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Apresentador
Notas de apresentação
Not many new roads, structures in Germany

Management of exiting assets important
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Reliable Road Infrastructure is a necessary Condition
for sustainable Mobility and contributes to

economic Growth and Quality of Life.
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Apresentador
Notas de apresentação
We do not design and build infrastructure to have nice infrastructure. 
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Apresentador
Notas de apresentação
When it comes to decisions from owner and operator side a lot of different boundarx conditions have to be considered.


Germany - Changes in Traffic Demand

1950 1985 until today

> Traffic increase

» Changing requirements for road infrastructure

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 5/96



Federal Roads in Germany
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Bridges:
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Outline

> Challenges
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Traffic Prognosis for Germany

_Freight Traffic il 3 8 %

2010 2030 [Tonnenkilometer]

_Passenger Traffic + 1 3 %

2010 2030  [Personenkilometer]

Quelle: www.bmvi.de
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Apresentador
Notas de apresentação
Moderate growth for passenger traffic, which should not be relevant for our bridges.

A diferent situation for freight transport with an increase of about 38%.

Nächste Folie





Germany - Traffic Prognosis 2030 (Freight Traffic)

+43%

+39%

(o)
elsllii [ 4 +23 /0
2030

(c) 2014 Bundesministerium fur Verkehr und digitale Infrastruktur

Quelle: www.bmvi.de
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Apresentador
Notas de apresentação
Here a picture with different traffic modes. 

For rail the most significant increase with about 43% ca be expected. However, the situation is not much better for roads with +38%. The scenarios are rail-friendly. Therefore, in my opinion the increase for raods will be even more severe than shown here.


Nächste Folie


Bridges on Federal Roads
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J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 10/96


Apresentador
Notas de apresentação
This is our bridge stock for Federal Roads.

Zahlen erläutern

Steel is only 6%. However, these are the really large bridges 


Bridges on Federal Roads — Age Distribution
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Apresentador
Notas de apresentação
This is the age distribution of our bridges on Federal Roads. Two peaks; reunification and 70s -80s.

About 60% of our bridge deck area have been built before 1985; and this is the topic of Aging Infrastructure and has to be considered in the bridge management processes. I will come back to this topic


Nächste Folie



Bridges on Federal Roads — Bridges Classes
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Apresentador
Notas de apresentação
This slide shows Bridge Classes. Bridge classes have been defined in our National Standards. With the introduction of Eurocodes these classes do not longer exist in Germay. However, this slide corresponds with the slide before. Again 60 of our bridges have abridge class less than 60



Nächste Folie
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Bridges on Federal Roads — Condition Rating
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Apresentador
Notas de apresentação
Not enough bad news; here is more. This is the development of the condition of our bridges. In fact, these are the results of bridges inspections according to out National Standard.

What you can see here, is that we have less very good and good bridges (1.0 – 1.9) and more not so good bridges (2.0-2.9). This means that we have probably not done enough for the maintenance of existing bridges. The only good news here is that we do not have an increase for very poor bridges (3.5-4.0).


Nächste Folie  
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Possible Deficits of Bridges

Bridge type Construction

1953 - 1979
multi span prestressed 1979 - 1995
p
> 1995 - 2001
|\
4
> since 2001
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Deficits

linear temperature difference not
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coupling joints

shear resistance
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reinforcement

— N J J

stress corrosion cracking

stress corrosion cracking
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considered did not reach DIN FB
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Sachstand Verstarkungsverfahren — Verstarken von Betonbriicken im Bestand, Bericht der Bundesanstalt fur StraRenwesen, Heft B 75
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Apresentador
Notas de apresentação
When we talk about existing bridges and about the performance of these bridges we always have to consider the guidelines and standards that have been used for the design of these bridges. And these guidelines have been further improved over time.

On this slide you can see possible deficits of existing bridges. This is an example for multi-span, prestressed concrete bridges. On the right side of the slide you can see the possible deficits for different time periods of construction.

This is very important when it comes to the assessment of existing structures. I will come back to this topic.


Challenges for Owners and Operators

Traffic demand — traffic prognosis § Tt

Load bearing capacity and condition e e

Maintenance under traffic

Limited resources

Extreme weather (Climate Change) - Gesamtgewicht

vV V ¥V V V V

Large accidents, criminal and/or terrorist activities

il | H

Owners and Operators have to make sure that their
assets are available, durable, secure and safe!
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Apresentador
Notas de apresentação
This is a summary on the challenges for owners and operators.


Outline

> Management
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Apresentador
Notas de apresentação
So let’s see what we can do regarding the management of road infrastructure to meet these challenges. 


Management of (aging) Infrastructure
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Apresentador
Notas de apresentação
What is infrastructure management about? Infrastructure management has a lot of different aspects. However, the main aspect is to bring together the budget and infrastructure performance.  


Management of (aging) Infrastructure
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Apresentador
Notas de apresentação
So what would you like to know as an owner or operator of road infrastructure.




Management of (aging) Infrastructure

Scenarios:

I
Howmenitz_|

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 19/96


Apresentador
Notas de apresentação
Additionally, owners and operators need to be able to analyze various scenarios. On this slide the two most typical ones.

What will be the consequence if this amount of money is spent during a certain time period?
How much will I have to spend for achieving a certain performance of my assets?




Management of (aging) Infrastructure
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Apresentador
Notas de apresentação
So these are the main aspects of the bridge management sytem that has been developd for Federal Roads in Germany.

And one thing is very important. Bridge Management or Infrastructure management does not take any decisions. A bridge management system is and should always be in in our opinion a decision support system.


Management Circle

Inventory and
Inspection Data

Bridge
Management
System (BMS)

Specific
Assessments

Maintenance
Program

Inspection
(DIN 1076)

Planning of
Data Update Measures and
Design
\ Construction /
Process
If
necessary
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Apresentador
Notas de apresentação
So let‘s look at the management process a bit more in detail. This is what we call the „Management Circle“ with all its different steps and processe.

In the following part of my presentation we will look at “data” (inventory and inspection). Without reliable data there is not a chance for a successful infrastructure management.

Then I will explain our approach for bridge inspections and bridge assessments. 

Finally, I will try to explain the main aspects of our Bridge management System.
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Bridge Management — Standards/Guidelines

R

Inspection (2013)

Recording and assessment of
damages, condition assessment

Inventory
Guideline (2013)

Software (2013)
Inventory and inspection
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Apresentador
Notas de apresentação
When you start to think about bridge management you should be aware that a lot of data will be needed. This data must be available for all of your structures/elements. It must be reliable and it must be up to date.

Before we started to work on our bridge management system we have analyzed very carefully the data requirements for such a system. The main aspects are inventroy data which are more static condition data which are more dynamic.

On this slide you can see our guidelines which have been introduced by the Federal Ministry of Transport to make sure that a unified approach is being used for all structures on Federal Roads.

Additionally we have designed anr realised a software tool that is being used for inventory and inspection all structures on Federal Roads. 






Outline

> Management
= Inventory
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Apresentador
Notas de apresentação
So let‘s have a more closer look at our bridge inventory.
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Apresentador
Notas de apresentação
First of all it is very important to have a unique identifier for every infrastructure element. This si shown here on this slide. Our structures are divided into substructures. For example a bridge with two separated superstructures consists of at least two substructures. This makes it more easy for inventory and inspection.


Location - unique ldentifier

ESIB—BAU‘#EHKE Verwaltungsprogramm ¥ 1.6-B3.3 ORACLE M= =

Referat "Grundsatzfi
d:r:-:uwe:::e:haa;h;t:::fn SIB'BAUWE RKE Bauwerk

Bauwerksnummer 5136528 < frrrerrEE——i—_ _ Y
Bauwerksname BRUCKE UBER DIE A 4 BEI STADTRODA N
[Machstgelegener Ot BET STADTRODA w
Amt Autobahnamt
Interner Sartierschiissel 101490000 —
Tabelle

Gemarkung Stadtroda, stadt

Bauwerkslangen Bricke 5400 m ‘
Bemerkungen = e
El Léschen
3 Letzte Bearbeitung : pndem
| Fepmts 07.01.2002 10:24:02 Kopieren
: Bearbeiter : BwNr snd.
* BERCER Amt dndern

Zurilick
Anzahl Teilbauwerke

Bilder Teil-
bauwerke

Zeichnungen

Dokumente .
Ubersicht

Datenaktion
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Bridge Inventory

™51B-BAUWERKE Verwaltungsprogramm ¥ 1.6-R 3.3 ORACLE =] .

Referat "Grundsatzfi
d:r:.:uwe:::e:haa:ﬂ::gfn SIB'BAUWERKE

Bauwerksnummer 5136528 )] Interne Bwinr, A 4 17810

Guerschnitt Uberbau Zweistegiger Vollguerschnitt
Querschnitt HTragwerk Mit Querschnitt des Uberbaus identisch

Bauverfahren Uberbau Auf Traggerist hergestellt

Gesamtlange 54,00 m Faonstruktionshahe min. 0,25 m BV inkel 98,7 gon
Breite 11,75 m Faonstruktionshdhe max. 1,40 m Winkelrichtung Links
Briickenflache 635 m2 Langsneigung max. 3,2 0f  Lichte Weite bei Einfeld 0,00 m
Anzahl der Lberbauten 1 Stk Cluerneigung max. 2,50, Lichte Hihe 4,73 m
Fwischenrm. Uberbauten 0,00 m Uberschittungzhihe masx. 0,00 m
Gesamthreite 12,25 m Uherschittungsheahe min. 0,00 m Anzahl der Felder 2 Stk

Kaon. Maln. fur n. Werst. MNein
Krimmung Micht gekrimmt (R = 1500 m), nicht aufgeweitet
Bemerkungen zum Baugr. - Grundungssohle: 230,90 - 228 17 m dber MM
Bemerkungen ™

Letzte Bearbeitung 07 .01.2002 10:45:50 Bearheiter BERGER
Briickenseile, -kabel Gestaltung m
?::;f_as_::is;:::ti Fahrbahniibergangskonstrukt. Leitungen BST Beton
Abdichtungen Verfiillungen Risse Faldat BST Stahl
Griindungen Kappen Betonersatzsysteme Stlitzungen Holz, Stein,
Kunststoff
Vorspanhungen Schutzeinrichtungen 0S-System Beton
BST Verbun
Erd- und Felsanker Ausstattungen RHLOB (Diinnbhelige)

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 26/96


Apresentador
Notas de apresentação
This is a screen shot from the software tool. On this slide you can see the unique identifier with basic information. Most of these data refer to the geometry of this bridge.  

In the lower part of the screen you can find structural components.
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Layout of Inventory Database

Pavement, Safety barriers 13 structural components
Waterproofing layer :

P.n.,,n,

= Anchoring

» Cables
= Joints Caps Prestressing Bearings || Substructure
e Others (internal, external) (Supporting)

Foundation
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Apresentador
Notas de apresentação
In our inventory guideline we have specified 13 structural components. Some of these components are shown her on this slide.


Keywords and Coding

Bricke
balkenartige und plattenartige Tragwerke Bridge
Plattenbriicke Beam-/Slab Structure
Balkenbriicke / Mitteltriiger / Trapezplatte Slab bridge
A Beam bridge
Plattenbalken / Trigerrost : :
Hohlkastenbriicke > Box girder bridge

Balken/Platten-Mischsystem
rabmenartiges Tragwerk
offener Rahmen
geschlossener Rahmen
spezielle Rahmenkonstruktion
Trog-Haube-Konstruktion
Schrigstielrahmen
Rahmen-Mischsystem
bogenartiges Tragwerk / Gewdlbe
Bogen it aufgestinderter Fahrbahn
Bogen mmt abgehiingter Fahrbahn
Bogenscheiben
Gewolbe/Bogen
Gewdolbe/Bogen ohne Autbeton

Frame structure
open Frame
closed Frame
special Frame structure

02007 1000000000
020071 100000000
0200711 10000000
020071120000000
020071130000000

PI 020071 140000000

Gewolbe/Bogen mit Autbeton im Verbund
Gewilbe/Bogen mit Aufbeton ohne Verbund
Gewolbe/Bogen mit Lastverteillungsplatte
Rohr ohne Ummantelung

Rohr mit Ummantelung

Bogenmischsystem

020071 130000000
02007 1200000000
0200712 10000000
020071220000000
020071230000000
020071231000000
020071232000000
020071240000000
02007 1300000000
0200713 10000000
020071320000000
020071330000000
020071340000000
020071341000000
020071342000000
020071343000000
020071344000000
02007 1345000000
020071346000000
020071350000000
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Apresentador
Notas de apresentação
Another very important point is the coding of all information. Shown here for the example of bridge type.

We will not allow the users to enter text such as “Box girder bridge”. This type of bridge has a specific code that you can see on the right side. We have done this to make sure that we can use the inventory and inspection data in the bridge management process and to make our database more consistent.

Therefore, our system contains a lot of catalogues where almost every detail is coded.




- — -

Photos and Drawings

T SIB-BAUWERKE Verwaltungsprogramm ¥ 1.6-R3.3 ORACLE M=l B

Ref | ] dsatzfi .

d:r::uwe:::e:haalitrzgfn S I B 'BAUWE RKE ZelChIlUJlgeIl

Bauwerksnummer B1 36528 0 Interne Bwnr. A 4 17810
12.25

st 2.00 B.50 3.75

/3870 fur Telg

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 29/96


Apresentador
Notas de apresentação
And we can of course add drawings and photos to our inventory database. These information are not accessible for Bridge management. However, inspection engineers and maintenance planners very often need these information.
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Outline

> Management

= Inspection
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Apresentador
Notas de apresentação
The second very important aspect  for a successful bridge management is the inspection of bridges and other structures on a regular basis. The next slides give a short overview how we do this in Germany.


Bridge Inspection — DIN 1076

Visual Inspection
.

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 31/96


Apresentador
Notas de apresentação
Our inspection is in most cases a visual inspection and what is very important; inspections are to be carried out by bridge inspection negineers. A special certificate is required fot these engineers.


I [

Bridge Inspection — DIN 1076

» Major Inspection
Hands on visual inspection of all parts of a structure by engineers, every 6
years. Damage and condition assessment according to RI-EBW-PRUF. First major
Inspection before the structure is opened to traffic, second major inspection
before the end of the guarantee period

» Minor Inspection
Hands on visual inspection by engineers every 3 years after major inspection,
verification of major inspection results

» Ad-hoc Inspection
Engineers obtain in-depth view of particular damages or deterioration process
(accidents, flooding, ...)

» Inspection in accordance with regulatory requirements _
Machinery and electrical equipment forming part of highway structures, especially
moveable viewing facilities and gantries, are inspected with other regulations and
standards.

» Superficial inspection
Maintenance personal, no special knowledge on highway structures,
detection of major visible faults, checking the functionality quarterly basis
(visual), annual inspection (all accessible parts)

» Routine Monitoring
Ongoing observation of all highway structures with respect to their safety as part
of the superficial inspection of the highway
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Apresentador
Notas de apresentação
This slide gives more information n how often we carry out inspections and what types of inspections are carried out.




Inspection Equipment
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Apresentador
Notas de apresentação
This slide shows some of the tools that are being used for bridge inspections.


Inspection

|74

PRI e

"
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Apresentador
Notas de apresentação
And, very important because our inspections are hands on inspections we need access to each and every part of the bridge. For this purpose we use specific inspection devices as shown here.
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Inspection
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Apresentador
Notas de apresentação
Here more examples for access devices for bridges.
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Inspection
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Apresentador
Notas de apresentação
And more examples shown on this slide. As you can see these devices can be very complex and complicated. Therefore in most cases these devices are rented by the inspection teams (private or public).
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Inspection
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Apresentador
Notas de apresentação
What you can see here ist that bridge inspection is not something for everybody.


Rating of Damages

E SIB-BAUWERKE Yerwaltungsprogramm %
Referat "Grundsatzf] Schaden
der Bauwerkserhalt Bauwerkszustand
Bauwerksnummer 5136528 QO Interne Bwnr. A 4 1781U
Bawmverk 0,0,0 01H -—-—-- =] Briicke - Fahrbahnbelag - Walzasphalt - Gluerriss, Breite 4 mm - [=]
itberbau 0,0,1 01H --—-—-— durchgehend - Anzahl: 1 Stiick - hinten - S=1, WV=0, 0=2 - bei ca. 40 cm
iiherhau 0,0,2 01H ---- hinter Querfuge hinten; beginne Setzung im Hinterfilllungsbereich
iiberbau 0,0,2 O1H —--- (bis 1 cm) - Bild: GERISSENER BEWlAG BEI HINTERER GIUERFUGE.JPG
Unterbau 0,0,1 01H —-————
Unterbau 0,0,1 01H —-————
Unterbau 0,0,1 O01H —-———=
Therbau 0,0,1 0OdH -—----
Uherbau 0,0,1 0OIH ----
Uhexrbau 0,0,1 0O1H ----
iibherbau 0,0,1 0dH ———-
Unterbau 0,0,1 01H —-————
Eappe 0o,0,1 01H --—-—- Léschen
Kappe 0,0,0 0IH ---- -
Kappe 0,0,1 O1H ---- [1f  Andern
Kappe 0,0,1 0IH --—-—-
Kappe 0,0,1 0IH -—--—-—-
Schutzeinri 0,0,1 01H —-———= )
Schutzeinri 0,0,1 01H ---- Bild aus
Schutzeinri 0,0,1 01H —-————
Ausstattung 0,0,1 01H —-———— ”
Leitungen 0,0,2 01H
Belage 0,0,2 01H
Belage 0,0,2 01H
: 1,0,2
Belage 0,0,1 O01H —-————
Belage 0,0,2 01H —-————
Belage 0,0,1 O01H —-———=
Gelande 0,0,1 O01H -———= :J
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Apresentador
Notas de apresentação
This was some information how inspections are carried out. The next slides show what kind of data we record during inspections. 

First of all the challenge is to detect all the damages.  And again we will not allow the inspection engineer to put in text into our inspection software. We have a complete catalogue of damages that is to be used by the inspection engineer to record damages.


Rating of Damages

T 51B-BAUWERKE Verwaltungsprogramm ¥ 1.6-R3.3 ORACLE [_ O] <]

Referat "Grundsatzfr

der Bauwerkserhaltung" = Schadensbewertung

Bauwerksnummer 5136528 0O Interne Buwwnr. /.'FL 4 17810 \

[1] Bricke - [Z] Belage - Fahrbahn - [3] bitumin®ze Baustoffe - WalzaspHalt - [4] guer - = =1 mm - 4 m - [5] durchgehend - [6]
1 Stick - [9] hinten - [12] 5=1,%=0, D=2 - bei ca. 40 cm hinter Querfuge hinten; beainnende Setzung irg Hinterfullungshereich
(his 1 cm) - Bild: GERISSEMER BEELAG BEIHINTERER QUERFUGE PG

3

Standsicherheit des Bauteils ist beeintrachtigt, kein Einfluk auf Standsicherheit des Bauwerks. Schadensbgseitigung im Rahmen |~
der Bauwerksunterhaltung.

BELAGE SVYD |- 5 W D

Fahrbahn, Setzung der Fahrbahn im Hinterfilllungshereich {<= 2 cm) 010 Stand-\ Verkehrs- Dauer-

Fahrhahn, Setzungy der Fahrbahn im Hinterf?llungshere!ch (> 2 cm) 021 sicherheltsicherheit haftigkeit

Fahrbahn, Setzunyg der Fahrbahn im Hinterfiillungshereich (= 2 cmj) 010

, mit Beschilderung

Fahrbahn, Entwasserung nicht gewahrleistet, Aquaplaninggefahr 0zo

Fahrbahn, Spurrinnen / Verdriickungen, Tiefe < 1 cm 010 0 0 0

Fahrhahn, Spurrinnen / Verdriickungen, Tiefe 1 -3 cm ozo

Fahrhahn, Spurrinnen / Verdriickungen, Tiefe 1 -3 cm, mit o110

Beschilderung

Fahrbahn, Spurrinnen / Verdriickungen, Tiefe > 3 cm 031 1 1 1

Fahrbahn, Spurrinnen / Verdriickungen, Tiefe = 3 cm, mit 011 Speichern
Beschilderung

Fahrhahn, Blasen, Hohe <=2 cm od10 .
Fahrhahn, Blasen, Hohe 2 -5 cm 0z2o 2 2 2 Zurtick
Fahrbahn, Blasen, Hohe von 2 - 5 cm, mit Beschilderung o110

Fahrhahn, Blasen Hihe = 5 cm 031 Bei
Fahrbahn, Blasen Hiohe > 5 cm, mit Beschilderung 011 3 3 3 Einfacher
Fahrbahn, Blasen in Tunnel- und Trogstrecken (¥ = 1 3, siehe o 2 Priifung zu
vor) kontrollieren
Fahrhahn, Aushriiche, Tiefe <=2 cm 010

Fahrbahn, Aushriiche, Tiefe 2 -5 cm 020 4 4 4 NEIN
Fahrbahn, Ausbriiche, Tiefe von 2 - 5 cm, mit Beschilderung o10

Fahrhahn, Aushriiche Tiefe = 5 cm n31 -
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Apresentador
Notas de apresentação
After a specific damage has been identified and selected the rating can be done for this damage. Again, the system will propose a damage rating here. However, the inspection engineer is ableto chage this rating to a certain amount.


Damage Assessment — Stability

Damage Assessment “Structural Stability”

Assessment Description

b The defect/damage has no effect on the structural stability of the structural element/structure.

1 The defect/damage negatively affects the structural stability of the structural element; however, it
has no effect on the structural stability of the structure.

With respect to the as-planned utilization, individually occurring, small deviations in the condition of
the structural element, the quality of the construction material or the element’s dimensions are still
clearly within the scope of the admissible tolerances. :

Repairs to be carried out within the scope of regular maintenance.

2 The defect/damage negatively affects the structural stability of the structural element; however, it
has little effect on the structural stability of the structure.

The deviations in the condition of the structural element, the quality of the construction material or
regarding the dimensions or the as-planned stresses resulting from the utilization of the structure are
still within the scope of the permissible tolerances. In individual cases, the admissible tolerances of
the structural element may be exceeded.

Repairs must be undertaken within the medium term.

3 The defect/damage does affect the structural stability of the structural element negatively. the
deviations with respect to the condition of the structural element, the quality of the construction
material or regarding the dimensions or the as-planned stresses resulting from the utilization of the
structure exceed the permissible tolerances.

The required restrictions on the use are not in place or are ineffective.

The damage must be repaired at short notice. Restrictions regarding utilization must be put in
place immediately.

4 The structural stability of the structural element and the structure no longer exists.

Immediate measures must be taken during the inspection of the structure. Restrictions
regarding the utilization must be put into place immediately. The repair or renovation must be
initiated.
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Notas de apresentação
Damages are rated from 0 to 4 within three categories.

The categories are Stability, Durability and Traffic safety.

The table shows the rating for stability. 0 means that this damage does not have any impact on the stability of the construction part and on the bridge. 2 means that the damage ghas an impact on the stability of the construction part and only minor impact on the stability of the structure. 4 means a loss of the structural stability of the construction part and the structure. Immediate measures are required.



Examples for Damages

[

Steel corrosion of the bridge cap (deicing Corrosion due to less concrete cover
salt, sea water environment)

Determination of carbonization depth Concré'tefl king
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Notas de apresentação
This slide shows examples for damages like concrete spalling. Corroded reinforcement or carbonization of concrete.


Link to NDT

E SIB BAUWERKE, Erfazsungzprogramm ¥ 1.61 [Worabversion 4]

SIB-BAUWERKE

Bauwerksnummer 6608530 1 Interne Bwnr, 455

Schadensbewertung

[1] Briicke - Uberbau - Balken Hohlguerschnitt - Fahrbahnplatte - [2] Vursppnnung -Spannglied - Litze - [4] gerissen - [5)
mehtfach - [9] 15 m vom Bauwerksanfang

Standsicherheit des Bauwerks ist beeintrachtigt.
Schadensbeseitigung kurzfristig erforderlich.

VORSPAHHUHGEH SvD
Ausfall von Spanngliedern in Abhangigkeit von statischer
|Beurteilung S=2bis4,D=3

5 v D
Stand- Verkehrs- Dauer-
sicherheit sicherheit hattigkeit

vereinzekl freiliegende Hiillrohre o003

unverprefte Hillirohre, Spannbewehrung nicht korrodiert bzw. 103 |

[lediglich Flugrost ZfPBau-Kompendium - 1999
unverprefte Hilllrohre, einsetzende Korrosion der Spannstihle 203 >< BAM Bundesanstalt fiur Materiatforschung und -prifing (BAM)
unverprefte Hiillrohre, korrodierte Spannstahle (Harbenbildung) 303 Uiz daliiicn i 12202 L

Schutzbeton der Endverankerung der Spannglieder stark schadhaft 002 1 Beginn Z'[PB au- Kompendlum

Inhalt

Verfahren Prof. Dr.-Ing. Gerald Schickert
Literatur Dr. rer. nat. Martin Krause
2 Stichworte Dr. rer. nat. Herbert Wiggenhauser
Hilfe

Dr. rer. nat. Herbert Wiggenhauser
Dipl.-Ing. Kerstin Borchardt

Technische Realisierung:

Dipl.-Ing. Kerstin Borchardt
Dr. rer. nat. Herbert Wiggenhauser

Erstellt: 30.10.2000

Gefiirdert durch die Senatsverwaltung fiir Stadtentwicklung, Berlin

© BAM Bundesanstalt fiir Materialforschung und -priifung, Berlin, 1999
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Notas de apresentação
There might be cases where by a visual hands on inspection is not possible to identify and/or rate a specific damage. In these cases the inspection engineer can go for a more detailed damage analysis and assessment. To support the engineer the inspection software has a direct link to the NDT compendium developed by the Federal Institute for Materials and Testing.

By clicking on a specific damage possible NDT for further inspection are made available. Herbert Wiggenhause will tell you much more on NDT in his presentation tomorrow.




I [

NDT Methods

1,9

/
B3 |

>-200 >-250 >-300 >-350 >-400 >-450 <=-450 (mVCSE)
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Notas de apresentação
Therefore just two very short examples here. This example shows the results of a potential filed measurement on a bridge deck. You can see the measurement results and the verification.


NDT Methods
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Notas de apresentação
Another example is shown here. In this case it was possible to detect the location of prestresing steel by using impact echo measurement.

It is very important when you decide to use NDT in the course of bridge inspection that these measurements are carries out by highly qualified persons. For the inspection of road tunnel we have a kind of certification process for the use of NDT.




Additional Inspections
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Notas de apresentação
As we will need all inspection results during bridge management it is absolutely vital that the results of detailed damage analyses and assessments are feeded back into the inspection software and database.

This slide shows the process by which this is enabled in our case.


@ L. o

e

el | o S e~

Bridge Condition according to DIN 1076

1,0 - 1,7 the structural element is in a very good / good
condition. Intervention not necessary.

1,8 — 2,4 the structural element is in an acceptable condition.
Intervention should be planned in time.

2,5—-2,9 the structural element is in a bad condition.
Measures should be planned in the near future.

3,0 — 3,4 the structural element is in a bad condition.
Measures should be planned fast.

> 3,5 the structural element is in a very bad condition.
Measures have to be planned immediately.
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Notas de apresentação
Based on all the detected damages and their ratings the condition rating for the structure will be generated by a special algorithm. 

These ratings go from 1,0 (very good) and 3.5 (very poor). These were the ratings I have presented on a slide at the beginning of my presentation. 


Inspection Report

e THIEW S00650 L M5
S& Vervaltang im Satup el atibes
Sarhegehlol B kxfifeng AMSEU i E

Dhachwom W01 2L, Cuaikblait Znit 1

Priifbericht 1999 H

onch DIH 1076

E-quwer kerraena Talbricke Friedrcbrind
Telbamedaneme Tamricks Prisdrichrial
¥ormiz Stadtraband Sembroecke
Ot FRIFDRICHSTHAL
Bauwrer lcacet Trimarrosthrikka
Tregithak=t EWS nawh DIV 1072
Eauj b 19
Strallen s Poreedcshersich

NS | Toioio- |tehlwin. | Bokme | St | Moo | Sebm kDN | D [ Bedxt (Jan (AWM O o

i Taiadd L3 gy Wt S p. EH

AL jGIME ks E AT | L bde i |1 | 1 R 3

LA D o a1 [romien. 1 | I |npehllie

Frofti B tati e
P Eanmamn
Feofleg oon 10004, BO00 T [ (el 1000

|Zuﬂ:ﬂndmote: 3,0

51 Vrmalomag b Setop dnazlon

Fricherick: 10890 H
Teilb mewerks: GETISA) 1 (455}

Sapiviot Ramwsrkoprifimg Strad Al
Dack wom 300 307, Ichdeobichmlug 2 1
Srhadenexhraibung
Therbae F] Eukor ¥ ollqsdaehmt, Eton, dea Sila,
[ Elkne, 7 cllgmdiehedt, o SHk, Cueedng, 1-ta Thpplabrl, 5-t Fol &, 0 &= vom Fakknfin g vackdd,
Fdd, 30, = von Fddarfing, ek, ==0, ¥=0,T1=2 EP

==0,9=0.0=L HF

[ Balkie, ¥ cdlaqmesachrit, Betan, sinSklak,
ahgpluat, 1-tew Falid, 14 31 wom Pel dasden p, Mhtia,
arrien, Jostmederizung cobadhalt,

O=0,¥=0.0=1 EF

[ Ealkie, ¥ dld iheit, Beton, o S,
ahgplabst, J-tia Fald, LL 3 wean Rl davifisn g, Baka,
==0,7=0,0=1 HE

[4 Palkir, 7 dlyoerahreit, Beta, rinStlak,
ahgaplabrt, -t Fild, birken, Jinkg
5=0,7-0,D=1 EP

[5] Ealksn, ¥ ol qoarscheid, Bulom, sina Bballe,
abgpluzt, 3-ted FilA, LE ¢ 7o Pl daedie g, Bakg

L3t
B=0, ¥=0,0=1 &P

FLANICH BRTOHAHFLATZON O

[6] Balke, § cllamesschrit, Beton, sios Stalle,
ahguplatat, 4-tow Fald, 3% 21 voms Pel dardunp roabite,
=0, 9=0,0=1 EP

1 Balkan, ¥ digeerschoit, sine Blalls, Cuscciees
Riedrmita Ol - < 0.3 mm, J-laeFald T ron
Fddmfme

E-0, 9=0,0=L &E

[ Ealkin ¥ dlgesrichot, sne Balis, Qusdees
Rirtrmita 0.1 - < 03 mx, J-tae Pl 44 0 o
Fddmfme

=0, 9-0.0=L EP

AEKRAGING ELTORAEFLATZOND L

[L0] Baiken, ¥allopaeschnity, Beton, ains Stdls,
chppplakrl, 5-2a Feld &4 m woen Foldanfon g eookin,
S=0, T=],0=2 EP
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Sal, Fal,Tsl &P

[123] Beken, Tallpaawchnisy, Detor, wicsivash,
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=0, V=0,0-2 EFP

3] Bakm, Fallgerechmib, Beton, Ticsios e,
thpplakr, 4w Feld 3 m rom Frkdmbm g Linkn,
o=0, ¥=0,0-2Z EP

4] Batm, ¥ollgaestmin, don Stels, Sxhrigrien
Rictrn 02 <0 d mm, Sn, TincFdd, mean,
=0, V=0,0-L EP

[L5] Belken, Tollopwactidt], e Sisle, Hoblssle,
T-tegFals, eter,

g=0, ¥=0,0-L EF

[L5] Bk, ¥ollgecetoity, Beten, mios Jtdls,
thpplatn, £-te Fald, vome, Tachix,
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Notas de apresentação
Finally, all the inspection results are stored into our database and are thereby fully accessible for bridge management. Beside this the software can produce  very detailed inspection reports. Thes reports have to be printed and signed by the inspection engineer. 


Outline

> Management

= Load bearing capacity
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Notas de apresentação
When you have to deal with existing structures you have to take care that your structures have a sufficient load bearing capacity.

We have had a significant increase in traffic during the last years. Therefore, bridge management ihas to take this effect into account besides the more damage based approach.


I [

Load bearing Capacity of aging Bridges

m
0

Probability of Failure, Pf =it Ps

= Aging

= Condition

/ = Systematic weaknesses

| Actions. Resistance

Time

Quelle: Factas Universitatis; Ar

Freight transport (with special permission)
Overloaded trucks

New vehicle concepts

Extreme weather events (Climate Change)
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Notas de apresentação
The problem is shown here. Due to aging effects and decreasing condition together with old design approaches we can observe a certain aging process of our bridges which is connected to decreasing load bearing capacity. On the other hand traffic has strongly increased.  

The leads to the consequences that a sufficient safety margin cannot be garranteed for all of our bridges.  


Traffic Simulation

Two span bridge — bending moment at support

OBAB
492
47.9 BB-Str
60%
78 87
08 08 04 08 03 02

— Pt h
FB 101 60/30 60 30/30 45 30 24 .3 Geh-/ Radweg Andere

Traffic Simulation:
HGV Traffic on A61

10 20 30 40 50 60 70 80
Span (m) | .
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Notas de apresentação
For further analyzing this problem we have carried our traffic simulations for typical bridge configurations.

These analyses show that certain bridge classes do not have enough load bearing capacity with regard to the actual traffic on German Motorways.

You can see that the situation for bridge classes less than 60/30 might already be dangerous.


Risk Analysis — Standards and Guidelines

N N N N N  E CEE
1 a0 o (o] a0 o (2] (7] o (5] a0 [
L _ = — — — — — — — — [
Lastannahmen DIN DIN 1072/06.1952 DIN 1072/11.
Stralienbricken
1072 (BKG60; BK 30) (BKGO; BK
aT AT=5K AT=7K
kein AT (AT=2,5K (AT=10K
Bauzust.) Bauzust.)
Beton- und Stahlbetonbau - i
DIM 1045/05.15829; 04.1932; 05.1937; 1543; 11455
i ; : : : 1045/01 1372 1045/12108 DIN 1045/07.1988
Berechnungsgrundlagen ARS24/Dez .
fiir massive Briicken DIN 1075/08.1931; 11 1931; 051538, 08.1951; i /1955 Richtlinie DIM 1075/04.1981
08/73
Schadensfall Prifkenalle
Spannbeton DINA22Tf D“:I g DIN
Berechnung und DIN 4227/10.1953 02.1966 azr |E 5 - DIN 4227-1/ 07.1988
Ausfiihrung e 06.73 2 =
Mindestbewehrung : =riflihts Mind ung:
nur konstruktive Bewehmng hﬁ;dgegstbe;:l‘r;crg mirf,=0,25% PL
=L = asen mirfilh,=1% HK
Zusatzliche Regeln
ZTv- o
K75
Querkraft 1968 - 1985 [zemak He +RWTH) 1986 - 2003 (zem. Hess. Lsv+RWTH) |
= vergiteter St 145160 "alter teter 5t 145,160 "neuer
Spannstahl (SpRK} [ I Typ" bisca. 1965 Tyl von 1965 bis 1978
Warschlag - z
far Reihung bis 1985 bis 2003
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Notas de apresentação
This slide shows the development of standards and guidelines over time for Germany. We used this as a starting point to indentify possible risks for existing bridges. However, as you can see, this does not give a very clear picture. We were able to identify three groups: 1967, 1979 and 1985. The result was a categorization of bridges into three risk groups.



- I [ - m .

Risk Analysis

+ 1.2 eewy) 7

Z Traffic (f;=0,45)

Z7nUB) Condition of superstructure (f,=0,10)
Z5r »,DT*“-Consideration (f;=0,10)

Zr »,Ccoupling Joints* (f,=0,10)

Zg ~>hear Force* (f;=0,10)

Zspri ~otress Corrosion* (f;=0,10)

Zn(TBw) Condition (f,=0,05)
f,....f Weighting factors
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Notas de apresentação
In a second step we included more parameters like condition, traffic volume, and a couple of design criteria for a qualitative risk based approach.

The simple formula for this is shown here.

 


I [

Risk Analysis

Briicken im Zuge von Bundesautobahnen

Vordringlich zu untersuchende Briicken

Stand: Februar 2010

[LFD.NR.] BL [STRECKE [ID.NR  |BAUWERKSNAME

[oRT

[LANGE [m] | BAUJAHR | HAUPTBAUSTOFF

0001 BB A10 3443507 1 Brocke im Zuge der A 10 ber DB und K 6303 Uberbau 1, link BREDOW 40,00 1978 Stahlverbund
000z BB A0 3443507 2 Briicke im Zuge der A 10 tber DB und K 6303 Uberbau 2, rect BREDOW 40,00 1978 Stahlverbund
0003z BB A10 32445002 Bracke im Zuge der A10 Ober die A24 Grolziethen 66,20 1979 Spannbeton
0004 BB A0 3244500 1 Bracke im Zuge der A10 Ober die A24 Grolziethen 66,20 1979 Spannbeton
poos BB AN 32455020 Bricke im Zuge der A 111 dber die A 10 WELTEN 64,20 1982 Spannbeton
0ooe BB A114 3346514 1 Bricke im Zuge der A 114 tiber die A 10 SCHOMERLINDE 80,00 1972 Stahl/Leichtretall
0oo7 BB A114 3346514 2 Bricke im Zuge der A 114 tiber die A 10 SCHOMERLINDE 80,00 1972 Stahl/Leichtretall
0008 BB A 117 ?EJTE’IF. 1 Briicke im 7unp der & 117 jiber OB ynd 'n"\-'pn WAI TERSDORE 22138 1962 F!mnm'f-ﬁq hlbeton
0009 | BB AliY 547516 2 "Il. cke |m Zuge I-— A I l LI| r IE und Weg WALTERSDORF 22 38 1962 } Ibeton
0010 | BB A3 5 ' alatlal <l & 196 1 nibeton
0011 BB .i 'Ii L E$S | LN 2 55 hibeton
o2 | BE a0 3 Charlottenburg nketon
0013 S.t“ & R pl Ja3 11 nketon
0014 0 ) nbeton
0015 | BE A 10 re 34450 E harlottenb aC '3 Spannbeton
Do1e BE ATOU JAA5TORAT Bricke uberden Tegeler Weg Lharlottenhurg ) Spannbeton
0017 BE A100 344510581 Bricke Ober den Tegeler Weg Charlottenburg 273,21 Spannbeton
0018 BE A100 344510582 Bricke Ober den Tegeler Weg Charlottenburg 273,21 Spannbeton
0019 BE A100 3445105C  Bracke Ober den Tegeler Weg Charlottenburg 94 97 Spannbeton
0020  BE A100 3645028A2 Brucke Ober die Mecklenburgische Stralte Wilmersdorf 363,63 Spannbeton
0021 BE A100 3545028A1 Brocke Ober die Mecklenburgische Stralle Wilmersdorf 356,584 Spannbeton
0022 BE A 100 35450191 BAB A 100 Briicke tber die Ausfahrt Detmolder Str. Wilmersdorf 80,68 Spannbeton
0023 BE A 100 35450192 BAB A 100 Briicke tber die Ausfahrt Detmolder Str. Wilmersdorf 80,68 Spannbeton
0024 BE A 100 AfAst) 3546508 1 Bricke AS Gradestr-/iber Gottlieb-Dunkel-Str Tempelhof 253,96 Spannbeton
0025 BE A 100 AfAst) 35450370 Bricke Einfahrt zum AK Wilmersdorf Wilmersdorf 79,11 Spannbeton
0026 BE A 100 AfAst) 35450200 Rampenbriicke Ausfahrt BAB A 100 Detmolder Str. Wilmersdorf 142,12 Spannbeton
0027  BE A 100 DiAst) 35450311 Bricke ber den Westring Wilmersdorf 27222 Spannbeton
0028 BE A100 D(Ast) 3545034 1 Briicke ber die Mecklenburgische Strafle Wilmersdorf 56,80 Spannbeton
0029 BE A 100 E{Ast) 34450840 Westliche Bricke tber den Siemensdamm Charlottenburg 177,01 Spannbeton

Quelle: http://www.bast.de/DE/FB-B/Fachthemen/b4-nachrechnung-bruecken
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Apresentador
Notas de apresentação
The result of this qualitative risk analysis is shown here. We have been able to generate lists with a priortization regarding the necessity for detailed assessment.

It is very clear that a large amount of these structures will have to be strengthened and/or replaced. This requires additional resources for owners and operators.

This is a toipic of ongoing discussions on political level.




I [ - m

Reassessment

Bundesministerium fur Verkehr, Bau
und Stadtentwicklung

Abteilung StraBenbau

Guideline for the
assessment of
existing bridges

Ausgabe: 05/2011
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Notas de apresentação
Parallel to the risk analysis of our bridge stock aguideline for the assessment of existing bridges has been developed. This guideline has already been introdued by the Federal Minstry of Tranport. Therefore it is mandatory for all Federal bridges.


I [

Reassessment - vertical traffic loads

» Target traffic level

LMM: Load model 1

(DIN EN 1991-2/NA)

LM1: Load model 1

(DIN Fachbericht)

BK60/30: Load model 60/30

(DIN 1072:1985)

BK60: Load model 60

(DIN 1072:1967)

BK30/30: Load model 30/30

(DIN 1072:1985)

» Type of traffic

long distance
medium distance

local traffic

Target traffic level

s

.

Current

~
DTV-SV v Current composition of
(from counting’s) traffic (from counting's)
J

A 4

Prognosis

DTV SV

to 2025 type of traffic

Target traffic level
(due to road category)

fulfillment of
verification
no

Compensation measures

verification of
target traffic
level

Source: Bauingenieur, Ausgabe Januar 2012
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Notas de apresentação
The guideline follows a quiet simple approach. Staring point is the determination of a target traffic level.

Based on a couple of parameters the target level is determined and  the relevant load model for the assessment.


I [

Reassessment procedure

LM-Target

Calculation

Stage 1 according to
DIN FB / EC

fulfillment of
verification

Verification
grade A

no

Verification +

special fulfillment of Verification
arrangements verification grade B
due to manual
t -
———-- l no ; Compensation
I measures
structural or Verification
Stage 4 different

grade C

measures

Source: Bauingenieur, Ausgabe Januar 2012

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014 56/96


Apresentador
Notas de apresentação
The following process has a maximum of four stages. First results show that it is almost impossible to have a verification on stage 1, where no compensation measures would be necessary.

In most cases compensation measures are necessary (stage 2). Stages 3 and 4 are more scientific approaches that are not used for smaller structures.


Compensation measures

» Limitations for traffic:
— Load restriction
— Ban of overtaking for trucks
— Introducing a speed limit
— Rearrangement of lanes

— Closing and/or narrowing of lanes

» Compensating monitoring measures:
— Installation of long-term monitoring

— Additional inspections according DIN 1076
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Notas de apresentação
I have already mentiones comensation measures. On this slide a list of possible merasures.


I [

Retrofitting Methods for Concrete Bridges

_,[

external tendons

——/

Ve

external tendons

e

additional concrete in the
compression zone

J

cross section expansion with
shotcrete and additional
reinforcement

\

change of structural system

Ld additional concrete in the
compression zone
. J/
( - - - \
cross section expansion with
Insufficient —] shotcrete and additional )
- i reinforcement [ shear resistance
load carrying 9 ) ]
capacity due to p _
increased traffic L near-surface-mounted steel
loads reinforcement
. J
_; near-surface-mounted FRP |
L strips )
—>[ external bonded FRP strips
external prestressed FRP )
strips )
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Source: Sachstand Verstarkungsverfahren — Verstarken von Betonbriicken im Bestand, Bericht der Bundesanstalt fur Stralenwesen, Heft B 75
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Apresentador
Notas de apresentação
When it comes to strengthening of structures various technologies are available. As a support for Road administrations we have developed a catalogue of possible measures with regard to existing deficits.

This report has been published and can be used by local road authorities as a starting point for further actions.


Outline

> Management

= Management System
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Apresentador
Notas de apresentação
With inventory, inspecton and load bearing capacity information we can now look at the bridge management process that we use for Federal Roads in Germany.


Management of (aging) Infrastructure

4

gy 7 TR

Infrastructure
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Apresentador
Notas de apresentação
You have seen this slide before. Bridge management should be able to answer the questione: why, when, where and how much and it should be able to analyze specific scenarios.
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Bridge Management System

restrictions

network S
structures — (owner,
user) ,
damages !
.. rogram
: condition repuirgement
maintenance data analyses q
assessment i
base options
traffic
\_,/ deterioration
- _’ - -
accidents prediction
costs alternatives

Bauwerk Management System

. "‘ !‘lﬂm:!llli\ |
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Version 11121
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Apresentador
Notas de apresentação
This slide shows the general layout of a bridge management systems n nor only for our system but also for systems used elsewhere.


Bridge Management System

damage analysis
on object level
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Apresentador
Notas de apresentação
And here the layout of our bridge management system. We have already covered the modules inspection, and damage analysis and maintenance alternatives. This is part of our inventory and inspection guidelines and software.

On the basis of these information the management system carries out analyses and optimizations on object level. Of course user costs (external costs) have to taken into account here.

The next step is the analysis on network level and the generation of a network wide maintenance program. If necessary, scenarios can be used to carry out if-than analyses.
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Apresentador
Notas de apresentação
As bridge management is always a kind of prognosis it is very important to think about the development of relevant damages and about maintenance strategies.

This slide shows the condition over time and possible strategies to maintain this structure in a certain condition. Condition goes down over time. At a certain point the risk of failure gets too high. You remember the slides on laod bearing capacity of bridges.

At a certain point the condition reaches the acceptable state and measures would be necessary and the owner operator has to react.

He can do this by a couple of smaller measures which may in total cause very high user costs. Or he can bundle measures and carry out a couple of measures at the same time, even if some measures are not yet needed. 

This approach creates a lot of different alternatives.
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Bridge Management System - Example

Superstructure:

corrosion of Bituminous Layer:
reinforcement cracks and delamination

e

||;| Retainng System:
"" corrosion

Bearing:
excessive
deformation

Substructure: Embankment:
cracks damaged
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Apresentador
Notas de apresentação
This example shows a bridge with a couple of deficits/damages. Corrosion, cracks, damages and so on.


)

[

Bridge Management System - Example

Concrete repair 1.000 m=

costs 490.500 € duration 3 months

intervention 2014 or 2015

Asphalt replacement (without waterproofing)

costs 64.200 € duration 3 months

intervention 2014 or 2015

Crack injection

costs 129.100 € duration 3 months

intervention 2014 to 2018

Embankment repair (30 m3)

costs 11.700 € duration 3 months

intervention 2014 or 2015

Retaining System repair (33 m)/replacement (100 m)

costs 19.700 € / 34.100 € duration 1 week

intervention 2014 to 2019

Bearing repair/replacement

costs 24.700 € / 25.300 € duration 1 week

intervention 2014 to 2019
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Apresentador
Notas de apresentação
This is a list of measures that are needed to repair all of the mentioned damages including cost estimations and optimum time for repair. At a certain point some of these damages will reach a critical level. However, it is still possible to bundle certain measures.




[ T 1
Bridge Management System - Example
Measure
Alternative Concr_ete Layer repair _ (_Zragk Embank- Railing Bea_ring
repair injection ment repair/replace- | repair/re-
repair ment placement
A 2014 2014 2014 2014 1 2014 1
B 2014 2014 2014 2014 A 2014 A
C 2015 2015 2015 2015 | 2015 |
D 2015 2015 2015 2015 A 2015 A
E 2014 2014 2014 2018 | 2016 |
F 2014 2014 2014 2018 A 2017 A
G 2015 2015 2015 2018 | 2016 |
H 2015 2015 2015 2018 A 2018 A
I 2015 2015 2015 2015 A 2018 A
J 2015 2015 2015 2015 2015 A 2015 A
K 2015 2017 2015 2015 2017 A 2016 A

| = repair A =replacement
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Apresentador
Notas de apresentação
Even with this very simple example a lot of possible alternatives can be generated. Some of htese alternatives are shown here in this table. Of course a total replacement of the structure has also to be taken into account.




N [
Bridge Management System - Example
Alternative costs [€] owner:
owner user environment -
maintenance
traffic safety
A 049.482 5.685.822 158.345 :
B 953.284 5.685.822 158.345 residual value
C 926.708 5.520.215 153.733 User-
D 929.832 5.520.215 153.733 .
E 1.090.105 8.685.822 222.087 time
F 1.081.757 8.685.822 222.087 operation
G 1.059.736 8.520.215 217.475 .
H 1.060.303 8.520.215 217.475 accidents
I 975.235 5.520.215 153.733 Environment:
J 985.743 5.685.822 158.345 .
K 1.589.152 | 11.827.591 329.388 climate
pollution

noise
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Apresentador
Notas de apresentação
The next step would be the calculation of the direct in external costs for all of these alternatives like shown in this slide here.


[ O I
Bridge Management System - Example
Alternative benefit [€]
user environment

A 544.672.79 20.438.750 Benefit :

B 1.141.349.526 44.152.697

C 639.504.025 | 24.123.846 COStSyo nothing = COStSmeasure

D 1.236.291.331 47.905.083 (user + environment)

E 734.740.830 27.842.248

F 1.112.565.378 42.944.799

G 991.349.709 37.598.408

H 1.207.507.183 46.697.184

I 1.207.507.183 46.697.184

J 1.207.507.183 46.697.184

K

1.424.570.426

5.494.698
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Apresentador
Notas de apresentação
On the basis of these costs possible benefits for each alternative can be calculated.
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Bridge Management System - Example

Prioriti- Cost/Benefit-Ratio
without with discount

sation discount rate rate
3%

best D D

I |

J J

B B

H H

F F

G

C C

v E E
worst A A

Cost/Benefit - Ratio:

Owner - Costs /
User + Environment - Benefit
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Apresentador
Notas de apresentação
Different alternatives can than be ranked according to the best cost/benefit ratio. By this the analysis on abject level is finished by now.
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Bridge Management System - Example

Summe aus
’ | | lahr dor | Gesarmt- | Mittzon pnd | RBannfnlne am
Summe aus
I | | lahr dor Gesarmt- | Mittzon pnd | Bannfnlne am t
Summe aus —
’ | | lahr dor Gesarmt- | Mittzon pnd | Bannfnlne am t 37 ° I D f I Q f
p— S ol Analysis of alternatives for
. Jahr der Nutzenund | Rangfolge am F—— 34
Nr. Strategie Mafnahme- Nutzen 5 36 an ]
Malnahme Kosten Objekt 37 o132
Kosten® der MaBnahme M 34 ] 30 1
: 1 Il object
1| _FBUK 6 -30.000 | __123.200 93.200 37 Faa 1228 all O ects
2 FBOK 7 29100 | 125400 96.300 36 ap 027
3[__FBUK 8 28227 | 121,600 99.373 34 T%‘ 26
4 FBUK 9 27380 | 129.800 102.420 32 1225 : :
; 2512 e Net k-wid k
5| _FBUK 10 26559 | 132,000 105.441 30 157 28 {24 etwor wide rankin
6| FBUK 11 25762 | 134.200 108.438 28 e 12|23
7| __FBUK 12 24.989 | 136.400 111,411 27 ?%3‘. 40
8| FBUK 13 24239 | 138.600 114.361 26 |5, 123 {30 : :
; 2 » Maint m without
o FBUK 14 Zaeia | iaosco | 117.268 2 a0 5 alntenance program witnou
10~ FBUK 15 22.807 | 143.000 120.193 24 T%Z' 3%
11 FBUK 16 22123 | 145.200 123.077 23 [ 138 33 - -
39 133 |
12| Kappe 19 -60.000 | 144.900 84.900 40 351 % 31 any restrlctlons
13]_ Kappe 20 -58.200 | 147.000 88.800 39 313229
14| Kappe 21 -56.454 | 149.100 92.646 38 a2t
15| Kappe 22 54760 | _ 151.200 96.440 3 5 2219
16| Kappe 23 53118 | 153.300 100.182 33 5912 [18
17| Kappe 2 51524 | 155400 103.876 31 5 {16
18] Kappe 25 -49.978 | __157.500 107.522 29 1ot {1s
19 Belag 17 ~40.000 | 234.500 194.500 21 a1 12
20 Belag 18 -38.800 | 238.000 199.200 19 134 22
21 Belag 19 -37.636 | _241.500 203.864 18 1220
22| Belag 20 -36.507 | 245.000 208.493 16 |75 1 2% |17
23| Belag 2 -35.412 | 248.500 213.088 14 7%3. 15
24 Belag 2 -34.349 | 252.000 217.651 12 5o+ {18 W d -
25| Lager 2 -90.000 | _ 280.800 190.800 2 |17 1357 ante -
26| Lager 3 -87.300 | _ 284.700 197.400 BI5]
27| Lager 2 -84.681 | 288.600 203.919 T . . .
TR T T Optimised maintenance program
29| Lager 26 79.676 | 296.400 216.724 1B re1-42
30 _K+B 19 -87.636 | _ 579.600 491.964 [l gy SNy )
[ kB 20 85007 | _ 586.000 502.993 5 9 b d t th t t
_381 KR+B_ |20 | -85007 ] 588.000 | = 502993 | _ _ _ 5 | 3 1 9]
EE e R e (budget, other constraints
33 K+B 2 -79.983 | 604.800 524.817 3 Mot~
34 K+B+F 22 150110 | 1261400 | _ 1.102.290 2|7 76 |
3 KL 23 130418 | 512.460 382.042 g E= N
| 35|  KeL | 23 | -130418 | 512460 | _ 382042 | __ _ 10 ¢
B 122710 |~ 526,500 403.790
[ 38 _ F+k | __26__| -8123| 320100 | _ 237.977 | __ _ 11T 77
_39| F+K+B | 16 _ | _-122123 | 624800 | _ 502677 | _ _ _ 6 |
40[ F+K+BFL 16 212123 | 1467200 | ~ 1.255.077 1
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Apresentador
Notas de apresentação
The desribed process can be carried out for each object in the network. By doing this a maintenance program including priorities and costs can be generated on network level.




I [

Bridge Management System - Example

Scenarios:

Optimal network-wide condition level for a given budget
(Financial Scenario)

Minimum budget for a given network-wide condition level
(Quality Scenario)

Possible boundary Conditions:

» yearly budget restrictions
minimum condition standard
favour structures with large traffic

favour combination of measures within a line

vV V V VY

exceptional measures can be added manual
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Apresentador
Notas de apresentação
The last point I would like to show you is the consideration of scenarios. We have implemented two main scenarios in out management system. A financial scenario and a quality scenario.

For each scenario a couple of boundary conditions can be added.
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Bridge Management System - Example

Zusammenfassung der BMS-Ergebnisse
Analysegruppe: Bundesautobahn Szenario: Q-2004-023
Optimierungsverfahren: Qualitatsszenario

Mio. € -0 . ]
1501 | 1 [ 1 100 Sy MalRnahmenverteilung 100 MafSnahmenverteilung €-%
B eingesetzt O verflugbar 90 Planungszeitraum 90
B Korrosionsschutz,
80 Stahlbauarbeiten 80
B Betonarbeiten
70 70
10,0
60 * O Ersatzneubau 60
50 o 50
O Schutzplanken, Gelander
40 4 40
5,0 HE Lager, Fahrbahniibergange 30
30 ==
20 ~ O Fahrbahnbel. m. Abdichtungen 20
104 10
O Sonstige Baumal3nahmen
0,0 0 0
12 ?fJahr4 5 6 alle Jahre 12 %ahr4 5 6
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Apresentador
Notas de apresentação
This is an example for a Quality scenario analysis including budget restrictions for each year. On the left side you can see that the available budget has been allocated by the system. On the right side the resulting measures.

Using the financial scenario we could see how a certain budget would influence the condition of our bridges.
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Bridge Management System - Example

| o :_ E
Krauzung ! 5 !
Parkplatze

Fahrxahnquerschnitt ; ]
i i
Bauwearksnummer | | | |t‘ | | |
= = o @ B E
@ 3 3 = & 2
(] (] [} (5] oy
= o =] oo E =] on
e
1
Bauwerk ASB-Murmmer 234704 E2IAT0N w2aa70G| | EednEst| | ezadesz B233663 i
Inteme Bawwhr. BAY 51 B B2 Bi 53 B B4 BWES B EE :
1
Befriebskilo meter 42 BEE 43020 43512 14 0GR 45,725 5,231 :
Brickenflache [m7] 4Rz GTR 336 520 455 346 !
Lichta Hoha [m] 4,59 8,10 4,70 4,70 4,50 4,70 i
Teilbauwerk Teilbauwerksnummer i ] 1 z a i i 1 7 3 ] -
Bauworksart — | = — | = [—] — — [—— R —— I — I —] i
Baujahr 1968 | 1068 1950 | 1969 1871 1971 1962 1072 | 1erz ] 1972 | 1er2 .
Lange 4| 144 HERIEE 44,8 863 10,5 een | ang | ema | s :
Bruckenflachea [m?] ISR LT e | 33 338 520 45 EEIEEE BB L !
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Max S Be 11| B2 11| [ Se23] Se23 [ Fo22 a2 Fo 24| Faz | Fo 21| Faz1 i
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Max D Ka 13| Ka 1,9] | Ka 15| Ka 1,8 Fo22 Ka iR Fo 21| Faz i Fu 21| Faza :
MASSNANMEN : = = = ;
enlisgend A | a | [meocgaEced | | | | 5 [ aec] anc] aec| anc | :
EMPFEHLUNGEN
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Apresentador
Notas de apresentação
Of course it is also possible to print the measures in various formats; even togehter with road maintenance.


Outline

> Extreme Weather
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Apresentador
Notas de apresentação
In the last part of my presentation I would like to mention two security issues as these issues might be relevant regarding the management, especially of aging infrastructure.

First, I would talk a littel bit on Extrme weather.


Extreme Weather

4 RIMAROCC — Methodology

6.
Implemen-
tation of
Measure

7.
Surveillanc
and
Evaluatio

1 1
/ /
7/
Feedback -
4 A A A A

A
1
1
1
1
1

Optiof:1

V'S
1
1
1

s for Action
_________ el
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Apresentador
Notas de apresentação
For assessing possible consequneces of extreme weather wich might happen more often in the future as a consequence of Cimate Change, we have used a traditional risk based approach.

Grafik erklären
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Extreme Weather — Example Concrete Frame

Load case: positive temperature gradient (DIN FB 101-2009) and relevant
characteristic values from regional climate projection (REMO)

DIN FB 101 REMO

Temperature (constant and linear)

» Increase of the max. bending moment and the edge stresses by 7.5%
compared to DIN FB 101

» Increase of max. bending moment and edge stress by 24% compared to
DIN 1072:1967 (durability)
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Apresentador
Notas de apresentação
For assessing the vulnerability of bridges with regard to extreme temperatures we have used the result of regional climate projections.

This slide shows the results for a concrete frame bridge. What you can see is that we can expect in increase in bending moments due to extreme heat.



mmmm—E  JOL

Extreme Weather - Conclusions

Temperature

» Design of bridge bearings

» Design of integral bridges and groups of fixed bridge piers
» Fatigue considerations

Wind

» Effects of second order for high bridges

» Reductions according to DIN FB as well as National Annexes have
to be reassessed

» Bridges designed according to DIN 1072, 1967 have significant
deficits in all respects
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Apresentador
Notas de apresentação
This slide shows a summary of the results for bridges for loads from wind and temperature. As a result we can say that certain bridges might get problems with extreme weather. However, the impact for our bridge stock in genberal seems to be limited.


Extreme Weather — IT-System

¥ 4000599 m, ¥ 5862139 m

z

gl

Legende
|:| bis 4 Tage
I:l E-9 Tage
I 10-14 Tage
I 15 und mehr Tage
B :ndere Werte

2040: Number of days with more than 20 mm/h

Road sections with gn <= 0,1 >20mm/h

J. Krieger, 56° Congresso Brasileiro do Concreto, Natal October 7-10, 2014

78/96


Apresentador
Notas de apresentação
For analysing the impact of climate change on network level we have designed an IT system. This system brings togehter the results of regional climate projections with bridge inventory data. Using this system we can easily examine the direct consequences of certain extrme weather events on bridges.


Extreme Weather — IT-System
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Apresentador
Notas de apresentação
An example is shown here. In the first step you would select a certain bridges by using inventory based criteria.

50m and gradient more than 5%. 

By doing this the direct consequences on network level are visible.  


Outline

> Large Accidents and Explosions
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Apresentador
Notas de apresentação
Another security issue might be large accidents. Accidents that clearly exceed the deign level.
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Simulation of large Fires on and under Bridges SHRIE

Fire on Bridges
 Suspension Bridge, suspended deck arch bridge

Fire under Bridges

 Concrete, prestressed concrete, steel and
composite bridges with slab, beam or box girder
Cross sections

Fire Scenarios:

 Tank truck with petrol: 20 kg/s release rate
 Tank truck with petrol: 300 kg/s release rate
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Apresentador
Notas de apresentação
For assessing the impact of these kind of incidents we have carried out numerical analyses where we looked at the consequences of large fires on and under bridges.

We have used tank truck incidents with different release rates of petrol as scenarios.




[ [
Tank Truck (28t Petrol) (RIE
Fires on Bridges (suspended deck arch bridge)
Stabbogenbriicke Burning liquid | Drained liquid
Regelquerschnitt RQ 10,5t Bezeichnung [ka] an [%6] [kg] an [%0]
Detai . ‘o
! 2% e
| I\ 7 ! p— . ] Kuppe300G1 1.40((/ 50/) 26.600/ 95%
N —~
l _ ' l Kuppe 300G2 1.700 / 6% 26.300 / 94%
. 2 x3,50 m = 7,00 m

12,00 m

Kuppe20,6G1

5.000 / 18%

23.000 / 82%

Detail nicht mafsstiblich

Kuppe20,6G2

6.500 / 23%

21.500/ 77%

Neigung300G1 2.000/ 7% 26.000/ 93%
Neigung300G2 2.500/ 9% 25.500/91%
Neigung20,6G1 6.500 /;3%) 21.500/ 77%
A Neigung20,6G2 7.800 (28%) 20.200 / 72%
o —
Abbrand A Aq Drainage Cross Section
rand =ny o Ao Surface
Ac 2% Abfluss =nv Aq .
v Streaming
Vv .
Gerinnestrdomung Lachenvolumen =nL Aq L Length of the B_ndge
n Number of Draines
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Apresentador
Notas de apresentação
This slide shows the layout and boundary conditions of the simulations for fires on bridges.


Tank Truck (28t Petrol) SKRIE

Fires under Bridges

A
Schnitt A-A
Plattenquerschnitt Plattenquerschnitt

Pool fire geometry and size =
depend on:

1320
20.00

220(220] 440 [220[220

» Terrain topology

Design of Embankment —

>
» Roadway slope =
>

Location of release .

Released petrol may continue to burn in open drainages outside the bridge area
-> no effect on bridge structure
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Apresentador
Notas de apresentação
On this slide the layout for fires under bridges.


I [

Conclusions

» Major Fires under bridges have similar characteristics as tunnel fires
= Very high temperatures/steep temperature increases
» Comparable to ZTV-ING-temperature-time-curve

= Even relatively “small” fires result in temperatures >1.000 °C (large
scale test) and large areas with concrete spalling

» Major Fires on Bridges lead to lower temperature loads

» factorized ZTV-ING-temperature-time-curves

» Load carrying members mostly thin walled steel. Therefore, possibly
endangered
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Apresentador
Notas de apresentação
These are the results from our simulations. You can see that fires on and under bridges might have severe consequences. Therefore, for more critical bridges, protection measures might be adequate.


Threads for Road Tunnels

Contamination

_ Earthquake
KR p
‘ L andslides I
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Apresentador
Notas de apresentação
Another security issue deals withexplosions. We have done a lot of work on the impact of explosions in tunnels and on/under bridges. Unfortunately, I cannot give you exact numbers here due to the confidality of this topic.


Explosions SKRI

High Speed dynamic Effects - Shield Tunnel under Blast Exposure

Tunnel

Local Failures
v, T m

.

Global Failure

SHRIE Z Fraunhofer ©

EMI TLB.
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Apresentador
Notas de apresentação
However, one can say that already relatively small explosive charges can lead to significant damage of shield driven tunnels, especially if these tunnels are under water tunnels.




Explosions
Tunnel model tests
_____ Charge Distance Distance
o . W (kg) Ri(m) | R,(m)
,,*.,_...I_“w;_h Original | 100 0,5 4,0
T S Model [ 0,34 0,075* 0.6
! " 10m :

LT
Kies :
Modell-Tunnel
180
Grube 220 Messplatte T
—

|

— Fraunhofer
EMI
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Apresentador
Notas de apresentação
Here, the layout of a small scale test that has been carried out for the calibration of numerical analyses. The example shows a box type tunnel with small overburden.


Explosions

Tunnel model tests — Numerical simulations

Decke

195

Wand 1
Wand 2
16,5

128

Tunnel

Boden
15 12
178

Maximum damage,
Deformation in slab center

Damage
area

SHRIE

T [ 11 1 1

Reinforcement I

Reinforcement layout

- — Schadigung + —

Z Fraunhofer
EMI
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Apresentador
Notas de apresentação
On this slide a comparison between numerical results and small scale explosion tests. We can see that we the results fit very well.




Conclusions for Bridges and Tunnels

» No protection measures for large explosive charges

» Small explosive charges are in general not critical for bridges and
tunnels

» Where these charges are critical, protection measures are possible
= Access prevention for box girders
» Distance, linings for bridge cables
= Protection layers with energy absorbing and ductile materials
= Assessment of soil bedding
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Apresentador
Notas de apresentação
So what can be done to reduce the risk of explosive attacks to our bridges and tunnels.


Outline

> Innovation
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Apresentador
Notas de apresentação
Last, I would like to talk a little bit about innovation. Innovation is necessary. 


Road in the 21st Century

* Bundesministerium
T fiir Verkehr, Bau
und Stadtentwicklung

Federal Secretary of Transport:

“Efficient, safe and reliable transport
infrastructure is a basis for growth and
employment.

Road is more than concrete or asphalt. StraBe im 21. Jahrhundert
W|th innovative techniques and Innovativer StraRenbau in Deutschland
materials congestion and accidents can
be reduced, noise and emissions lowered,
and even energy could be produced. With
our research program, we give the road a
push of innovation.

This leads to a benefit for everybody:
Road users, residents, economy and
environment.,,

www.bmvbs.de

Oktober 2012
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Programmatic Key Aspects “Road in the 21st Century”

Safe and reliable

— Service Levels
— Climate Change
— Safety/Security

Intelligent

— Materials/Construction
— Alignment/Design
— IT Systems

Energy saving and delivering

— Kinetic Energy/Energy harvesting
— Photovoltaics, Thermovoltaics

— Geothermal energy

— Network Road

Low emission

— Low Noise
— Retention and reduction of emissions
— Emissions Vehicles/Road
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Programmatic Key Aspects “Road in the 21st Century”

Part of the habitat

— Roads and Landscape
— Road and urban Environment
— Road and aging Society

Sustainable

— Closed loop recycling
— Lifecycle Management
— Maintenance-/Asset-Management

Carrier for innovation

— Boundary conditions
— Funding instruments
— From innovation into practice (pilot applications)
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Outline

> Summary and Conclusions
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Summary and Conclusions

» Aging Infrastructure contributes to reduced availability
» Aging infrastructure can lead to additional risks

» Regular inspections and assessments together with a risk management
approach are indispensable

> Effects from extreme weather (Climate Change) are to be taken into account
in long term infrastructure management

» Upgrading and/or replacement are to be planned with regard to the criticality
of infrastructure objects (network level)

Holistic Management of Road Infrastructure
(lifecycle and risk based)
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l Additional information:

/ / fl www.bast.de

i | Contact:
| / f krieger@bast.de
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