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WHILST ROBOTS THAT can make people’s 
lives easier with the capacity for near-human 
thoughts and movements have been the dream 
of generations, technology has never been able 
to fulfil these aspirations. It is only recently 
that experts have been able to connect critical 
areas of advanced computing, mechanics and 
engineering, enabling robots to take on some 
truly remarkable tasks. 

A group of researchers based at ETH ZÜrich, 
the Swiss Federal Institute of Technology, has 
been developing climbing robot technology that 
is capable of undertaking specific monitoring 
tasks in challenging environments or hard-to-
access areas. Professor Berhard Elsener, Chair 
of Durability and Corrosion at the Institute for 
Building Materials (IfB), has been working closely 
with internal stakeholders at the Institute to 
develop novel robotic technology specifically 
designed for the infrastructure industry. Known 
as the climbing robot, this technology has 
the potential to significantly change the way 
inspection of key structures is undertaken. 

AN IMPORTANT TASK

Many billions of dollars are tied up in infrastructure 
globally. The deterioration of these assets requires 
periodic inspection and evaluation which can 
be challenging and costly, particularly those in 
difficult surroundings or locations that are hard to 
access. One of the major ways in which concrete 
and steel structures weaken is through corrosion 
of reinforced steel. This can impact a vast range 
of structures – including bridges, power stations, 
water and sewage plants, as well as buildings and 
their foundations – and is a major challenge for 
countries all over the world. 

In Europe, there is growing concern about the 
cost of maintaining or replacing these assets. 
For example, the Federal Statistics Office in 
Switzerland estimates that the repair and 
maintenance of the country’s national highway 
system has increased nearly threefold in just 15 
years. The normal way to inspect these kinds of 
structures is visually, a method that is not always 
able to identify corrosion; particularly the earlier 
onset of this process. By being able to detect 
chloride-induced corrosion in its early stages, 
any intervention and repair could be undertaken 
before it worsens, saving authorities and 
structure owners significant time and costs. This, 
discerns Elsener, is where their climbing robot 
technology has the potential to change the face 
of infrastructure management. 

COMBINING NOVEL TECHNOLOGIES

The robot that Elsener’s group is developing 
is capable of accessing any concrete surface, 
and as such its development has involved 
the merging of some complex technologies. 
Elsener’s colleague Dr Gilles Caprari, based at 

Robotic corrosion monitoring
A collaborative effort has seen the successful development of a highly 
anticipated climbing robot for corrosion monitoring, greatly enhancing 
options for inspection of reinforced concrete structures worldwide

Where will your research team be focusing 
their attention next? 

BE: Patent application and approval is just 
a first step. We will be testing our corrosion 
monitoring system on real bridge structures, 
such as pillars that are several tens of metres 
high, and the underside. All this work will be 
conducted high above ground or even above 
rivers. We need to gain experience with the 
semi-automatic positioning system and the 
movement of the robot, and we also require 
a safety system. Due to the huge amount 
of data we will collect, a computer-assisted 
procedure for evaluation and interpretation 
has to be developed. And then we have 
to implement the robot in the practice of 
routine inspection. 

Can you give an insight into the ways in 
which modern environmental concerns are 
affecting your field?

RF: Cement production is one of the biggest 
single sources of CO

2
 because this material is 

produced in collossal quantities. The industry 
tries to reduce this by using waste instead of 
fuels to produce heat, and using less Portland 
cement clinker; substituting it with secondary 
cementitious materials. For example, in 
Switzerland only about 15 per cent of all the 
cement used is pure Portland cement. This 
is already good, but we need to increase the 
level of clinker replacement within blended 
cement substantially to meet environmental 
objectives. However, there is then a serious 
risk that concrete produced with these 
new cements will not be as durable. But 
the environment cannot wait for us to gain 
decades-long experience with these new 
cements. This raises questions concerning 
how to specify and especially how to control 
concrete quality, both in the plant and on-
site. Our robot could be used in the future as 
an on-site quality control instrument. 

How important is an integrated, 
interdisciplinary approach when dealing 
with the interactions between materials 
and environments?

RF: We believe that it is our main task 
to prepare civil engineers to increasingly 
take responsibility for the durability of the 
structures they will be designing as well for 
the environmental impact of the materials 
they prescribe. Because building materials 
must evolve to minimise their environmental 
impact, practising civil engineers will, during 
their careers, be confronted with materials 
with new or modified properties. To best 
prepare them for this, it is essential to 
transmit the materials science principles that 
will allow them to ask the right questions 
and judge the quality of the responses they 
receive. Our teaching strives to reach this 
objective without neglecting today’s reality.

A prototype has been successfully 

developed which has been 

confirmed to map a surface four 

times faster than the state-of-

the-art procedure, while delivering 

far more information on that 

structure and its condition
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• Theoretical basis 
• Inspection and Monitoring 
• New systems for post-tensioning 
• Use of new “green” cements 
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Steel in alkaline environment of concrete is passive  

Concrete = Cement + water + aggregates + … 
Cement reacts with water  

 

Hydratation:  C3S + H2O  = CSH + Ca(OH)2    

Cement paste (CSH):  nano-porous matrix 
Ca(OH)2 forms alkali reserve 

Passivation: 

In the alkaline pore solution (pH 13) a protective 
oxide film is formed on the steel surface 
(passive film, similar to CrNi steel in water) 
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Corrosion of steel in concrete 

Loss of passivity of the steel due to a decrease in pH or due to chloride attack 

Typical corrosion attack in a bridge 
deck with high chloride concentration 

Chloride induced localized corrosion 

Uniform corrosion with rust formation 

Corrosion due to carbonation 

Note:  very often the localized attacks appear blank, without rust. Visual 
inspection might not reveal corrosion damage (cracks, delamination).  
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The protective passive film can be destroyed by chloride ions 
Condition for occurrence of pitting:    Epit < Ecorr 

Me --> Mez+ + z e- 

O2 +2H2O + 4e- -->  4OH- 

EMe 

Ecorr Potential 

C
u
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en

t 
d
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ty
 

EP 

Active range 

Localized corrosion – pitting  

Passivity 

Epit 
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Condition for the occurrence of localized corrosion  Epit < Ecorr 

System behavior: no fixed “critical chloride content” for occurrence of pitting.   

Ecorr depends on pH, oxygen, time 
-> higher risk after carbonation 
-> higher risk in blended cements 
  

Corrosion potential Ecorr  

Epit decreases with higher Cl- concentr. 
-> higher risk for pitting corrosion 
  

Pitting potential Epit 
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Epit and Ecorr are both not constant but distributed values 

Probability for pitting increases with a broad distribution of the potentials.  

Pitting potential Epit 

A:  aggressive   pH 12.5, 1 M Cl- 

C:  mild,   pH 12.5, 0.4 M Cl- 

More aggressive conditions result 
in well defined Epit 

Corrosion potential Ecorr 

A:  laboratory samples (10) 

B, C:  structures ( > 1000 readings) 
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Chloride induced localized corrosion of steel in concrete 

Typical corrosion attack in a bridge 
deck with high chloride concentra-
tion. Loss in cross section, no rust 
formation ! 

Macrocell corrosion, high local 
current densities.  
Acidification of the pit electrolyte. 

Anode 

Cathode 
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Because no rust is formed cracking and spalling does not occur….  



Total soluble iron (Fe2+, Fe3+) in 
solution of pH 12.5 

Chloride induced localized corrosion of steel in concrete 

Typical corrosion attack in a bridge deck 
with high chloride concentration. 
Loss in cross section, no rust formation ! 

In absence of Cl- ions iron 
oxides are unsoluble in 
alkaline media.  

In presence of a small amount 
of Cl- ions iron oxides are very 
soluble in alkaline media 

A monitoring technique is needed that 
detects this “invisible” corrosion….  

U. Angst, B. Elsener, A. Jamali, B. Adey, Materials and Corrosion 63 (2012) 1069  
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Half-cell potential mapping 

B. Elsener, C. Andrade, R. Polder et al., Materials and Structures 63 (2003) 1069  

The potential difference between can be measured 
 by a suitable half-cell (reference) electrode. 

-> locate the areas of corroding reinforcement.   

Parameters:  size of the corroding area, resistivity,  
chloride content, carbonation, oxygen content.  
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Half-cell potential mapping 

8 wheel electrode single wheel electrode single electrode 

This technique is today state of the art in condition assessment of reinforced 
concrete structures (national and international guidelines)…. 
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It can – in principle – be used also for regular inspection of RC structures 



Difficulty to reach and “touch” the concrete surface….. 

With the result that we still rely on visual inspections only …. 
- “weak spots on weak structures” are not detected 
- Corrosion of the reinforcement is found only when it manifests at the surface 
- Preventive measures cannot be applied in time 
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….. and economic consequences (very high repair costs).  



Costs for restoration of 1 m2 bridge deck  
amounts to 1200 – 1500 €  (CH 2001) 

Age distribution of bridges in Switzerland 
Sunniberg, < 10 years 

Reussbrücke,  50 years 

Bridges – backbone of traffic infrastructure 

Codes of practice:   every 5 year a general inspection has to be performed.  
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Bridge performance 

Inspection is needed to come to a pro-
active approach for repair. 

R. Polder, Workshop “Challenges for Durability”, Zurich 17/18 April 2012 
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Year of construction (bridges NL) 

Huge stock of bridges older than 40 years 
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Age of bridges at first repair 
- 10%  50 years old until repair 
- 50%  70 years old until repair 
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Climbing corrosion detection robot 

-    Vortex system 
- Half cell potential wheel 
- Continuous operation (power supply) 
- Can be equipped with more sensors 

Regular inspections will have much higher quality of information.  
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See    www.ifb.ethz.ch 
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Post-tensioned structures 
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In several cases severe corrosion of the 
strands in the grouted tendons was detected 

 Collapses without warning 

 No established NDT technique 

 

Traditional metallic ducts in more than 
90% of all structures succesful and durable 
over whole service life 
 

Tendons in post-tensioned structures 
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Corrosion of strands 

• Chlorides from environment 

• Stray currents (DC railway) 

• Metal dissolution -> loss in cross 
section 

• Hydrogen embrittlement 

 

Fretting fatigue  

• Fretting between duct and steel 

 

Electrical contact  

• Measurements very difficult 

No information on corrosion protection of the structurally most important 
element for safety and durability 

Situation with metallic ducts 
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The fib approach – protection levels 

Protection level PL3 = electrically isolated post-tensioning tendons 
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Low 3) Medium 2) High 1) Action 

Structural protection layers Structural 

Protection The protection level (type of 
post-tensioning system) should be 
Defined in the design stage based on 
- Structural protection layers  
- Environmental aggressivity 
 

fib bulletin Nr. 33 (2005) prepared at the fib workshop at ETH Zurich (2004) 
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New approach:  Thick wall corrugated polymer ducts 

Enhanced corrosion protection 

Polymers such as PE or PP form a tight 
barrier against the ingress of water and 
chloride ions 

 

Fretting fatigue 

Lower more reliable fretting coefficient 
reduces risk of fretting fatigue 

Important for long tendons 

 

Thick corrugated plastic ducts 

Tight envelope, avoids chloride ingress to 

the high strength steel 
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Avoids stray current on tendon steel 
 
Allows measurements 
Possibility to control and monitor with 
non-destructive techniques 
Enhanced safety and durability 

 

Electrical isolation 

Insulating anchor plates, plastic trumpet for 

anchorages 

Close grout vents, grout inlets 

New approach:  electrical isolation of the high-strength steel 
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MILANO 
LYON 

VERONA 

VENEZIA 

BOLOGNA 

FIRENZE 

GENOVA 

ROMA 

NAPOLI 

TORINO 

18% of the length are viaducts, 

simply supported P.C. spans  

PADULICELLA VIADUCT, ROMA-NAPOLI   

MODENA VIADUCTS, MILANO-BOLOGNA  

Italian high-speed train lines 

In collaborazione con Ing. Maja Della Vedova, Italferr.  European project COST 534 
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Access for inspection (stairs, inspection ways) 

Good drainage (thick waterproofing layer)  

PT tendons (vacuum grouting, HDPE ducts) 

Electrically isolated tendons (EIT) 

1 Segment    32.1 m 

Weight             900 t 

Costs        300’000 € 

 

EIT Tendons 

15 19 wires  ø 100 

9     12 wires  ø 76 

M. Della Vedova, B. Elsener,  paper 115, 2nd Int. fib conference, Naples (2006) 

Piacenza Viaduct, length  5.1 km 

Electrically isolated tendons at Piacenza Viaduct 
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• Measurement of the electrical 

impedance (AC resistance) of the 

system steel strand / grout / plastic 

duct / concrete / rebars 

• Z-1 = 1/ C + R-1 

• Duct is a pure capacitance 

• Concrete and grout resistance 
 

Measurement principle - impedance 

Scope 

Control the electrical isolation - tightness of the ducts 

corrosion protection of the steel strands in the grouted ducts 
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• Measurement of the electrical 

impedance (AC resistance) of 

the system steel strand / grout / 

plastic duct / concrete / rebars 

 

• Z-1 = 1/ C + R-1 

• Duct is a pure capacitance (Rh 

of the duct is very high) 

• Concrete and grout resistance 

• Defect has a very low 

resistance Rd 
 

Measurements – ducts with defects 

Result 

Electrical resistance measurements allow to detect defects in the duct.  

Resistance decreases in presence of defects 

->  diagnostic method 
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M. Della Vedova, B. Elsener,  paper 115, 2nd Int. fib conference, Naples (2006) 

Resistance values 
 

38 segments  x 15 cables 

(19 wires ø 100 mm)  33 m long 

 

• Some scatter between tendons 
 

• ca. 2% short circuits 
 

• ca. 10% of cables that do not 

  fulfill the criteria for isolation 
 

• For each tendon some cables 

  show the maximum (theoretical) 

  value 
 

Results Piacenza Viaduct 

->  Very good success of EIT 
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Evolution of resistance with time (8 

years) 

• Progressive increase due to 

hydration of grout and concrete, 

drying 

• 28 day initial check 

Control and monitoring of the corrosion protection during the whole design life 
of the structure 

Bridge in Switzerland - Prés du Mariage, L = 49 m,  ø 76 mm 
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•  Continuous increase of resistance 

•  Decrease = early warning system 

•  Long term monitoring of structurally 

    most important elements  

• No sensors needed - the tendon under test is 
the sensor 

• Rapid AC resistance measurements at any time 
during service life 

• Quality control of execution 

> Early warning system... 

For the first time the structurally most important elements can be monitored 

Smart post-tensioned structures 
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New “green” cements 
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Cement production 

	
65

70

75

80

85

1990 2000 2005 2006 2007 2008 2009 2010

C
li
n

k
e
r
 F

a
c
to

r
 [

%
]

81.9

71.6

Global cement production will greatly 
increase, making the problem of CO2 
more critical (5% world CO2 production) 

The clinker content in the cements is 
continuously decreasing. Today about 
85% is CEM II (data Switzerland).  

Reducing the clinker content means that less Ca(OH)2 is present in the “green” cements. 
This can be considered as durability problem but also as a challenge.  
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New “green” cements – CEM II 

Data from Switzerland (cemsuisse) 
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Other reasons to use new blended cements 

Decrease the concrete permeability by adding SCM 
• Pozzolanic reaction (cement paste is formed in the pores) 
• Filler effect (limestone)   
• Lower hydration heat evolution 

Pozzolanic reaction 
Pozzolan + Ca(OH)2 + H2O    C-S-H (cement paste) 

Decrease the pH of the pore solution 
• Avoid alkali silika reaction (ASR) 
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Carbonation 

Carbonation of concrete 

Penetration of CO2       
CO2 + Ca(OH)2 ---> CaCO3 

pH value as indicated by phenolphtalein 

viola = alkaline 

In carbonated concrete the pH value 
drops to < 10:   steel depassivation  

Iron oxides (rust) are more voluminous 
then steel: cracking or spalling 

In presence of H2O and O2       
rust products are formed 

Corrosion of the reinforcing steel 



Carbonation rate 
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Penetration of the carbonation zone        d = K * t b  

For ordinary portland cement (OPC) with w/z 0.5 carbonation is no problem, 
high alkalinity due to Ca(OH)2 formation.  

Outdoors, exposed to rain        b -> 0 
(After rain concrete becomes rapidly wet,  
Drying out is a slow process -> ingress of CO2 is 
stopped, carbonation depth limited)  

Outdoors, under a roof             b < 0.5 
(humidity condenses in small pores -> 
ingress of CO2 is temporarly stopped, n > 2) 

Laboratory, constant climate 65% RH     b = 0.5 
(capillary pores open, slightly humid, n = 2) 
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Carbonation rate 

Carbonation depth    d = K * t b                  K   carbonation coefficient  

F. Hunkeler, L. Lammar,  VSS research report 649 (2012)    in German 
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Carbonation of blended cements 

Poses a new (old) problem that had become negligible with CEM I, that is 
corrosion of the reinforcement due to carbonation 
 
Lack of experience 
Reliable accelerate test methods needed 

F. Hunkeler, L. Lammar,  VSS research report 649 (2012)    in German 
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Possible (robust) solution 

Problem of carbonation is the loss of alcalinity, drop of the pH or concrete to 
values pH < 9 and corrosion of the reinforcement 

Choose a more corrosion resistant reinforcement 
Iron 12% chromium alloy (Fe 12%Cr) is passive at pH 7 (without concrete….) 
Corrosion is completely avoided (even at very low cover depths) 

Cr > 12% 

pH 7, no chlorides 
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Challenges for the future of concrete industry 

New “green” cements reduce CO2 emissions but may 
greatly increase the risk of corrosion due to carbonation 
Use of “low cost” stainless steel Fe 12%Cr 

New post-tensioned structures should be built in such a 
way that the protection of the high-strength steels can 
be assessed during the whole service life.  

Huge existing stock of structures becoming older – high 
costs for repair 
Develop a new pro-active repair strategy, inspection 
methods 



How to tackle and resolve “real” problems 

Scientific basis  
mechanisms and 
new materials 
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Engineering approach 
go to practice 
methods, monitoring 

Find solutions for 
durable structural 
concrete 
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Interdisciplinary collaboration 

continuous formation 
Industry 
Associations 

Education 
University 

aicap 



Grazie dell‘ attenzione 
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CONVEGNO NAZIONALE

Pietro Pedeferri e la scuola di corrosione 

e protezione dei materiali al Politecnico di Milano

26-27 settembre 2013  - Aula Rogers   

PROGRAMMA

DIPARTIMENTO DI  CHIMICA,  

MATERIALI  E INGEGNERIA CHIMICA 

“ GIULIO NATTA”

PoliLaPP

Sponsorizzato  da

Con il patrocinio di 

STITUTO L MBARDO
ACCADEMIA DI SCIENZE E LETTERE
I O

Segreteria Organizzativa

PoliLaPP Laboratorio di Corrosione dei Materiali “Pietro Pedeferri” 

Politecnico di Milano - Dipartimento di  Chimica, Materiali e Ingegneria Chimica “Giulio Natta”

Via Mancinelli, 7 - 20131 Milano, Italia Tel: 02.2399.3151 (3152) Fax: 02.2399.3180 email: polilapp@chem.polimi.it

     

Pietro Pedeferri (1938-2008), valtellinese, nato a Delebio 

(SO), si è laureato in Ingegneria Chimica al Politecnico di 

Milano nel 1963. Ordinario dal 1983 prima di 

“Elettrochimica” e poi di “Corrosione e protezione dei 

materiali”, ha fatto parte del Consiglio di Amministrazione e 

del Senato Accademico del Politecnico di Milano ed è stato 

direttore di Dipartimento e membro e ettivo dell’Istituto 

Lombardo Accademia di Scienze e Lettere.

Ha iniziato la sua attività scienti ca nell’ambito 

dell’elettrochimica, per poi passare, alla ne degli anni 

sessanta, al settore della corrosione e della protezione dei 

metalli: a partire dagli aspetti generali, i suoi interessi hanno 

spaziato dai materiali attivo-passivi, alla protezione catodica 

e al calcestruzzo armato.

In quest’ultimo settore ha ideato e messo a punto un nuovo metodo di prevenzione della corrosione di 

strutture in calcestruzzo armato a rischio di inquinamento da cloruri, da lui chiamato “prevenzione 

catodica”, oggi recepito in diverse normative internazionali mediante diagrammi che portano il suo 

nome.  La tecnica è stata applicata al ripristino della Sydney Opera House. 

Dalla ne degli anni sessanta si è dedicato con sensibilità artistica e rigore scienti co all’ossidazione del 

titanio ottenendo straordinari e sorprendenti e etti cromatici che gli sono valsi numerosi 

riconoscimenti, tra cui  il premio “Science pour l’art” nel 1989 a Parigi.

È autore di 25 libri, principalmente nell’ambito della corrosione e protezione dei metalli, della 

protezione catodica, della durabilità del calcestruzzo armato e della colorazione elettrochimica del 

titanio. Ha pubblicato più di 350 lavori a stampa su riviste scienti che e in atti di congressi nazionali e 

internazionali.

 aicap 

Convegno Nazionale:  Pietro Pedeferri e la Scuola di Corrosione e Protezione   26/27 Settembre 2013 

Freie Chloridionen können mit Ionensensitiven Sensoren im Beton zuverlässig bestimmt 
werden. Dies erlaubt das Eindringen der “Chloridfront” zu verfolgen. 

Proben: 
- Beton mit CEM I 
- 42 Tage Nachbehandlung 
- 2 d Ponding / 5 d trocken 
- Ueberdeckung 10 mm 
- 4 Replika, 24 Cl Sensoren  

 Offensichtlich ist auch die “Chloridfront” statistisch verteilt 
 Standardabweichung wird grösser je tiefer w/z Wert 
 Probabilistische Berechnungen werden komplex...  

Diss. U. Angst, NTNU Trondheim (No), U. Angst, B. Elsener, in preparation 



Passive range 

Me --> Mez+ + z e- 

EMe 

Potential 
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EO2 

O2 +2H2O + 4e- -->  4OH- 

Passivation:  Formation of a thin protective oxide film  
Condition for spontaneous passivation: icrit < icat  

EP 

icrit 

icat 

Spontaneous passivation in alkaline pore solution (pH > 12) 

Active range 
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Epit and Ecorr are both not constant but distributed values 

Well defined values distributed values 

p
d

f 

Potential  

p
d

f 

Potential  

Ecorr Epit Ecorr Epit 

For the same pitting probability 
the mean values have to be very 
close 

Relative high pitting probability 
already at high difference of the 
mean values.  

Care has to be taken when transferring results from laboratory to practice.  
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Solution:  higher quality of the information on bridge condition 

single'wheel'electrode'

Cover depth Half-cell potential Resistivity  

With the result that regular inspections allow to … 
- Locate areas with problems (“weak spots on weak structures”) 
- detect problems much earlier 
- Preventive measures save huge amount of money 

<- Tunnelportal Tunneleinwärts ->

0 0
.5 1 1
.5 2 2
.5 3 3
.5 4 4
.5 5 5
.5 6 6
.5 7 7
.5 8 8
.5 9 9
.5 1
0

1
0

.5

unten -490 -470 -300 -460 -470 -480 -595 0 -400 -485 -510 -505 -165 -500 -485 -5 -500 -510 -475 -490 -480 -490 0

-510 -455 -485 -455 -440 -460 -370 -400 -370 -295 -350 -465 -485 -485 -470 -235 -465 -490 -465 -480 -530 -520 0.25

-510 -480 -450 -435 -440 -475 -495 -445 -485 -325 -200 -485 -425 -475 -445 -445 -465 -450 -450 -470 -550 -495 0.5

-530 -505 -430 -430 -440 -465 -460 -485 -470 -135 -300 -465 -220 -440 -440 -440 -475 -440 -435 -490 -495 -440 0.75

-530 -515 -400 -415 -415 -425 -450 -465 -320 -360 -425 -430 -390 -180 -420 -415 -445 -415 -420 -465 -455 -435 1

-525 -510 -375 -420 -425 -435 -410 -410 -350 -410 -435 -420 -375 -175 -400 -410 -445 -415 -415 -435 -440 -405 1.25

-505 -460 -385 -395 -390 -395 -385 -395 -380 -390 -400 -390 -385 -395 -380 -405 -410 -405 -395 -395 -390 -375 1.5

-480 -435 -390 -365 -380 -365 -360 -365 -375 -370 -405 -360 -375 -375 -360 -390 -420 -385 -360 -360 -385 -355 1.75

-470 -415 -420 -375 -370 -335 -330 -360 -370 -360 -330 -330 -360 -360 -330 -330 -305 -310 -325 -315 -315 -290 2

-430 -380 -370 -375 -330 -285 -300 -345 -350 -340 -295 -305 -375 -325 -290 -280 -275 -275 -270 -280 -280 -300 2.25

-465 -355 -310 -290 -260 -250 -255 -260 -265 -265 -265 -290 -395 -285 -255 -255 -245 -245 -250 -255 -255 -300 2.5

-450 -360 -295 -285 -250 -250 -240 -245 -260 -240 -250 -280 -385 -275 -245 -245 -245 -235 -235 -235 -240 -305 2.75

-405 -295 -255 -265 -245 -235 -225 -225 -225 -220 -230 -255 -390 -270 -235 -230 -225 -215 -225 -240 -255 -265 3

-335 -260 -260 -245 -225 -230 -225 -210 -230 -230 -225 -250 -290 -255 -225 -210 -225 -210 -215 -220 -230 -270 3.25

-280 -255 -240 -225 -220 -210 -210 -210 -220 -225 -215 -225 -280 -230 -220 -215 -215 -205 -210 -225 -225 -255 3.5

oben -300 -235 -235 -210 -205 -205 -200 -205 -220 -215 -215 -225 -325 -220 -205 -200 -205 -205 -205 -210 -215 -235 3.75

-305 -225 -235 -225 -205 -50 -185 -210 -210 -205 -210 -220 -235 -210 -215 -195 -190 -210 -190 -195 -190 -230 3.75

-365 -155 -230 -210 -210 -180 -185 -210 -200 -210 -205 -205 -240 -215 -200 -190 -195 -190 -200 -155 -180 -230 4

-370 -110 -225 -205 -210 -215 -200 -220 -230 -225 -200 -205 -225 -235 -195 -195 -195 -185 -190 -190 -175 -215 4.25

-290 -190 -225 -205 -205 -200 -190 -205 -210 -210 -210 -215 -210 -215 -190 -105 -185 -185 -165 -195 -150 -210 4.5

-240 -215 -235 -185 -215 -180 -205 -220 -200 -260 -195 -200 -215 -200 -160 -205 -125 -185 -165 -190 -210 -205 4.75

-230 -215 -240 -215 -5 -205 -190 5 -65 -195 -220 -180 -340 -200 -175 -115 -130 -70 -170 -170 -145 -190 5

-205 -210 -220 -175 -190 -175 -205 -180 -150 -180 -165 -195 -195 -145 -55 -185 -80 -160 -115 -100 -155 -140 5.25

-225 -195 -205 -200 -190 -170 -190 -190 -165 -180 -200 -175 -190 -185 -170 -45 -175 -80 80 -145 -150 -120 5.5

-195 -170 -175 -180 -220 -170 -200 -165 -160 -135 -115 -190 -185 -110 -110 -155 -110 -165 -140 -70 -115 -60 5.75

-170 -160 -185 -210 -210 -155 -275 -150 -145 -135 -165 -150 -240 -170 -135 -140 -125 -130 -225 -150 -125 -75 6

-105 -155 -160 -170 -315 -125 -220 -135 -135 -145 -165 -125 -90 -120 -125 -100 -95 -120 -115 -130 -25 -55 6.25

-110 -150 -145 -170 -215 -140 -210 -115 -130 -150 -160 -50 -125 -120 -135 -60 -120 -130 -115 -125 -95 -65 6.5

-115 -130 -130 -155 -195 -140 -150 -135 -200 -155 -105 -115 -280 -125 -100 -100 -100 -105 -115 -120 -80 -100 6.75

-105 -125 -125 -115 -160 -135 -170 -120 -205 -65 -125 -130 -200 -85 -75 -80 -110 -105 -100 -130 -105 -100 7

-95 -115 -135 -120 -155 -155 -140 -135 -185 -140 -140 -105 -110 -90 -90 -30 -100 -105 -100 -85 -35 -35 7.25

-85 -110 -130 -145 -135 -140 -125 -130 -125 -135 -125 -110 -125 -50 -60 -65 -50 -70 -90 -90 -90 -45 7.5

-105 -115 -140 -160 -110 -110 -115 -125 -100 -30 -60 -120 -175 -115 -75 -50 -90 -65 -50 -115 -100 -40 7.75

-100 160 -130 -145 -105 -130 -100 -120 -110 -35 -55 -110 -130 -75 -50 -80 -85 -85 -85 -70 -90 -80 8

-65 -80 -125 -140 -135 -20 -5 -125 -100 -145 -95 -110 -135 -110 -90 -55 -90 -100 -40 -70 -80 -100 8.25

-75 -80 -145 -150 -125 -110 -70 -125 -115 -135 -130 -125 -155 -110 -75 -125 -75 -115 -40 -200 -50 -45 8.5

-60 -70 -155 -145 -120 -125 -70 -110 -110 -150 -150 -105 -185 -105 -90 -115 -80 -115 -40 -90 -35 -75 8.75

-80 -90 -145 -135 -130 -125 -100 -125 -120 -115 -115 -125 -125 -115 -60 -120 -95 -105 -75 -120 -40 -70 9

-100 -120 -145 -125 -125 -140 -110 -130 -105 -115 -110 -120 -165 -115 -120 -105 -105 -30 -75 -105 -60 -70 9.25

-100 -95 -115 -120 -130 -120 -130 -115 -135 -115 -5 -120 -205 -145 -90 -110 -70 -45 -15 -85 -35 -20 9.5

-85 -90 -105 -115 -125 -120 -75 -120 -115 -115 0 -85 -70 -100 -105 -75 -45 -10 -20 -85 -25 -45 9.25

-100 -100 -80 -100 -125 -110 -30 -95 -105 -110 -50 -115 -125 -70 -55 -85 -20 -55 0 -95 -35 -80 9

-90 -85 -100 -75 -95 -95 -45 -100 -105 -115 -70 -70 -155 -100 -20 -30 -45 5 -10 -90 10 -85 8.75

-85 -90 -75 -90 -70 -95 -25 -50 -100 5 -235 -15 -105 -45 -20 -15 35 5 -30 -60 10 -85 8.5

25 -125 -110 -90 -95 -90 -30 -30 -45 -50 -30 -20 -85 -40 0 30 -45 5 -60 -50 -100 -105 8.25

-110 -120 -80 -90 -70 -75 -75 -75 -150 -50 -55 -90 -265 -95 -30 -30 -50 -25 -50 -60 -45 0 8

-155 -120 -60 -80 -70 -80 -50 -50 -250 -130 -130 -65 -95 -100 -90 -55 -55 -10 -40 0 -20 -35 7.75

-130 -130 -100 -95 -105 -85 -70 -65 -105 -100 -125 -85 -120 -100 -95 -20 -20 -40 -115 -45 -80 -35 7.5

-140 -130 -85 -145 -135 -115 -70 -85 -110 -115 -125 -40 -155 -155 -35 -60 -35 -80 -50 -70 20 -45 7.25

-135 -150 -95 -150 -140 -80 -100 -50 -120 -55 -50 -110 -150 -65 -85 -110 -35 -30 -45 10 -35 10 7

-115 -145 -105 -145 -115 -105 -115 -110 -65 -70 -80 -80 -65 -235 -45 -60 -25 -45 0 -20 -10 35 6.75

-155 -155 -75 -110 -100 -120 -80 -55 -85 -70 -40 -90 -80 -125 -75 -45 -50 -65 -50 -55 -95 -20 6.5

-205 -145 -125 -110 -130 -90 -105 -100 -70 -70 -80 -80 -180 -105 -55 -65 -75 -45 -95 -30 -105 -50 6.25

-230 -160 -100 -125 -140 -100 -145 -130 -135 -110 -115 -100 -95 -150 -90 -75 -105 -85 -100 -115 -115 -75 6

-160 -165 -130 -140 -145 -130 -145 -145 -125 -100 -110 -105 -100 -120 -110 -75 -110 -65 -120 -120 -110 -90 5.75

-220 -165 -140 -155 -130 -140 -140 -140 -135 -140 -135 -110 -55 -135 -100 -95 -95 -125 -110 -105 -120 -95 5.5

-230 -170 -140 -150 -135 -140 -175 -150 -130 -125 -115 -135 -170 -125 -110 -80 -110 -100 -130 -95 -110 -100 5.25

-270 -175 -160 -185 -150 -155 -170 -140 -115 -155 -145 -85 -130 -110 -115 -105 -100 -125 -140 -115 -95 -100 5

-285 -180 -160 -180 -65 -170 -130 -190 -150 -165 -145 -170 -145 -155 -145 -110 -150 -105 -135 -135 -125 -100 4.75

-295 -180 -145 -205 -195 -175 -170 -175 -170 -185 -165 -130 -130 -165 -150 -140 -120 -135 -140 -140 -125 -120 4.5

-290 -200 -185 -210 -195 -155 -180 -185 -190 -180 -165 -170 -210 -150 -190 -120 -150 -160 -165 -150 -160 -125 4.25

-330 -205 -195 -260 -225 -170 -195 -190 -185 -185 -180 -160 -275 -190 -190 -140 -135 -160 -160 -165 -170 -140 4

-390 -220 -250 -295 -250 -195 -205 -195 -190 0 -150 -180 -240 -200 -175 -145 -170 -165 -175 -175 -180 -170 3.75

oben -365 -275 -255 -310 -265 -225 -210 -215 -195 -195 -190 -190 -235 -220 -190 -180 -175 -40 -175 -185 -185 -135 3.75

-415 -305 -275 -305 -270 -255 -230 -220 -200 -200 -205 -200 -215 -200 -190 -185 -180 -180 -180 -180 -185 -140 3.5

-435 -275 -260 -290 -275 -245 -250 -230 -230 -225 -225 -235 -260 -225 -210 -195 -200 -190 -195 -195 -215 -215 3.25

-345 -275 -290 -355 -295 -250 -250 -255 -260 -260 -260 -255 -355 -230 -220 -210 -215 -210 -210 -220 -225 -175 3

-410 -300 -350 -360 -330 -290 -290 -310 -355 -320 -340 -305 -50 -245 -225 -220 -225 -220 -215 -215 -240 -225 2.75

-425 -350 -390 -355 -355 -345 -335 -340 -350 -375 -360 -335 -55 -275 -245 -225 -225 -235 -220 -235 -245 -255 2.5

-485 -415 -360 -335 -370 -350 -350 -365 -325 -390 -365 -380 -375 -360 -270 -255 -230 -240 -235 -275 -270 -250 2.25

-475 -455 -320 -380 -350 -335 -370 -335 -330 -325 -335 -320 -355 -355 -310 -285 -255 -315 -270 -265 -290 -280 2

-515 -480 -355 -355 -380 -380 -415 -345 -325 -335 -335 -320 -325 -375 -370 -325 -315 -340 -320 -305 -325 -350 1.75

-515 -530 -385 -395 -385 -400 -400 -395 -335 -345 -355 -360 -350 -350 -365 -350 -355 -355 -350 -335 -380 -450 1.5

-525 -515 -460 -435 -375 -390 -400 -385 -375 -360 -370 -395 -345 -385 -385 -370 -360 -390 -365 -380 -425 -520 1.25

-490 -500 -470 -435 -415 -405 -405 -440 -395 -370 -365 -355 -350 -355 -365 -390 -375 -375 -390 -425 -475 -470 1

-525 -535 -545 -465 -420 -430 -395 -445 -445 -435 -415 -365 -345 -345 -390 -395 -390 -400 -385 -455 -460 -475 0.75

-535 -535 -560 -505 -465 -480 -425 -430 -445 -440 -450 -380 -370 -380 -400 -345 -400 -390 -435 -440 -495 -510 0.5

-545 -550 -525 -525 -490 -505 -505 -490 -500 -495 -500 -480 -405 -400 -430 -385 -430 -400 -425 -460 -480 -490 0.25

unten -530 -570 -520 -535 -495 -510 -470 -500 -525 -510 -535 -485 -455 -460 -510 -450 -440 -445 -435 -470 -475 -500 0
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Interdisciplinary collaboration 

Implemention in bridge management systems (BMS) needed 
<- Tunnelportal Tunneleinwärts ->

0 0
.5 1 1
.5 2 2
.5 3 3
.5 4 4
.5 5 5
.5 6 6
.5 7 7
.5 8 8
.5 9 9
.5 1
0

1
0
.5

unten -490 -470 -300 -460 -470 -480 -595 0 -400 -485 -510 -505 -165 -500 -485 -5 -500 -510 -475 -490 -480 -490 0

-510 -455 -485 -455 -440 -460 -370 -400 -370 -295 -350 -465 -485 -485 -470 -235 -465 -490 -465 -480 -530 -520 0.25

-510 -480 -450 -435 -440 -475 -495 -445 -485 -325 -200 -485 -425 -475 -445 -445 -465 -450 -450 -470 -550 -495 0.5

-530 -505 -430 -430 -440 -465 -460 -485 -470 -135 -300 -465 -220 -440 -440 -440 -475 -440 -435 -490 -495 -440 0.75

-530 -515 -400 -415 -415 -425 -450 -465 -320 -360 -425 -430 -390 -180 -420 -415 -445 -415 -420 -465 -455 -435 1

-525 -510 -375 -420 -425 -435 -410 -410 -350 -410 -435 -420 -375 -175 -400 -410 -445 -415 -415 -435 -440 -405 1.25

-505 -460 -385 -395 -390 -395 -385 -395 -380 -390 -400 -390 -385 -395 -380 -405 -410 -405 -395 -395 -390 -375 1.5

-480 -435 -390 -365 -380 -365 -360 -365 -375 -370 -405 -360 -375 -375 -360 -390 -420 -385 -360 -360 -385 -355 1.75

-470 -415 -420 -375 -370 -335 -330 -360 -370 -360 -330 -330 -360 -360 -330 -330 -305 -310 -325 -315 -315 -290 2

-430 -380 -370 -375 -330 -285 -300 -345 -350 -340 -295 -305 -375 -325 -290 -280 -275 -275 -270 -280 -280 -300 2.25

-465 -355 -310 -290 -260 -250 -255 -260 -265 -265 -265 -290 -395 -285 -255 -255 -245 -245 -250 -255 -255 -300 2.5

-450 -360 -295 -285 -250 -250 -240 -245 -260 -240 -250 -280 -385 -275 -245 -245 -245 -235 -235 -235 -240 -305 2.75

-405 -295 -255 -265 -245 -235 -225 -225 -225 -220 -230 -255 -390 -270 -235 -230 -225 -215 -225 -240 -255 -265 3

-335 -260 -260 -245 -225 -230 -225 -210 -230 -230 -225 -250 -290 -255 -225 -210 -225 -210 -215 -220 -230 -270 3.25

-280 -255 -240 -225 -220 -210 -210 -210 -220 -225 -215 -225 -280 -230 -220 -215 -215 -205 -210 -225 -225 -255 3.5

oben -300 -235 -235 -210 -205 -205 -200 -205 -220 -215 -215 -225 -325 -220 -205 -200 -205 -205 -205 -210 -215 -235 3.75

-305 -225 -235 -225 -205 -50 -185 -210 -210 -205 -210 -220 -235 -210 -215 -195 -190 -210 -190 -195 -190 -230 3.75

-365 -155 -230 -210 -210 -180 -185 -210 -200 -210 -205 -205 -240 -215 -200 -190 -195 -190 -200 -155 -180 -230 4

-370 -110 -225 -205 -210 -215 -200 -220 -230 -225 -200 -205 -225 -235 -195 -195 -195 -185 -190 -190 -175 -215 4.25

-290 -190 -225 -205 -205 -200 -190 -205 -210 -210 -210 -215 -210 -215 -190 -105 -185 -185 -165 -195 -150 -210 4.5

-240 -215 -235 -185 -215 -180 -205 -220 -200 -260 -195 -200 -215 -200 -160 -205 -125 -185 -165 -190 -210 -205 4.75

-230 -215 -240 -215 -5 -205 -190 5 -65 -195 -220 -180 -340 -200 -175 -115 -130 -70 -170 -170 -145 -190 5

-205 -210 -220 -175 -190 -175 -205 -180 -150 -180 -165 -195 -195 -145 -55 -185 -80 -160 -115 -100 -155 -140 5.25

-225 -195 -205 -200 -190 -170 -190 -190 -165 -180 -200 -175 -190 -185 -170 -45 -175 -80 80 -145 -150 -120 5.5

-195 -170 -175 -180 -220 -170 -200 -165 -160 -135 -115 -190 -185 -110 -110 -155 -110 -165 -140 -70 -115 -60 5.75

-170 -160 -185 -210 -210 -155 -275 -150 -145 -135 -165 -150 -240 -170 -135 -140 -125 -130 -225 -150 -125 -75 6

-105 -155 -160 -170 -315 -125 -220 -135 -135 -145 -165 -125 -90 -120 -125 -100 -95 -120 -115 -130 -25 -55 6.25

-110 -150 -145 -170 -215 -140 -210 -115 -130 -150 -160 -50 -125 -120 -135 -60 -120 -130 -115 -125 -95 -65 6.5

-115 -130 -130 -155 -195 -140 -150 -135 -200 -155 -105 -115 -280 -125 -100 -100 -100 -105 -115 -120 -80 -100 6.75

-105 -125 -125 -115 -160 -135 -170 -120 -205 -65 -125 -130 -200 -85 -75 -80 -110 -105 -100 -130 -105 -100 7

-95 -115 -135 -120 -155 -155 -140 -135 -185 -140 -140 -105 -110 -90 -90 -30 -100 -105 -100 -85 -35 -35 7.25

-85 -110 -130 -145 -135 -140 -125 -130 -125 -135 -125 -110 -125 -50 -60 -65 -50 -70 -90 -90 -90 -45 7.5

-105 -115 -140 -160 -110 -110 -115 -125 -100 -30 -60 -120 -175 -115 -75 -50 -90 -65 -50 -115 -100 -40 7.75

-100 160 -130 -145 -105 -130 -100 -120 -110 -35 -55 -110 -130 -75 -50 -80 -85 -85 -85 -70 -90 -80 8

-65 -80 -125 -140 -135 -20 -5 -125 -100 -145 -95 -110 -135 -110 -90 -55 -90 -100 -40 -70 -80 -100 8.25

-75 -80 -145 -150 -125 -110 -70 -125 -115 -135 -130 -125 -155 -110 -75 -125 -75 -115 -40 -200 -50 -45 8.5

-60 -70 -155 -145 -120 -125 -70 -110 -110 -150 -150 -105 -185 -105 -90 -115 -80 -115 -40 -90 -35 -75 8.75

-80 -90 -145 -135 -130 -125 -100 -125 -120 -115 -115 -125 -125 -115 -60 -120 -95 -105 -75 -120 -40 -70 9

-100 -120 -145 -125 -125 -140 -110 -130 -105 -115 -110 -120 -165 -115 -120 -105 -105 -30 -75 -105 -60 -70 9.25

-100 -95 -115 -120 -130 -120 -130 -115 -135 -115 -5 -120 -205 -145 -90 -110 -70 -45 -15 -85 -35 -20 9.5

-85 -90 -105 -115 -125 -120 -75 -120 -115 -115 0 -85 -70 -100 -105 -75 -45 -10 -20 -85 -25 -45 9.25

-100 -100 -80 -100 -125 -110 -30 -95 -105 -110 -50 -115 -125 -70 -55 -85 -20 -55 0 -95 -35 -80 9

-90 -85 -100 -75 -95 -95 -45 -100 -105 -115 -70 -70 -155 -100 -20 -30 -45 5 -10 -90 10 -85 8.75

-85 -90 -75 -90 -70 -95 -25 -50 -100 5 -235 -15 -105 -45 -20 -15 35 5 -30 -60 10 -85 8.5

25 -125 -110 -90 -95 -90 -30 -30 -45 -50 -30 -20 -85 -40 0 30 -45 5 -60 -50 -100 -105 8.25

-110 -120 -80 -90 -70 -75 -75 -75 -150 -50 -55 -90 -265 -95 -30 -30 -50 -25 -50 -60 -45 0 8

-155 -120 -60 -80 -70 -80 -50 -50 -250 -130 -130 -65 -95 -100 -90 -55 -55 -10 -40 0 -20 -35 7.75

-130 -130 -100 -95 -105 -85 -70 -65 -105 -100 -125 -85 -120 -100 -95 -20 -20 -40 -115 -45 -80 -35 7.5

-140 -130 -85 -145 -135 -115 -70 -85 -110 -115 -125 -40 -155 -155 -35 -60 -35 -80 -50 -70 20 -45 7.25

-135 -150 -95 -150 -140 -80 -100 -50 -120 -55 -50 -110 -150 -65 -85 -110 -35 -30 -45 10 -35 10 7

-115 -145 -105 -145 -115 -105 -115 -110 -65 -70 -80 -80 -65 -235 -45 -60 -25 -45 0 -20 -10 35 6.75

-155 -155 -75 -110 -100 -120 -80 -55 -85 -70 -40 -90 -80 -125 -75 -45 -50 -65 -50 -55 -95 -20 6.5

-205 -145 -125 -110 -130 -90 -105 -100 -70 -70 -80 -80 -180 -105 -55 -65 -75 -45 -95 -30 -105 -50 6.25

-230 -160 -100 -125 -140 -100 -145 -130 -135 -110 -115 -100 -95 -150 -90 -75 -105 -85 -100 -115 -115 -75 6

-160 -165 -130 -140 -145 -130 -145 -145 -125 -100 -110 -105 -100 -120 -110 -75 -110 -65 -120 -120 -110 -90 5.75

-220 -165 -140 -155 -130 -140 -140 -140 -135 -140 -135 -110 -55 -135 -100 -95 -95 -125 -110 -105 -120 -95 5.5

-230 -170 -140 -150 -135 -140 -175 -150 -130 -125 -115 -135 -170 -125 -110 -80 -110 -100 -130 -95 -110 -100 5.25

-270 -175 -160 -185 -150 -155 -170 -140 -115 -155 -145 -85 -130 -110 -115 -105 -100 -125 -140 -115 -95 -100 5

-285 -180 -160 -180 -65 -170 -130 -190 -150 -165 -145 -170 -145 -155 -145 -110 -150 -105 -135 -135 -125 -100 4.75

-295 -180 -145 -205 -195 -175 -170 -175 -170 -185 -165 -130 -130 -165 -150 -140 -120 -135 -140 -140 -125 -120 4.5

-290 -200 -185 -210 -195 -155 -180 -185 -190 -180 -165 -170 -210 -150 -190 -120 -150 -160 -165 -150 -160 -125 4.25

-330 -205 -195 -260 -225 -170 -195 -190 -185 -185 -180 -160 -275 -190 -190 -140 -135 -160 -160 -165 -170 -140 4

-390 -220 -250 -295 -250 -195 -205 -195 -190 0 -150 -180 -240 -200 -175 -145 -170 -165 -175 -175 -180 -170 3.75

oben -365 -275 -255 -310 -265 -225 -210 -215 -195 -195 -190 -190 -235 -220 -190 -180 -175 -40 -175 -185 -185 -135 3.75

-415 -305 -275 -305 -270 -255 -230 -220 -200 -200 -205 -200 -215 -200 -190 -185 -180 -180 -180 -180 -185 -140 3.5

-435 -275 -260 -290 -275 -245 -250 -230 -230 -225 -225 -235 -260 -225 -210 -195 -200 -190 -195 -195 -215 -215 3.25

-345 -275 -290 -355 -295 -250 -250 -255 -260 -260 -260 -255 -355 -230 -220 -210 -215 -210 -210 -220 -225 -175 3

-410 -300 -350 -360 -330 -290 -290 -310 -355 -320 -340 -305 -50 -245 -225 -220 -225 -220 -215 -215 -240 -225 2.75

-425 -350 -390 -355 -355 -345 -335 -340 -350 -375 -360 -335 -55 -275 -245 -225 -225 -235 -220 -235 -245 -255 2.5

-485 -415 -360 -335 -370 -350 -350 -365 -325 -390 -365 -380 -375 -360 -270 -255 -230 -240 -235 -275 -270 -250 2.25

-475 -455 -320 -380 -350 -335 -370 -335 -330 -325 -335 -320 -355 -355 -310 -285 -255 -315 -270 -265 -290 -280 2

-515 -480 -355 -355 -380 -380 -415 -345 -325 -335 -335 -320 -325 -375 -370 -325 -315 -340 -320 -305 -325 -350 1.75

-515 -530 -385 -395 -385 -400 -400 -395 -335 -345 -355 -360 -350 -350 -365 -350 -355 -355 -350 -335 -380 -450 1.5

-525 -515 -460 -435 -375 -390 -400 -385 -375 -360 -370 -395 -345 -385 -385 -370 -360 -390 -365 -380 -425 -520 1.25

-490 -500 -470 -435 -415 -405 -405 -440 -395 -370 -365 -355 -350 -355 -365 -390 -375 -375 -390 -425 -475 -470 1

-525 -535 -545 -465 -420 -430 -395 -445 -445 -435 -415 -365 -345 -345 -390 -395 -390 -400 -385 -455 -460 -475 0.75

-535 -535 -560 -505 -465 -480 -425 -430 -445 -440 -450 -380 -370 -380 -400 -345 -400 -390 -435 -440 -495 -510 0.5

-545 -550 -525 -525 -490 -505 -505 -490 -500 -495 -500 -480 -405 -400 -430 -385 -430 -400 -425 -460 -480 -490 0.25

unten -530 -570 -520 -535 -495 -510 -470 -500 -525 -510 -535 -485 -455 -460 -510 -450 -440 -445 -435 -470 -475 -500 0

0 0
.5 1 1
.5 2 2
.5 3 3
.5 4 4
.5 5 5
.5 6 6
.5 7 7
.5 8 8
.5 9 9
.5 1
0

1
0
.5

W
a

n
d

 W
e

s
ts

e
it

e
 

(b
e

s
c

h
ic

h
te

t)

H
ö
h
e

 a
b
 O

K
 F

a
h
rb

a
h
n
 (

m
)

x-Koordinate (m)

x-Koordinate (m)

W
a

n
d

 O
s

ts
e

it
e

(b
e
s

c
h

ic
h

te
t)

H
ö
h
e

 a
b
 O

K
 F

a
h
rb

a
h
n
 (

m
)

G
e

w
ö

lb
e
 

(u
n

b
e

s
c

h
ic

h
te

t)

H
ö

h
e
 a

b
 O

K
 F

a
h
rb

a
h

n
 (

m
)

huge amount of data elaborate and condense Interpret and rate   

Bridge management system 

Semi-automatic software 
specialists 

structural behavior, experience 
bridge engineers 

Decision making  
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www.corrosioncost.com 

Bridge management – challenges for today and the future 

Huge stock of bridges of different ages 

Optimum time of repair ? 

Condition of the structures 
- Bridge inventory 
- Based on visual inspections 
- Corrosion detected too late 
- ….  

Several constraints 
- Limit traffic interruptions  
- New constructions / replace 
- Budget constraints 
- Repair technologies 
- ….. 
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