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Exercise 2: Probability of depassivation (carbonation) 

Case study of the St. Anthony’s Church in Basel 

 

Background and objective 

The St. Anthony’s Church (Sankt Antonius Kirche) in Basel was built in 1926. Its framework 
and the frames of the stained glass windows are made of reinforced concrete. The concrete was placed 
by tamping or using rods (vibrators did not yet exist at that time), https://www.e-
periodica.ch/cntmng?pid=sbz-002:1927:89::378 . 

According to: https://www.antoniuskirche.ch/ueber-uns/kirche 

"It was built in the years 1925-1927 according to the designs of the Swiss architect Karl Moser 
in formwork-rough exposed concrete. It is thus the first church in Switzerland to be built using this 
method." 

 

  

https://commons.wikimedia.org/wiki/Category:Antoniuskirche_%28Basel%29 

 

A measurement campaign to characterize the concrete cover over the reinforcement bars and the 
depth of carbonation was carried out in 1983. The results of these measurements, their location and 
the corresponding statistical values are given in Appendix I. 

The aim of the exercise is to assess the phenomenon of carbonation and likelihood of 
depassivation in a reinforced concrete structure and its evolution over the years with a probabilistic 
approach. 
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Answer the following questions using the statistical values given in Appendix I (mean and 
standard deviation of the carbonation depth and the cover thickness for the entire structure, all points 
combined) and the method described in Appendix II. 

Question 1 

Determine the characteristic coefficients μ10 and σ10 of the stochastic process describing the 
evolution of the carbonation depth as a function of time for the whole structure. 

Question 2 

Determine the frequency distribution of carbonation depths for the entire structure at 57 years 
age according to the normal law given in equation (3) Appendix II (calculation with 13 classes: from 
0 to 130 mm, bin size = 10 mm, number of measurements = 102). Compare with the histogram of the 
measurement values shown on figure 2 a), Appendix I. 

Question 3 

Determine the frequency distribution of carbonation depths for the entire structure at 20 and 57 
years age according to the normal law given in equation (3) – Appendix II (calculation with 10 
classes, bin size = 10 mm, from 0 to 100 mm at 20 years and 0 to 130 mm at 57 years age). Compare 
with the concrete cover thickness distribution according to the normal law given in equation (4), 
Appendix II. What is the likely probability of depassivation at 20 years age? 

Question 4 

Determine the probability of depassivation for the entire structure after 2, 5, 10, 20, 40 and 57 
years of age after equation (7) – Appendix II and Appendix III. 

Question 5 

Discuss the calculation assumptions and the results obtained. What is the advantage of a 
probabilistic method compared to a deterministic one for assessing the risk of depassivation? 
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Appendix I: St. Anthony’s Church in Basel, characterization of the carbonation of the concrete 
and the thickness of the concrete cover of the reinforcement bars.  

Location map of the measurement areas (only outside) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location map of the measurement areas. Turm = Tower, 
Chor = Choir, Empore = Mezzanine, Kapelle = Chapel, Schiff = Nave – 

Aisle. 
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Carbonated depth 

Table 1: Mean and standard deviation of the carbonated depth in the different zones (in 1983, 
at 57 years age of the building). 

 

 

 

 

 

 

 

 

 

 

 

 

 

     a)        b) 

Figure 2: Histogram of the statistical distribution of: a) carbonation depth in 1983 after 57 
years and b) concrete cover, for the whole structure, with 102 measurements for the depth of 

carbonation and 15 measurements for the concrete cover. 

 

 

Zone Mean [mm] Standard deviation [mm] 

West façade 48 24 

East façade 39 26 

North façade 34 9 

West façade - Portal 36 15 

Bell tower – West side 31 15 

Bell tower – East side 40 12 

Bell tower – North side 67 29 

   

Whole structure 43 23 
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Appendix II: Probabilistic modeling of the evolution of the carbonation depth and the 
probability of depassivation as a function of time. 

The classical deterministic modeling of the evolution of the carbonation depth as a function of 
time is of the type (where K is a coefficient depending on the quality of the cover concrete and the 
exposure, and d is the average carbonation depth, at time t): 

d K t=         (1) 

According to Sentler (1984), the advancement of the carbonation front can be modeled 
probabilistically, using a normal law with characteristic parameters (mean μ1 and standard deviation 
σ1) depending on time t as: 

4
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In this case, the shape and position of the statistical distribution of carbonation depth values is 
time dependent. Accordingly, this statistical distribution shifts and deforms over time. For a time t, 
the frequency f1 of the carbonated depth d is: 
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One recognizes the characteristic form of the distribution function of the normal law, with the 
difference that the mean and the standard deviation are functions of time. 

The statistical distribution of the reinforcement cover thickness c remains constant over time, 
with μ2 its mean and σ2 its standard deviation. This statistical distribution is assumed to follow a 
normal law of frequency f2(c, t): 
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As a deterministic criterion for depassivation, it can be assumed that "the carbonated depth is 
greater than or equal to the concrete cover of the reinforcement bars", i.e.:  

d  c                (5) 

In probabilistic terms, the same criterion can be used. It then applies to random variables: 

p(d  c)               (6) 

Finally, from equations (3), (4) and (6), it can be shown that the probability of depassivation as 
a function of time is: 
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where z(1,0) is the normal reduced variable. 

The calculation of the probability for a reduced normal variable can be made using the numerical 
values given in Appendix III. 
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Appendix III: Areas under the reduced normal curve between 0 and z. 

 

 


