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Statement 

» Brücken sind jeweils Prototypen 

» Daher kaum Standardlösungen vorhanden 

» Brückenmanagement muss das berücksichtigen 

» Achtung: Zwischen dem Stand der Technik und dem 

Stand der Wissenschaft und Technik ist zu unterscheiden 

» Monitoring ist kein Spielzeug mehr 

» Richtig angewandt erhöht es die Qualität erheblich 

» Daten und Auswertungen sind nur ein Baustein 

» Algorithmen bringen den Wert 

» Ergebnissen müssen einfach verständlich sein 

» Daten bleiben, Algorithmen wachsen 
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Typischer Prozess 



Aus dem IRIS Risikomodell 
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Begrifflichkeiten 

» Jedes Modell benutzt Parameter 

» Daten definieren Parameter 

» Relevante Parameter nennen wir Indikatoren 

» Indikatoren beschreiben zB. den Zustand (Index) 

» Oder das Verhalten (Performance) 

» Dies ermöglicht Prognosen 

» Und verbessert das Brückenmanagement 

» Risiko basierte, optimierte Entscheidungen werden 

möglich 

» Lösungen gibt es bereits auf Flottenebene bis herunter 

zur den Elementenebene einer Brücke 
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Umsetzung in den USA im NBI Portal 
(620000 Brücken) 

Modell aus 198 Faktoren mit zugeordneten Unsicherheiten 

Wichtig: Qualität der Daten berücksichtigen (data quality index) 



Schema: BRIMOS Life Cycle Analysis 



Ageing model 

CONDITION  

Initial condition 

Defined  
LIMIT STATE 

C  (t) = C  + a   x ( S  – S )c Ci (t) = CI + an  x ( Si – SI)
c 

Structural ageing  
CEN/WS 063 / CWA 16633:2013  

“Ageing behaviour of Structural Components” 
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Motivation: Supporting the decision process of strategic, integrated Asset 

Management on a technically & empirically well-founded basis 

Ageing – target progress 

Service life = 90 years 

Optimal life-cycle costs 

Maintenance Maintenance Reinvest 

Ageing – delayed maintenance 

Service life = 90 years 

Higher life-cycle costs 

Reinvest 

Ageing – “do-nothing”- 

strategy 

Reduced service life –  

premature reinvestment 

Ageing – delayed maintenance 

Reduced service life –  

premature reinvestment 

Same use of resources as in  

optimal case 

Maintenance Maintenance Reinvest 

Maintenance Reinvest 

=> Structure Specific Ageing Models & corresponding Cost Models 
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DO-NOTHING STRATEGY 
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Substructure: 
Renewal of corrosion protection, Repair of spallings, 
holes and concrete pockets, removal of contamination 
of the concrete surface, Deep injection of cracks 
Dewatering: 
Establishing of an effective drainage concept 

DO-NOTHING STRATEGY 
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Substructure: 
Renewal of corrosion protection, Repair of spallings, 
holes and concrete pockets, removal of contamination 
of the concrete surface, Deep injection of cracks 
Dewatering: 
Establishing of an effective drainage concept 

Expansion Joints: 
Proper detailing & design  
 Full replacement (abutment area) 
 Partial replacement (at least seals above the piers) 

DO-NOTHING STRATEGY 

+ 
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Substructure: 
Renewal of corrosion protection, Repair of spallings, 
holes and concrete pockets, removal of contamination 
of the concrete surface, Deep injection of cracks 
Dewatering: 
Establishing of an effective drainage concept 

Expansion Joints: 
Proper detailing & design  
 Full replacement (abutment area) 
 Partial replacement (at least seals above the piers) 

DO-NOTHING STRATEGY 

Superstructure:  
Renewal of corrosion protection, Repair of the concrete 
surface, fatigue cracks, Repair of corroded stringers, 
Replacement of wind bracings 

+ 

+ 
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Substructure: 
Renewal of corrosion protection, Repair of spallings, 
holes and concrete pockets, removal of contamination 
of the concrete surface, Deep injection of cracks 
Dewatering: 
Establishing of an effective drainage concept 

Expansion Joints: 
Proper detailing & design  
 Full replacement (abutment area) 
 Partial replacement (at least seals above the piers) 

DO-NOTHING STRATEGY 

Superstructure:  
Renewal of corrosion protection, Repair of the concrete 
surface, fatigue cracks, Repair of corroded stringers, 
Replacement of wind bracings 

Bearings: 
proper replacement of the bearings 

 

+ 

+ 

+ 

Book-Publication: 

 “IRIS-Industrial Safety & Life Cycle Engineering” 

Publisher: VCE Vienna Consulting Engineers ZT GmbH, 

 Vienna - Austria, 08/2013; ISBN: 978-3-200-03179-1  



LCM model VCE/ÖBB 
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Track system 
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engineering 
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Condition data Condition data 

Inspection 

results 
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results 
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Maintenance 
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Maintenance 
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Drawings Drawings 
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maintenance plan 

Condition prediction 

2025+ 

Condition prediction 

2025+ 
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Ageing models 
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Lastmodelle 
Aus dem IRIS Risikomodell 
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Lokaler Transport (kein Gigaliner) 
Aswan Bridge / Jan. 2013 
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Vergleich von Lastkollektiven mit der Norm 

Dintelhavenbrücke (Holland) 
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Dintelhaven Monitoring: Load Collectives 
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Incheon (KR) Monitoring: Displacement Collectives 
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Lasten an Schrägseilen, Waterford, Irland 
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Verhaltensmodelle 
Aus dem IRIS Risikomodell 

 

 

Excitation

model with

parameters θ
f

System Modeling

Excitation

f

Response

z

System’s

model with

parameters

θ
m

+

Risk consequence

measure h(θ) for

specific excitation &

system configuration

Uncertainty in

θ={θ
f
, θ

m
, θ

c
, θ

i
}: p(θ)

Θ
 Risk h( )p( )dθ θ θ

Risk Quantification

Evaluation through

simulation-based techniques

with potential implementation

of surrogate efficiency

-2

0

2

-2

0

2
0

0.1

0.2

0.3

0.4


 

j
N j

jj 1

j

1 p( )
Risk h( )

N q( )

~ q( )

θ
θ

θ

θ θ
Risk Estimation

Performance

Evaluation model

with parameters

θ
c
 and θ

i



Schwertransporte (bis 500t) Verhalten online prüfen 

SHM of Bridges: Technologies from Monitoring to Asset Management 25  | 



Vergleich der durchgeführten Sondertransporte hinsichtlich Gewicht, dessen Verteilung 

und Lage am Tieflader 
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Schwertransporte (bis 500t) Verhalten online prüfen 
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Schwertransporte (bis 500t) Verhalten online prüfen 



The IRIS Risk Paradigm 

      Time as additional Parameter 
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Ci (t) = CI + an  x ( Si – SI)
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-50% +33% 



LERNEFFEKT DURCH BEOBACHTUNG MEHRERER JAHRE 
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VIF 2013 EINSTEIN 

AP 2 - Input VCE 

31  

ÖBB NETZ – BRÜCKEN - SPANNBETON 2 
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Arbeitspaket 5Richtige Darstellung (Interventionen) 
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Monte Carlo applied to slope-stability analysis 
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Input variables 
Result: 

Risk of failure: 

NSpositive/NS 

Deterministic set of 

equations descr. the 

phenomenon 

Safety factor 

» Propagation of the 

uncertainties. 

» Input are random within the 

range avg ± st.dev 

» Many simulations 

» It works only if the physics 

behind is known 
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Effect of landslides on the dam 

34  | 

Lower slope Higher slope 



RISK CHANGES WITH CLIMATE CHANGE 
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PROBABILITY OF OCCURRENCE 

Symbol Description 

EF Earthflow 

D Debris flow 

W Wawes 

RQ Rongq Gully 

RF Rockfall 

HC Hypothetical case 

SL Small landslide 

A Accumulation body 

L Landslide 

EF 

EF 

EF 

2050 

2100 
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Representation of Risk (refined) 
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Routine  
Maintenance 

Trigger Mechanisms =>  Maintenance Measures 

…………… Strengthening 
Page  
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……………….………………… Heavy Maintenance 1 – Excellent Condition 

2 – Good Condition 

3 – Satisfactory Condition 

4 – Poor Condition 

5 – Critical Condition 

SUPERSTRUCTURE

PARAMTER median

tn = 0

hn (2054) = 20

b0 = 0

t = 45

c = 3

an= 2.19E-04

weighting factor 1.3

Do Nothing

c = 3 Rating

t

0 0.0000 1

1 0.0002 1

2 0.0018 1

3 0.0059 1

4 0.0140 1

5 0.0274 1

6 0.0474 1

7 0.0753 1

8 0.1124 1

9 0.1600 2

10 0.2195 2

11 0.2921 2

12 0.3793 2

13 0.4822 2

14 0.6022 2

15 0.7407 2

16 0.8990 2

17 1.0783 2

18 1.2800 2

19 1.5054 2

20 1.7558 2

21 2.0326 2

22 2.3370 2

23 2.6704 2

24 3.0341 2

25 3.4294 2

26 3.8576 3

27 4.3200 3

28 4.8180 3

29 5.3529 3

30 5.9259 3

31 6.5385 3

32 7.1919 3

33 7.8874 3

34 8.6264 3

35 9.4102 3

36 10.2400 3

37 11.1173 3

38 12.0432 3

39 13.0193 3

40 14.0466 4

41 15.1267 4

42 16.2607 4

43 17.4501 4

44 18.6961 4

45 20 4
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Zusammenfassung 

» Daten immer aufheben (sie sind ein Schatz) 

» Nutzen wir Messungen um unsere Bauwerke 

besser zu verstehen (Monitoring) 

» Forschen und arbeiten wir and verbesserten 

Algorithmen für die Entscheidungsfindung 
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Danke ! Danke ! 

helmut.wenzel@boku.ac.at 


