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CAUSES & CONSEQUENCES
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NO SECTOR IS IMMUNE TO CORROSION )I( BlueSpine
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CORROSION CAUSES

3 conditions must be gathered

‘ Presence of an electrolyte
6 Concrete contains enough water (interstitial solution) to enable
the passage of current (even when it seems dry)

- e Presence of an oxidant
6 Dissolved oxygen reacts with electrons released by steel to form
rust (iron oxides)

@ Steel Depassivation
6 The protective film (passive) of steel is destroyed by
1. Carbonation of concrete
2. Chloride pollution
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CORROSION CAUSES )A( BlueSpine
1) Carbonation of concrete
CO, penetration by concrete porosity

Decrease of pH (<9)of interstitial solution

Dissolution of the passive film which initially protected the steel.

Carbonated concrete (pH<9)
Corrosion area

Pot e fWE NeM

New concrete (pHe 13)
Passivation area




CORROSION CAUSES >+ BlueSpine

1) Concrete Carbonation

The depth of carbonation can be assessed by spraying a coloured indicator

The phenolphthalein remainspurple in uncontaminated areas and becomestransparent in carbonated
areas

Carbonatedconcrete I b

Coverconcrete

Uncontaminated concrete




CORROSION CAUSES >+ BlueSpine
2) Chloride Pollution

Sea water (XS2 & XS3)




CORROSION CAUSES
2) Chloride Pollution

Chloride are present in2 forms:

A Free Chlorides: present in the pore solution, they are

responsible for corrosion initiation.

A Bound Chloridesa WHRG WG RAECTGTO! W[ | RIT WOkt W ¢dae WYl W

physically (adsorption on hydrates)

The binding capacity of the cement matrix (sotherm )
depends on concrete composition
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CORROSION CAUSES >+ BlueSpine
2) Chloride Pollution

Chlorides havea strong oxiding effect on steel.
Corrosion initiate when free chlorides reach steel in sufficient quantity in a located area.

This corrosion initiation threshold depends ommultiple parameters (Angst & al, 2011)
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conditions concrete composition 1 conditions Geometry voids
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CORROSION CONSEQUENCES

Service life in 4 periods (Tutti)

Effects of corrosion are similar , whatever its origin (chlorides or carbonation)

Corrosion Rate
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Exponential increase in repair costs
related to damages caused by corrosion
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CORROSION CONSEQUENCES §
Period 1 : Incubation %
Transport of aggressive agents through concrete cover
Incubation
Duration of the period is variable and function of: o

Time

A Exposition
A Concrete cover
A Physicochemical features of the concrete

Aggressiveexternal environment t ®ri eur agres
#1 # I,

i | | J l [ Polluted Concrete

/C
(¢

Uncontaminated Concrete

>x< B [u e S p ine Passivesteel |
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CORROSION CONSEQUENCES s
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Period 2 : Initiation z
5
_ _ _ _ O Initiation
Local dissolution of the protective passive layer (2]
Initiation criterion i Time
A Chloride: chloride concentration > critical concentration (variable) -
A Carbonation : pH< critical pH ~ 9
Aggressiveexternalenvironment ¢ @r i eur agr es
# 1 # I
Polluted Concrete
Initiation criterion exceeded /¢
Chiofide € > Coye (J
Carbonation _?H < PHerie
Uncontaminated Concrete
“ - ctif : |
B'.U eS ine Active Steel Passivesteel
>¢&< P 13



CORROSION CONSEQUENCES ¢
Period 3 : Propagation 2 © Fropagation
S
Galvanic cell between active steeland passive steel:
A Anodicreaction: & & &A  cA
_ _ / Time
A Cathodicreaction:¢c( / [/ tA O 1/ ( -

Aggressiveexternal environment t ®ri eur agres

# 1 # I,
Polluted Concrete
I
Cathodic reaction Anodic Reaction Cathodic reaction t h o(cf/i C
Q
/ ( / && / / ( Uncontaminated
\/C i i U‘ Concrete
)'{ BlueSpine <4 Active Steel®a c t | f Passivesteel
A Steel dissolution Br de | 14



CORROSION CONSEQUENCES g
©
e
] ] S Degradation
Period 4 : Degradation z (4
5
O
Formation of expansive corrosion products
Cracking of the concrete cover / Time
_>
First visible signs of corrosion
A Alert of the project owner
Aggressiveexternal environment
# 1 # I
| Polluted Concrete
: /¢
&«— Concretecracking —
(/
Uncontaminated
Concrete
v Active Steel
1 Passivesteel
>A< Bluesplne Formation of corrosionproducts  dui ts ues cuii uo 15



CORROSION CONSEQUENCES
Period 4 : Degradation

Corrosion Rate

Concrete cover spalling

Loss of load-bearing capacity and ductility I

Degradation

Time

Brittle failure of the structure

f

I

Brittle failure of steel ( c/

Uncontaminated
Concrete

)v( BlueSpine @,

Polluted Concrete
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CORROSION DIAGNOSTIC
Principes & Objectifs

Corrosion diagnostic should be able to:
A Characterize the structure within its environment
A Confirme corrosion pathology

A Characterize this pathology (nature, extent and activity)

Thisinformation is essential to:

A Defining amonitoring program

A Recommending a suitable treatment solution for the
rehabilitation of the structure

A Providinginput data to the repair and treatment of the structure




CORROSION DIAGNOSTIC

Inspection of the structure

-
4 A

Environmental
conditions

Exposure of the facade to weathering

Opened or enclosed environment

_\():_ DN
—

N /

)x( BlueSpine

In practice:

A Directly on the
structure

A Televisual

A Drone

4 )

10% to 20% of the structure according to its
dimensions

Numerical
Representativeness

Example :

10 balconies analysed over a 100 balconies
residence

2 columns over a 20 columns garage

N /

R
/ Bounding of \
the sample

At least one areashowingyvisible
deterioration (for pathology assessment)

At least one area appearing sound (defining
qé6 e GG WiRGRaqLY™N LWaq

il

/
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CORROSION DIAGNOSTIC < BlueSpine

Characterization of steel rebars

Rebarlocator (covermeter)

In practice rebar

A Spacing and diameter of rebars

A Position (concrete cover) - Concrete
A Total steel surface
@ What is it for?
A Assess the extent of the pathology
A Establish the connections to the rebar Gh A A AAA AALAMDMAALL ALY
A Design cathodic protection W
A Reassess the structure ’
TWO METHODS = . Concrete cover
/ A Non-destructive: Rebar locator & Radar
[ A Destructive: localized exploratory openings

17812981 2581 2481308 155 1 1401058151 J 01 381412281 37481 0781358 14311 2 1§13,

Non-destructive inspection (cover meter)

Destructive inspection
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CORROSION DIAGNOSTIC %< BlueSpine

Electrical continuity

In practice

A Reinforcement mapping (rebar locator, radar)
A Exposing and cleaning the reinforcement (concrete chipping)
A Measurement using ahigh-impedance multimeter

What is it for?

A Perform potential mapping surveys
A The proper functioning ofcathodic protection

Exposure of steel and

Multimeter Metallical contact connection with an alligator clip

PasN
4 N

le

3 METHODS :

A Indirect: with a reference electrode
A Direct: between two points

A Polarization: current injection

Concrete

Rebar
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CORROSION DIAGNOSTIC

Potential mapping

In practice
A

Measurement of the potential between the rebar and an
external electrode.

A Preparing the area: bare concrete, damp, nofdripping

A Orthogonal mesh, postprocessing using a specific

software.
E CoM /\/\v
Referenceelectrode | , U
e ngh-llrtr:ﬁe?ance
- voltmeter
What is it for? P L} BN

A Assess and locate the pathology r Equipotential lines

A 1dentify the sampling (origin/pathology activity)
A Potential gradients (pathology activity)
A Exclusion of the uncontaminated areas

Damp Sponge —>

Béton

(V//REF)

Rebarpotential

Armature
E ‘—‘

min
. Electrical connection
Corrosion area 29



CORROSION D IAG NOSTIC _ Core Sampling

Potential mapping

In practice

A Measurement of the potential between the rebar and an
external electrode.

A Preparing the area: bare concrete, damp, nofdripping

A Orthogonal mesh, postprocessing using a specific
software.

Corroded area

Hight (e o r

100

@ What is it for?

A Assess and locate the pathology

A 1dentify the sampling (origin/pathology activity)
A Potential gradients (pathology activity)

A Exclusion of the uncontaminated areas

Potential fmM evl C uCSW)

Width (e oir

Uncontaminated area

)X( BlueSpine



CORROSION DIAGNOSTIC

Depth of carbonation

In practice

A Measurement on a fresh, cleaned fracture surface or on a core sample
A Measurement of the depth of carbonated concrete (coloured indicator)
A Comparison of this depth to the concrete cover of the reinforcement

@ What is it for?

A Acidification of concrete: pH < 9

A All areas in the uncoloured area are carbonated
A Informs us about theorigin and the activity of the pathology

e «—9
o
5 Carbonatedconcrete I b
&
o
g
o
O

Uncontaminated concrete

>V< BlueSpine

Colourd indicator

S

Acidform

Carbonated Concrete p

Transition range Basicform (
( (pH) Non-Carbonated Concrete

Phenolphthalein

al

Thymolphthalein

al

colourless

colourless

€

8,21010,0

€

9,310 10,5
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CORROSION DIAGNOSTIC

Determination of chloride content

In practice

e

Concrete cover

A Measurement of the chloride concentration profile (free & bound chloride)
A Comparison of the profile to the critical threshold

What is it for?

A The initiation threshold varies, in particular, with the type of cement
A Indicates the presence and origin of Cl(endogenous, exogenous)
A Provides information on theorigin and activity of the pathology

Free Chloride

[ | Total Chloride
Cement content
AR R A —
‘ Concrete 0 N
Sawing Assay
‘ ‘ Grinding * 9 €
&

Steel Steel Sieving ag

Sea spray and sea water

Salts & Chlorine of swimming
pools
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CORROSION DIAGNOSTIC

Other measurement: Concrete resistivity

In practice
A Injection of a current and measurement of a difference in the potential
A Resistivity describes the opposition of the concrete to the flow of the current

Equipotential lines |

What is it for?
A Part of the diagnosticevidence
A Allows structural elements to be grouped during zoning
A Essential for thedesign of the treatment

TWO METHODS
A Onsite: Wenner method
A In laboratory: on core samples

)x( BlueSpine

'O
%

—

Current flux lines

—
/
.r'!.' ‘&
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CORROSION DIAGNOSTIC

Other measurements: Vibration analysis

In practice

A Vibrational excitation of the balcony using an impact hammer
A Recordingthe vibrational response followed by dynamic analysis

@ What is it for?

A Corrosion degrades the mechanical connections (flexibility)
A Distinction between sound and degraded balconies
A High-efficiency method: under 15 minutes perbalcony

» 1 plage utile
Ju

I 10a20dB

force N.s

temps s

VA

ueSpine

ompliahce Estimators H1 & H2
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C
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CORROSION DIAGNOSTIC

Recommendations

The whole set of measurements performed enables to recommend themost suitable
treatment.

Corrosion rate

Impressed Current
Cathodic Protection

Galvanic

Cathodic Protection
®

Preventive control
Preventive protection

I v

Cathodic Protection
+

Reinforcement

Time

—>

)x( BlueSpine

e Degradation

e Propagation
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CORROSION TREATMENT >+ BlueSpine

Repair, but how?

Theintervention strategies generally recommended byinspectors B

Traditionnal Corrosion Dechlorination Cathodic
Repair Inhibitors & Realkalination Protection

& & & Y



CORROSION TREATMENT

Traditional repair

£~
(<] Methodology
S

A Removal ofdeteriorated concrete (hammering, chipping tool, hydrodemolition)

A Replacement of severely corroded rebars (EC2 lap slide length)

A Cleaning of rebars- Application of a passivating primer

A Reconstitution of the concrete cover with a repair mortarNF EN 1504)

What sustainability?

Rebar section loss needing steel
addition

Concrete Repair
(source: NF EN 15041L0)

Application of a passivating primer on the
rebars
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