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A chloride induced corrosion case
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Sep. 2004

Visual inspection
Structural damages

A Cracking
A Concrete delamination

Beanon the sea sidleft beam)
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_ Nov./Dec. 200:-
On-site tests

In areas without apparent degradationafdiete:

A Determination of concrete cover depth

A Measurementazrbonatiotepth

A Measuremeatcorrosion potentisbT™M C876:91)

A Measurement of corroseRILEMTG154EMC, 2002)
A Measurementrekistivitgf concrete

Measurements at Beams 1, 2 & 4, South pier; South |Abutm

Manuel Saletal. (2005).
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On-site tests Nov./Dec. 200:-

Corrosion potential, corrosion current & resistivity of concrete
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On-site tests Nov./Dec. 200:-

Corrosion potential, corrosion current & resistivity of concrete
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Nov./Dec. 200:
Laboratory tests

Taking cores for testing:

A Chloride content of concrete
A Carbonatiosfconcrete ;
A Compressive strength of cona ¥
A Microscopic analysis

LABORATORIO NACIONAL
@ DE ENGENHARIA CIVIL LNEQ 10



Laboratory tests
Chloride penetration profile
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Conclusions and recommendations
from the tests

Taking into account:
A The advanced stafelegradation of the bridge
A The very depth contamination of concrete with chlori

Bridge replacement was recommended
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Bridge visual inspection
Structural damages
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Bridge visual inspection April 2009
Structural damages
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Safety until replacement ?

A Traffic restrictions
A Speed limit
A Maximum weight
A Avoid traffic over the left beam

A Frequentisual inspections
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Safety until replacement ?

A Critical limit state: bending agpait of the centsphn of lefteam
A According to the Portuguese nationaloedés

A Target reliability ind®x3,8

A Reliability analysis based on prior information
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Basic variables and transformation models

Variable Distribution Parameters

Bending moment due to self-weight Normal pw = 608.2 o=30.2
Bending moment due to additional dead load Normal = 108.4 o= 10.8
Weight introduced by a vehicle wheel Gumbel u=38.0 a=0.56
Concrete strength Lognormal a=10.81 b=10.25
Reinforcing steel strength Normal ©w —460E3 o —=30E3
Residual section index Beta variable variable
Bottom distribution of the 1st layer of reinforcing steel Uniform a = 0.04 b= 0.06
Bottom distribution of the 2nd layer of reinforcing steel =~ Uniform a = 0.09 b=10.13
Structural model uncertainty Lognormal m= V =0.05

1.0
Resistance model uncertainty Lognormal 1.0 V =0.05

Reliability analysis based onmioomation (MChE3,04 <b;
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Sensitivity analysis

FORM Sensitivity coefficients

1%

22% 1%

< 1%

Residual section index

Ires: AGJA
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Bending moment due tevgsijht
Bendingnoment due additional dead load
Weight introduce by a vehicle wheel
Concrete strength

Reinforcing steel strength

Residual section index

Bottom distribution of thkayler of reinforcing bar
Bottondistribution of tB® layerof reinforcing bar
Structural model uncertainty

Resistance model uncertainty
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Bayesian updating of the residual section index

A Collection of information on residual areas of reinforc
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Bayesian updating of the residual section index

A Updatinthe residuakctionndex predictive model
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Reliability analyamng this updated probabilistic nheded: >b-
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