
less than 5 days for replacement of bridge / tunnel

= 22
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Other bridges
Nordbanen — a case story

 Total of 29 bridges rail carrying bridges
- 3 pedestrian tunnels replaced
- 2 steel bridges replaced

- 1 concrete bridge replaced
- 1 concrete tunnel replaced

- 11 major repairs (new waterproofing)
- 3 tunnels changed to direct rail fastening

- 8 minor repair works

i 23
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Other bridges
Nordbanen — a case story

Requirements for new bridges:
 Adaptable to increased weight, adding additional track, etc.
 Easy maintenance without interfering with rail or road traffic

* Bridge renewal and repair must be fast (7 days a week working 3
shifts) in order not to postpone the track renewal project

 Bridge renewal done conservative by use of traditional methods
(bridge owner take no major risks)

Track cannot be closed the next 25 years (minimum)
The challenge:

 Traditional repair methods

 Shorter time schedule

e No compromise in quality and lifetime of repair works

= 24
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Other bridges
Nordbanen — a case story

Vaseve]j

* New bridge built next to track
 Road open during construction

e Old bridge demolished

* New put into place

* Road reestablished in three weeks

* Bridge moved into place next week

W 25

1 - 2 sept. Challenges in bridge designs and maintenance
for future problems




Other bridges
Nordbanen — a case story

Pedestrian tunnels

e Prefabricated tunnels
Track closed for 5 days

e Path closed to 10 days

i 26
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Other bridges
Nordbanen — a case story

Hellerupvej

 Replacement of two steel bridges
Bridges to be replaced using the track

« (Geometric obstacles made it impossible to install the bridges from
the road

 Road only closed for 10 days: removal of old bridge, strengthening
of abutments, installment of new bridges

old New

= 27
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Design
Advanced repair methods

Chipping with water:

* Chipping with water is an integrated part of repair works
(takes care of the environment)

 Robot controlled under complicated conditions
Cathodic protection

e Often the only realistic repair method on concrete in water

i 28
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Design
Use of robot inside a concrete girder

e Limited space (1,4 m X 1,4 m)

Langeland Bridge, Denmark
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Design for maintenance

e Structures are designed to the
limit. This result in lack of
cross section when to be
repaired

e Sometimes impossible to
unload the structure during
repair. This means restrictions
to traffic during repair.

Svendborgsund Bridge, Denmark

# 30
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Future challenges
The Messina Bridge

Girder movements at bridge end Free system
sLs1 +- (m) 4.9
SLS2 +- (M) 5.9
ULS +/- (m) 6.7

Accumulated yearly
movements

m >100.000

m 31
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Kolomoen bridge — a “full-rigger”

on the E6 motorway

The Norwegian Public Roads Administration (NPRA) is widening
the existing European Route E6 from two to four lanes over the
stretch from Oslo’s main airport, Gardermoen, and north to Lille-
hammer, the city that hosted the Winter Olympics in 1994. This is
the principal road into Norway from the south and Europe, passing
through Norway's capital city of Oslo and northwards to the cen-
tral and northern parts of the country. The new motorway runs
through unvarying, flat, spruce and pine forests, but also rich
agricultural country. It includes views of spectacular mountain
formations with massive boulders, and on several stretches there
is a panoramic view of Norway’s largest lake, Mjosa, which it
crosses twice. The road is about 150 km long, and the budget is
EUR 1.4 billion.

In the middle of the stretch there is a major intersection offering
a choice between Norway'’s two biggest valleys, Gudbrandsdalen
and Osterdalen. And here, at this remote site, stands Kolomoen
Bridge, deep within dense evergreen forest but visible from afar
in three directions via the road corridors through the forest (Fig. 1).
At the bridge, the landscape opens up into a wide clearing with the
bridge as the dominant sculptural form in the centre, surrounded
by the geometrical layout of the exit roads which form distinctive
shapes in the terrain. In the past this intersection was so poorly
marked that many vehicles heading for Osterdalen drove past
without noticing that there was an exit! The bridge comes as a
complete surprise to motorists, and proceeding along the wrong
road is now hopefully a thing of the past (Fig. 2).

Fig. 1. Aerial photo of the intersection

Fig. 2. The bridge seen from south

1 Aesthetic guidelines for motorways
1.1 Aesthetic experiences for motorists

The project management for this stretch of road has devised
strategies for providing an aesthetic experience quite diffe-
rent from other, similar road projects both in Norway and
abroad. At intervals along the road there will be visual sti-
muli to make the stretch more interesting for motorists.
The intention is that they will experience something ap-
proximately every three minutes. There is a psychological
basis for this interval, which is about the length of most
popular melodies and the intervals in classical music. Ex-
perience shows that these visual “refreshments” help to
keep drivers more focused, and reduce the risk of them
falling asleep at the wheel. The result will be a reduction in
the number of accidents, which justifies the necessary in-
vestment in aesthetic experiences.

Other important aesthetic devices are:
- Bridges and structures are ranked in a hierarchy ac-
cording to their function and significance, to offer legibi-
lity and a recognition effect to drivers. Some bridges and
structures are accentuated as special highlights.
- The use and amount of road equipment and installa-
tions must be reduced to a minimum so that motorists are
not bombarded with confusing instructions.
- The manner in which materials are used in essential road
equipment must diminish the dominant effect of the equip-
ment. Cor-Ten steel (weathering steel) has been selected for
all road equipment in this project, e.g. guard rails, sign-
posts, toll stations, etc.

© Ernst & Sohn Verlag fiir Architektur und technische Wissenschaften GmbH & Co. KG, Berlin - Steel Construction 2 (2009), No. H 1

Articles .



T. A. Stensby/C. Hansvold/M. Lavseth - Kolomoen bridge — a “full-rigger” on the E6 motorway

- In Norway it is usual to have continuous full lighting
along main roads with heavy traffic. In order to curb what
many would call light pollution, this project has chosen a
lead-in lighting system based on low-energy LED techno-
logy. The lead-in lights are placed in the central reservation
and the effect can be compared to airports and landing in
the dark.

- The new road is to lie level with the surrounding ter-
rain, and not sunken, so that the horizon provides an ex-
perience for drivers.

- Focusing the panoramas from the motorway on special
landscape experiences.

- Deliberate design of the side areas of the motorway
without ditches and safety zones to eliminate the need for
side guard rails.

- Creation of green shoulders and green central reserva-
tions for the motorway.

1.2 Layout guidelines

The project was organized with a team of experts to handle
and influence all planning for the project as a whole. The
construction was then divided into smaller sections which
were given separate “project owner” organizations.

The Norwegian Public Roads Administration (NPRA)
has a central team of experts for the whole project which
ensures consistent thinking and choice of solutions and
equipment. In addition to technical skills of various kinds,
this supervisory team also possesses landscaping and archi-
tectural expertise. There are also contracted architects who
focus on selected elements such as bridges, rest areas, etc.

Work on layout guidelines to govern all further plan-
ning started early in the planning phase. They were revised
and gradually refined far more than the initial version,
reclassified with a higher status as a “manual” status. No
deviations from this manual are accepted, e.g. for financial
reasons.

2 Technological innovations for motorways

The planning of such a comprehensive road project pre-
sented challenges that resulted in a number of technical
innovations for this project, for bridge structures and road
planning in Norway. This was due to the vision and crea-
tive leadership of Jorn Reinsborg, civil engineer and origi-
nal project manager, together with a highly qualified team
of engineers, architects and landscape architects. This team
has gradually developed into a professional think-tank for
innovative road planning.

2.1 Cor-Ten steel in road equipment

Cor-Ten (weathering) steel was the material used for all
road equipment such as guard rails, signposts, game fen-
ces, etc (Fig. 3). This was important visually because the
dark rust colour virtually merges into the surroundings
and the landscape and causes the road equipment to va-
nish. A not insignificant environmental and maintenance
effect is also achieved when surface treatment and galva-
nizing are not required. As a result of the testing along this
stretch of road, weathering steel has now been chosen as a
standard for the entire project, and it has also inspired

2 Steel Construction 2 (2009), No. Il

Fig. 3. The road with guard rails in cor-ten steel

others to adopt it, e.g. on the E6 continuing northwards
through the Gudbrandsdalen Valley.

2.2 Lead-in lighting

Lead-in lighting has been used instead of full road lighting
along the motorway. This has resulted in a greater focus
on both light pollution and the environmental aspect in
the form of energy consumption. The outcome is a lower
lighting level. This motorway has been defined as a “four-
lane country road” with a lower traffic volume than, for ex-
ample, motorways near the city of Oslo. With a four-lane
motorway, the risk of head-on collisions is completely eli-
minated, and lead-in lighting is then regarded as adequate.

A concept has been developed involving low-energy
LED lights which are integrated into the central reserva-
tion guard rail, with lights every 40 m (Fig. 4). The lights
are always at a constant distance from the internal edge
line so that the motorist can ease into a comfortable dist-
ance from this lead-in line. The road is illuminated by the
car‘s own lights, which are also steadily improving, as ex-
emplified by bi-xenon lights. Each lead-in light has a power
of 1 W, and the saving compared with conventional road
lighting is about EUR 100 000 per 10 km per year. In ad-
dition, maintenance costs for masts and lamps are many
times higher for a conventional system. In view of the
harsh climate in which such an LED system has to func-
tion, priority has been given to the provision of extremely
robust, simple hardware.

Fig. 4. The road lighting
installation with LED
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2.3 Timber bridges with steel

The project team, in collaboration with architects and ex-
ternal engineers, have further developed the NPRA's al-
ready innovative timber bridge culture by stretching the
limits for the use of timber as a construction material for
bridges. The next building stages of the motorway involve
a series of spectacular timber truss bridges with spans of
up to 60 m in which all connectors, transitions, guard rails
and other equipment are of Cor-Ten steel — for the first
time on timber bridges.

3 Design of Kolomoen Bridge
3.1 Design development phase 1

The project design for this bridge and the overall aesthetic

vision for the entire stretch were initiated by the original
project manager, Jorn Reinsborg. Reinsborg gathered his

Fig. 5. The architect‘s last main sketch of bridge

Fig. 6. The architect‘s studies of tower alternatives

team togetherwith a few external architects and bridge en-
gineers for a series of seminars at small mountain cabins
and hotels over a period of several years. Endless ideas
were debated for the entire stretch of road - for road pro-
files, the landscape, and last but not least the many bridges.
A large number of more or less serious road and bridge
concepts were sketched out — both at formal meetings and
late into the night! One evening, purely by chance, the first
sketches for Kolomoen Bridge were drawn on a table nap-
kin. “Great”, said Reinsborg intuitively, “this is something
for us to work on!”

The chaotic tangle of cables and timber masts in this
first sketch quickly resulted in the working title “the full-
rigger” (Fig. 5), prompted by the many wooden masts,
booms and criss-crossing ropes of great sailing ships. This
rhetorical name has since provided the aesthetic guide-
lines for the project despite subsequent reworking in steel.
The final bridge design would have been different had this
working title not clung to it.

3.2 Design development phase 2

After the joint seminars in the first round, the bridge de-
sign was developed into a conceptual project by the archi-
tect on the basis of advice on general principles from bridge
constructors. It was soon discovered that the towers could
not be built in timber because the forces and stresses were
too great. It subsequently proved difficult to use steel in
the bridge deck as this would have meant raising the road-
way by a metre and rearranging the incoming slip roads in
several directions, and so this option was excluded. The
towers were the strongest visual elements, and a number of
options were considered, as shown in (Fig. 6). The option
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that was selected, with trusses, yielded the desired inten-
sity, distinctiveness and adequate dominance when viewed
from a distance.

The sketches show the conceptual design that was
sent out as the basis for tenders from bridge designers. As
can be seen, the technical problems to be solved were
highly challenging, and this was a deliberate move on the
part of the project manager (Fig. 7). The special design of
Kolomoen Bridge is an attempt to stretch the traditional

Fig. 7. The architect‘s sketch of tower

Fig. 8. The towers seen from the bridge
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premises for cable-stayed bridges; the towers are inclined 4°
in two directions, the cables follow the curve of the main
span but are fairly chaotic behind (Fig. 8). The towers are
not connected at the top, and the counterweights are asym-
metrical in relation to the sides of the tower (Fig. 9). Kolo-
moen Bridge was intended to stretch the technical limits.

3.3 Design development phase 3

Carl Hansvold, an engineer at Johs Holt AS, was nominated
as chief designer. Hansvold immediately recognized the
great challenges posed by the design and the need to make
some simplifications. The cables could not be crossed as
often as had been proposed and the connections at the
top of the towers would have to be traditional lug-shaped
plates instead of the connection anchorages as shown on
the architect‘s sketch (Fig. 10). Apart from this, the archi-
tectural intentions were followed in all respects.

3.4 Colour

In choosing the colour of the bridge, emphasis was placed
on the different seasons and how the bridge would be ex-

Fig. 9. The towers seen from a sideroad

Fig. 10. The towers and the
cables

Fig. 11. The tower‘s reaching
the sky
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perienced in the dark. Different types of weather were also
considered in relation to colour. During the Nordic winter
everything is bluish white, and in summer the colours are
sharply focused and green. The artificial lighting to be
used at night is bluish. Certain colours also blend better
with steel emotionally, as we perceive it. Grey, white and
blue turned out to be good choices. The bridge would have
to be light in colour so that the shadows would enhance
the experience of the tubular shapes. The stays must also be
visible against the bright sky (Fig. 11). After some testing,
the bridge became bluish white because this resulted in the
best colour in artificial lighting and in winter. This colour
also functioned best in relation to the other parameters
mentioned.

3.5 Parapets and guard rails

The parapets and guard rails on the bridge are of Cor-Ten
steel, like similar structures on this stretch of road.

Fig. 12. The engineer‘s plan and elevation

4 Challenges posed by the design of the bridge

Kolomoen Bridge is a cable-stayed bridge with a total length
of 70 m and width of 13.32 m (Fig. 12). It crosses the E6
motorway and carries two lanes of traffic.

The bridge cross-section is made up of two longitudi-
nal edge beams with a depth of 800 mm and cross-beams
every 7.5 m. The top slab is 300 mm thick (Fig. 13). Light-
weight aggregate (LWA) concrete with a design strength of
24 MPa and density of 18 kN/m?> was selected in order to
minimize the self-weight of the bridge superstructure. Con-
ventional reinforcement is used, except for the cross-beams,
which are post-tensioned. The wearing surface consists of
a 100 mm thick layer of asphalt.

The steel towers consist of a lower tubular truss
connected to a cylindrical upper part housing the stay an-
chorages. The steel grade is generally S355. The towers,
resting on bearings that allow free rotation in all direc-
tions, are inclined 4° in both the longitudinal and trans-
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gonals are &168.3 x 9.52 mm, grade API 5L. The top part
of each tower consists of an approx. 5 m long cylindrical
plate section, grade P355NL2, with a diameter of 1000 mm,
thickness of 30 mm. Stay connection plates 80 mm thick
were welded to the cylinders (Fig. 14).

About 2800 hours were required for fabrication. The
towers were transported over long distances from plant to
plant for surface treatment, and finally by night with a
police escort to the construction site. The towers were un-
loaded and lifted from the vehicle with two cranes. Main
erection was carried out with a crane and each tower was
lowered down onto its bearing. The rotation tolerance was
0.1°. The towers were stabilized with temporary backstays
and positioned according to the coordinate position. The
tolerance of the tower-top inner swing was 60 mm back-
wards and 5 mm transversely outwards. The outer swing
of the tower top was 65 mm backwards and 0 mm trans-
verse. This was particularly important for the fitting of the
permanent stays (Fig. 15).

Fig. 13. The engineer‘s cross-section drawing

verse direction. The stability of the towers and the stay sys-
tem is ensured by double cross-stays connecting the top of
each tower to the counterweight anchor beam on the op-
posite side.

The stays consist of galvanized and painted Macalloy
S§520 bars varying in diameter from 75 to 100 mm. The
stays were tested in accordance with the FIB Recommen-
dations “Acceptance of stay cable systems using prestres-
sing steels”. The front stays are anchored at equidistant in-
tervals of 7.5 m along the edge beams and the outer five
back stays are anchored to a heavy concrete beam which
provides the necessary balance to the bridge system. The
structure has been designed to tolerate the accidental loss
of any stay under full traffic load without structural insta-
bility or inelastic deformations.

The soil conditions vary considerably along the bridge
axis. The abutment on grid 1 is founded on solid rock,
whereas the other foundations are founded on steel core
piles with a diameter of 150 mm.

Fig. 14. The towers seen from the road guardrails

5 Building the bridge

The two bridge towers are tubular trusses with a triangular
configuration and cylindrical upper parts. The dimensions
vary with the height as shown in Fig. 13. They weigh about
35t each and have a height of 31 m. The width in the
middle is 2.9 m. The main tubes in the trusses have dimen-
sions of & 406.4 x 25 mm, grade S355 NL. The truss dia-  Fig. 15. Photo from the air of the bridge and the road
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Special features worth mentioning are the stringent
welding requirements with upgraded Welding Procedure
Qualification Record (WPQR) and very tight tolerances.
The tolerance for the stay connection plates at the top of
each tower was 0.5°. In other respects, all work was in ac-
cordance with NPRA'‘s “General Specifications 2 - Princi-
pal Process 8 with Extended Inspection”.

Despite the fairly demanding fabrication and assem-
bly, execution has been exemplary.

6 Tenders and costs

The bridge is part of the contract for the construction sec-
tion Skaberud-Kolomoen, which is approximately 12 km
long. H hre Entreprener AS was the main contractor for
this section with a contract sum of approx. EUR 60 mil-
lion. Kolomoen Bridge was built at a cost of nearly EUR
4 million.

7 Procedure and design

Kolomoen Bridge is architecture with a deliberate design
irrationality because the bridge is intended to challenge
and be seen. The process started with the aesthetic premi-
ses instead of a structural approach as in the design deve-
lopment of a building’s architecture, where the design is
based on the aesthetic premises rather than on the ob-
vious structural premises. Such an attitude may be unex-
pected in the light of bridge design traditions, but in this

case has resulted in an icon for the entire stretch of the
motorway and the county.

Engineering team:

Project Managers: Jorn Reinsborg, civil engineer (original
project manager), and Taale Stensbye, civil engineer (cur-
rent project manager), NPRA

Site Manager: Terje Halbakken, senior engineer, NPRA
Responsible for bridge and all other structures in the pro-
ject: Trond Arne Stensby, senior engineer, NPRA

Bridge consultant: Johs. Holt AS, represented by Carl Hans-
vold, civil engineer

Design coordinator for whole project: Yngve Aartun, archi-
tect, Plan Arkitekter AS

Bridge architect: Morten Lovseth

Contractors:
Main contractor: Heehre Entreprenor
Steel subcontractors: Contiga AS, Spennteknikk AS

Keywords: road bridge; cor-ten steel; cable-stayed bridge

Authors:
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all other constructions in the project

Carl Hansvold, civil engineer, senior structural engineer, Johs. Holt AS,
consulting engineers

Morten Lovseth, architect, architect for the bridge, Moe & Lavseth AS,
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Steel Construction 2 (2009), No. Il 7




NY E6 OG KOLOMOEN BRU

STREKNING GARDERMOEN LILLEHAMMER

Foredrag:

Trond Arne Stensby
Morten Lavseth
Carl Hansvold




FORMINGSVEILEDER



VEGUTSTYR OG INSTALLASJONER



Cor-ten stal i utstyr










BELYSNING



il':ﬂ.;_;; -

LED belysning






TREBRUER E6 EIDSVOLL













Prosess: Den fgrste skisse og brotarn i treverk
Arbeidstittel: Fullrigger

Radgivere konstruksjoner: Bjarn Vik og Hilde Ranem Isaksen
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Forprosjekt-tegning fra arkitekt i samarbeid Johs Holt ved Hansvold



Alternative tarn: Studier
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LIKEVEKT TARNTOPP

HORISONTALKOMPONENTER:
FRA STAGKREFTER

— FRA AKSIALKRAFT | TARN



BRUOVERBYGNING:

DGVRIG:
Armering:

Stal tarn:
Spennarmering:
Spennstenger:
Skrastag:

MATERIALER

Lettbetong LB 45, densitet~1800kg/m3
Betong B45 SV40

B500 NC

S355 N(NL)

CONA CMI 19 og 31 liner

Macalloy 1030 (232 og 236)

Macalloy 520 (M76-M100)



Lettbetong LB45 — Betongsammensetning

Silika Fesil
Anleggsement

Vann
Dynamon SP-N
Scancem VMA

Mapeair 25

0-10mm grovsand
STALITE %2 " lettklinker

Kg/m3

36,90
424,35

175,00
4,68
4,00

1,85

588,72
561,53

Prosent Virkningsfaktor

8,00 2

92,00 1
100,00

1

1

0,40 1
38,00
62,00





















TRINN 1:
LANDKAR AKSE 1, TARNFUNDAMENT, BALLASTBJELKE OG
BRUOVERBYGNING BYGGES PA FAST STILLAS.

TRINN 2:

TARN MONTERES OG AVSTAGES

/1% PROVISORISK. STGRSTE

"' TILLATTE AVVIK FRA TEORETISK
TARNAKSE ETTER AT TARN ER
MONTERT PA PERMANENTE
TARNLAGRE: 300mm MALT |
TARNTOPP.

%:,__alh
]




TRINN 3:
* MONTERING OG OPPSPENNING AV STAGPLAN | INNERSVING TIL S =400 kN
* MONTERING OG OPPSPENNING AV STAGPLAN | YTTERSVING TIL S =400 kN



TRINN 4:

* OPPSPENNING STAGPLAN | INNERSVING TIL TEORETISK KRAFT
* OPPSPENNING STAGPLAN | YTTERSVING TIL TEORETISK KRAFT
* RIVING AV STILLAS



TRINN 5:

* KONTROLL OG EVT. ETTERJUSTERING INNERSVING
* KONTROLL OG EVT. ETTERJUSTERING YTTERSVING
(KUN STIKKPR@VER UTFZRT FOR YTTERSVING)
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Current road project: 21100 TRONDHEIMSVEGEN

G Skréningskontur rett nord for brua

_____A
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Profilnr 6

O Skraningskontur rett sar for brua
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Steinsatt r
A
—
¢ Fv501
250
J— 2902 K Z,.; 3000 3000 L 612
w»
" 85 mm SLITELAG
) 15 mm TOPEKA i
Ji> il
1/ 2.0% . )
! 2.0% . W2
[ =
[=]
(=]
L ey
4 STK. LIMTRE 119x400
57 STK. LIMTRE 119x800
TVERRBARER AV LIMTRE BxH=600 x500mm
PENDELS@YLER AV LIMTRE
B x H=600mm x 600mm
SNITTB-B
1:50

HENVISNINGER:
PLAN 0G PROFIL: LINJE 21100 D007

ANMERKNINGER:

1. PROSJEKTERINGSGRUNNLAG:
PROSJEKTERINGSREGLER:
- STATENS VEGVESENS HANDBOK 026 PROSESSKODE 2,
VERSJON NOVEMBER 2007
- STATENS VEGVESENS HANDBOK 185
PROSJEKTERINGSREGLER FOR BRUER. HARINGSUTGAVE
DATERT 28.05.2006
TILHORENDE NORSKE STANDARDER
LASTFORSKRIFTER
- STATENS VEGVESENS HANDBOK 185
PROSJEKTERINGSREGLER FOR BRUER. HORINGSUTGAVE
DATERT 28.05.2006
BELEGNING:
- BELEGNINGSKLASSE A3 IHT STATENS VEGVESENS
HANDBOK 145 (HORINGSUTGAVE 2006) ASFALTSLITELAG
MED FULL FUKTISOLERING
- DIMENSJONERENDE BELEGNINGSVEKT: 3.0 kN/m?
UTF@RELSE | SAMSVAR MED PROSESSKQDE 2
KONTROLLKLASSE - UTVIDET KONTROLL, NS3465
VEGTYPE H2, ADT 2750, FARTSGRENSE 80 km/t

ALLE MAL | mm. ALLE KOTER I m.
BETONG: B45 SV-40, PROSESSKODE 2 (2007)

X N FwN

ARMERING: B 500 NC, NS3576, DEL 3
STAL:
- GENERELL STALKVALITET: $355 N iht NS-EN 10025-3
- GENERELL BOLTEKVALITET: 8.8
- HVIS IKKE ANNET ER OPPGITT SKAL ALT STAL V/RE
VARMFORSINKET
LIMTRE:
- BRUDEKKE: GL36c (L40)

- SO@YLER 0G TVERRBARERE: GL36¢ (L40)

®

FUNDAMENTERING PA KOMPRIMERT SPRENGSTEINSFYLLING. DET
LEGGES 1m TYKKE LAG MED MAKS STEINSTARRELSE 60 cm OG HVERT

LAG KOMPRIMERES MED 7 TONN VALS 0G 6 OVERFARTER.

®

PLASTRING | REGNSKYGGE AV BRUA. AVSLUTTES MQOT SIDENE MED
STEINSATT RENNE 1m BRED SENTRERT OM FORLENGELSEN AV
VINGEMURENS YTTERKANT.
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Profil

Horisontalkurvatur R=w (‘ﬁ
Vertikalkurvatur Fall 4,5%  R= 1340 (Overhsyde brul Ecgfeufffsla ﬂ&f ‘ ﬂ&f Eesfeurffesla
Profilhpyde akse 1:197,291 Profilhgyde akse 2:195,568 9 %I \ J
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||

Tett skjerm (polykarbonat)

Stettestag

Feringsbredde 3933

43 mm slitelag

Kobberbeslag /’ 4009
12 mm TOPEKA 45

0%\ Kobberbeslag
undergurt

undergurt

OK ve r
% 37 stk limtre 119x333

Snitt B-B, 1:50

- = = =

Antatt fjell

Fjell kt.189,47

Kt. 187

Oppriss A-A, 1:100

7 Merk.:
5/ —_
Y/ iekteri .
(S Lastbestemmelser og prosjekteringsregler:
Statens vegvesens handbok nr. 185, Pros jekteringsregler
for bruer. Heringsutgave datert 28.05.2006.
Maks. belegningsvekt 2,0 kN/m2 (80mm)
Utferes i samsvar med prosesskode 2, hovedprosess 8

= — Pr. 12670
Kontrollklasse - utvidet
‘ Fundamentering: P3 fast fjell
I Opplagring fagverk:
Akse 1: Ensidige bevegelige glidelagre
Rekkverk feres inn 4“- befelt Akee 2: Fasflag e gelige guderag
mot fjellskjzringene Fiellsk jzhin | J ’ 9
\ | ‘ B l/l Limtre:
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Lo iy i
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T T HH i1 T 1 T — T Hvis ikke annet er oppgitt skal alt stal vere varmforsinket.
f—_——— e — S - —— [ e - —— - —— - —— i - [ —— [ - A4 - "_"?_‘"_”} } ——— - . 5
Lo [T 1 | i L1 717274‘77‘*77777774 De deler / overflater som skal stgpes inn pafares epoxy som sandstres.
= =1 V %R 4 F
|
T A
Rekkverk- fares inn Aijﬂhbir_m_g_/ ’
mof fjellskjaringene L | A Plan, 1:100 | ]
|
‘ Revisjon| Revis jonen gjelder Utarb Kontr | Godkjent | Rev.dato
| R
: Tegningsdato 01.05.2009
| T‘EF Bestiller Nils Lysbakken
Statens vegvesen Produsert for Region gst
L | N E6 HP:13 Mogreina ser - Boksrud x181 Produsert av Cowl
Parsell DalfBok'srud CD“]I
K110 Blakkisrud bru PROF-nommer 02E00065_101
| Oversikt Arkivnummer -
Byggverksnunmer | 02-1790
KONKURRANSEGRUNNLAG M3lestokk A1 Som vist
Utarbeidef av___ | Konfrollerf av___| Godkjent av [ Konsulentarkiv Tegningsnummer/
FRB [ Mk [ BJAK [ 121842 roisonsnansty | K110-01




PROFILNUMMER 10 20 30 40 50 60 70
PROFILH@YDE 219,69 219,32 218,88 218,37 217,79 217,13 216,41
TERRENGH@YDE 217,46 217,02 210,31 210,41 210,78 216,75 216,23
VERTIKALKURVE R=00 | R = 1400
HORISONTALKURVE R =0 R = 20|
® @ ®
48600
4163 44437
6600 T 6800 T 7300 T 7300 T 7300 T 7300 T 6000
I ! e —
— |
/ \ — PR. 48,414
2 —— H = 218322
M.0.H. / \ / —— !
/ AN / \\ * S
—_t2___ = i I T \NI// \ \ / \ - e
= o} KoloRNoloN| uxe:-m =\ < N \ — — Loy &m\g@ﬁ mAV REKKVERK
— \‘I ‘72 / p / ~ \
. PRSI SR VS ‘ ' = S
6004-6006 *§: = - ;/ — T 7 I-:::—i::\?* T _ o
g S TERRENG 40016003 N/ < o ! “ \
6007-6009  / — - 1 “
NYTT TERRENG E ‘ e 1'1 i \ﬁl
' ) = = = - L L
TBRMUR M/ MATURSTEIN 101 ‘ é 2 KJBREFELT | HVER RETNING § x j\m,m; } f |
I 1 L
HELLNING 21 35+35+3,0 +35+35 ‘ S \ <0 BN I I :
HYLLE FOR FUNDAMENT EKS. TERRENG P
210 0G FJELLKVALITET SKAL FORSKTIG SPRENGNNG ‘
INSPISERES ETTER SPRENGING KONTURSPRENGNING NYTT TERRENG
0G RENSK TETT BORNG OPPRISS ALTERNATIVT NYTT TERRENG
W HT SKRANNGSUTSLAG | T_GEOM
iy ! ! ‘
/ | |
/ | | | i
— ! | ri 5
| |
1
; | ‘
Y | '
_ / v ||
// | < |
| 2l
® @ [~ |1 | T uE
i |
] | 4840 |
———1a | | I 44437 |
/ | |
| ! |
// |
‘"l | | I
\\ | N 1] i == ! O i i
T — H H:\u H] HI [Hi| i
| i ] I | il 1 I
| o i N il i | i
1 g ih ol | 1 1 I
-3 : e i o —H
I o i il L il i
| i ih b i | i
Glo——— ), H] [HI | Hi Iy !
= ﬁ T T L JLIA m
I [ [ 0 I i A 0 | A
| T \\ I |
| \ |
| ) z || |
| \ L I
_ \ [l
\ = | |
- \ [0 |
I \ Ll A L i L — |
\ 5 | |
A '
™~ \\ (&) | |
\\\ | |
2 o |
| l |
L I _ : I L
Co |
! ! .
PLAN
1:125 HENVISNINGER:

PLAN 0G PROFIL 9250 - 10000
LENGDEPROFIL FJELL-LEET BRU

TEGN. C009
TEGN. D007

£
VEG

27170 27170

STALSTOLPER cc 2000 mm
INNFESTET | DEKKEKANTEN

1847 1847

I
MEMBRAN/ASFALT 50mm

PR
TiL

TVERRBARER HEA 400 35 STKI|LIMTRE 119x333

SNITT
150

ANMERKNINGER:

1 mm KOBBERBESLAG

GURTER 0G PA

STAVER | HENHOLD

TEGN k060-11

SPENNSTAG TYPE DYWIDAG 20F
CC VARERER SE TEGN K060-12

1. VEGTYPE PRIVAT, ADT <100, FARTSGRENSE 50 km/t

2. PROSJEKTERINGSGRUNNLAG:

- STATENS VEGVESENS HANDBOK 026 PROSESSKODE 2, VERSJON

NOVEMBER 2007.

- STATENS VEGVESENS HANDBOK 185 PROSJEKTERINGSREGLER FOR
BRUER. HARINGSUTGAVE DATERT 28.05.2006
- TILHGRENDE NORSKE OG INTERNASJONALE STANDARDER

LASTFORSKRIFTER:

- STATENS VEGVESENS HANDBOK 185 PROSJEKTERINGSREGLER FOR

BRUER (HBRINGSUTGAVE 2006)
BELEGNING:

- BELEGNINGSKLASSE A3 IHT HANDBOK 185 (HZRINGSUTGAVE 2006)
ASFALTSLITELAG MED FULL FUKTISOLERING

- DIMENSJONERENDE BELEGNINGSVEKT :

2,0 kN/m2

3. UTFBRELSE | SAMSVAR MED PROSESSKODE 2 (2007)

4. KONTROLLKLASSE - UTVIDET KONTROLL, NS 3465

5. BETONG: B45 SV-40, PROSESSKODE 2 (200%)

6. ARMERING: B500 NC, NS3576, DEL 3

7. STAL: S355 N, NS-EN 10025-3

8. LIMTRE: GL36c (L40)

9. FUNDAMENTERING: AKSE 1 0G 3 PA GRUSPUTE PA BERG

AKSE 2 PA BERG
10. ALLE MAL | mm. ALLE KOTER | m.
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(] Tegningsdata 01052009

Bestiler Nits Lysbakken
Statens vegvesen Produsert far Region est
E6 HP: 13 Mogreina s - Boksrud X181 Produsert av SWECO
Parsell  Dal - Boksrud SWECO %
FJELL-LEET BRU PROF-nummer 02e0006b_101
OVERSKT Arkivaummer

Byggverksnummer | 02-1786

KONKURRANSEGRUNNLAG Mlestokk A1 1125, 150
Utarbeidet av [ Kontrollert av [ Godkgent av  Konsuentarkiv T /
e e |K060-01)-




61400

4139

TRYKKSTAG

PROFILNUMMER 290 300 310 320 330 340 350
PROFILH@YDE 186,82 186,99 187,09 187,12 187,08 186,96 186,77
TERRENGH@YDE 182,69 180,13 179,64 179,68 179,56 182,03 182,03
VERTIKALKURVE R = 1400
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/_ & 3 b B
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EKS. TERRENG ‘—” VEG ENDELIG UTFORMING
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! T AL 7oAl ]
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DETAN BxH = 460x433

OBBER-

3250 3053

12 mm MEMBRAN TOPEKA 4 12 mm MEMBRAN TOPEKA 45

88 mm ASFALT TYPE SKA

SPENNSTAG cc 667 mm
TYPE DYWIDAG 20F

BESLAG

42400 |

22 STK LIMTRE 119x533 TVERRBARER /
55 STK LIMTRE 119x333
SNITT A-A
150
®

ANMERKNINGER:
VEGTYPE H, DIM. KL. H1, ADT 1400, FARTSGRENSE 80 km/t
2. PROSJEKTERINGSGRUNNLAG:

- STATENS VEGVESENS HANDBOK 026 PROSESSKODE 2, VERSJON

NOVEMBER 2007.

- STATENS VEGVESENS HANDBOK 185 PROSJEKTERINGSREGLER FOR

BRUER. HORINGSUTGAVE DATERT 28.05.2006

- TILHGRENDE NORSKE OG INTERNASJONALE STANDARDER

LASTFORSKRIFTER:

- STATENS VEGVESENS HANDBOK 185 PROSJEKTERINGSREGLER FOR

| ! 7 BRUER (HBRINGSUTGAVE 2006)
: " HE VT N LD BELEGNING:
F 1 L o
i | I N W - BELEGNINGSKLASSE A3 IHT HANDBOK 185 (H@RINGSUTGAVE 2006)
I | a \ 1
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il | / 2 | .
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it | X i
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