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Reinforcement corrosion induces several structural damages which affect the 
serviceability and the safety of concrete structures. The use of sensors can help to 
control and optimize the life cycle and indicate the best time to undertake repair at 
the lower cost. However, results are scarce on the interpretation of the values 
obtained due the difficulty to link them to the climatic changes in temperature and 
humidity. On the parameters to be monitored and evaluated, temperature and 
corrosion potential are the most common although there are other which are also 
very important regarding the prediction of future durability. Thus, strains, concrete 
resistivity (liquid water content) and corrosion rate seems also necessary to be 
monitored if accurate predictions are necessary. 

In present paper, several examples will be mentioned on types of sensors used and 
structures instrumented but a particular example will be extensively illustrated, It is 
the case of a marine structure, the exterior harbour of Langosteira in La Coruña is 
presented in order to illustrate the application of the data of the embedded sensors to 
service life calculations.  
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ABSTRACT: Reinforcement corrosion induces several structural damages which 
affect the serviceability and the safety of concrete structures. The use of sensors can 
help to control and optimize the life cycle and indicate the best time to undertake 
repair at the lower cost. However, results are scarce on the interpretation of the 
values obtained due the difficulty to link them to the climatic changes in temperature 
and humidity. On the parameters to be monitored and evaluated, temperature and 
corrosion potential are the most common although there are other which are also 
very important regarding the prediction of future durability. Thus, strains, concrete 
resistivity (liquid water content) and corrosion rate seems also necessary to be 
monitored if accurate predictions are necessary. 

In present paper, several examples will be mentioned on types of sensors used and 
structures instrumented but a particular example will be extensively illustrated, It is 
the case of a marine structure, the exterior harbour of Langosteira in La Coruña is 
presented in order to illustrate the application of the data of the embedded sensors to 
service life calculations. 
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1 INTRODUCTION 

Durability of reinforced concrete is being a priority matter due the huge economical 
consequences and the need to preserve natural resources. Monitoring of the structural state is 
then one of the subjects which should be developed in a simple and non costly manner in order 
to increase the safety, to lengthen the service life and to improve the value of investments in 
reinforced concrete infrastructures. The use of sensors in concrete structures is a relatively new 
subject for the aspects realted to reinforcement corrosion Vennesland et al. (2007). Corrosion 
and related sensors are installed in some critical structures and in those subjected to cathodic 
protection. The main problem arises in the management of the huge number of data and on the 
interpretation of the results because all corrosion parameters are affected by changes of 
temperature and moisture and because the service life models are based in the arrival of the 
chloride front. 
 

The techniques more commonly used for corrosion monitoring are: 1) the measurement of the 
corrosion potential which is only qualitative and in real structures may not be very informative 
and 2) through the detection of the depassivation of small coupons embedded in the concrete 
cover in which the current between that more in the exterior and those in the interior are 
registered, when the external coupon corrodes due to the arrival of chlorides, the current 
increases. These two techniques do not give the actual corrosion produced in the main 
reinforcement and then they do not satisfy the need of having the steel loss due to the corrosion. 
The only technique able to give the metal loss is the Polarization Resistance, Rp, Andrade et al. 
(2004), Andrade et al. (1978) which has the difficulty of its measurement in real large 
structures. When the main reinforcement is of semi-infinite size the current applied to measure 
the Polarization Resistance reaches distances from the application point (named critical length) 
that is not a fixed value but changes in each structure and humidity condition. Then, two 
strategies are feasible: 1) to calculate in each case that critical length and use it to standardize 
the corrosion rate Andrade et al. (2004) or 2) to electrically confine the current through the use 
of “guard ring” Andrade et al. (2004). The Polarization Resistance is inversely proportional to 
the corrosion rate which when integrated through a period of time gives the Accumulated 
Corrosion or loss in cross section of the bar. This loss enables to calculate the possible 
deterioration consequences (cracking, loss in bond, etc) of the corrosion and then, the service 
life of the structure CONTECVET IN30902I (2001). In present lecture some cases of structures 
that have been instrumented are presented with the indications on the use of the results for 
service life management and in one case the model based in the monitoring of resistivity has 
been applied which enables continuous updating of the service life. 

2 EXPERIMENTAL 

2.1 Type of embedded sensors  

The type of embedded sensors used can be observed in ¡Error! No se encuentra el origen de 
la referencia.. Depending on the structure in which they are going to be installed (new 
structures or existing structures), different group of sensors able to be attached to the concrete 
surface or embedded inside the concrete cover have been designed. The working electrode is the 
main reinforcement or small coupons of the same type of steel (see figure 1B). For the 
resistivity two parallel bars can serve if the arrangement is geometrically calibrated. In figure 
1B we have used a two “leg plug” of stainless steel bars.  For the Corrosion potential we use a 
Mn/MnO2 electrode, and for the temperature and concrete strains there are commercial 
electrodes. Each group installed is composed of different electrodes depending on the 
parameters to be measured, in general for corrosion monitoring it is necessary to measure: 
corrosion rate, resistivity, corrosion potential and temperature, although it is also very 
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informative to measure concrete strain and liquid water content or relative humidity. Some of 
these sensors can be “passive” in the sense that they produce a potential difference that is simply 
recorded, but the corrosion rate and the resistivity need  that the sensors is externally powered to 
give as response the interested information.  

 

A)  B)   C)  

Figure 1 A) Embedded electrodes for corrosion measurements installed in a pier in the south of Spain. B) 
Electrodes installed in another harbor in the North of Spain. C) Sensor installed in a bridge. 

 
In the other hand there are other sensors (passive sensors), which don’t need any impulse or 
electrical activation, and the parameter can be recorded directly through a data-logger. This is 
the case of corrosion potential sensors or water content sensors, which measure the difference of 
potential between the rebar and a reference electrode (in the case of corrosion potential sensors), 
or the potential variation between two metals embedded in mortar (water content 
determination).  Ti, Mn/MnO2, Ag and Pb are the most used reference electrodes for the 
corrosion potential evaluation.   In all the group of sensors, a commercial temperature sensor is 
also installed.  

2.2 Thechniques 

The main techniques used for the corrosion measurements are: the Corrosion potential, Ecorr, the 
resistivity and the Polarization Resistance which gives the corrosion rate Icorr.  The corrosion 
potential is the free potential measured with respect to a reference electrode Elsener et al. 
(2003). In real structures a potential mapping can help to identify the areas where active 
corrosion is taking place. The resistivity, ρ indicates the degree of moisture content of the 
concrete Andrade et al. (2010), Polder et al. (2000) which is related to the corrosion rate through 
the expression: Icorr= 3⋅104/ ρe. The Resistivity can be also used for the initiation period,ti, 
through the expression where rCl,CO2 is the Reaction factor and FCl,CO2 is the exposure class 
factor: ti= c2⋅ρe⋅rCl,CO2//FCl,CO2. With respect to the Polarization Resistance, Rp, it is the only 
quantitative parameter able to calculate the corrosion rate through the expression Icorr= B/Rp 

where the Rp is expressed in KΩ.cm2 and B is a constant resulting from a combination of the 
anodic and cathodic Tafel slopes. For concrete measurements the recommended value of B is 
26mV. The standard units of Icorr are µA/cm2. In large structures the value is affected by the 
difference in size between the counter electrode and the area of reinforcement polarized by the 
current applied. Then, it is necessary to follow one of the two previously mentioned strategies: 
1) to calculate the critical length (through the attenuation of potential method Andrade et al. 
(2004) or any other) or 2) to confine the current with a “modulated guard ring” Andrade et al. 
(2004). In each structure a different method is used which will be commented later. 

2.3 Structures monitored  

Several structures that are monitored are presented in figure 2. Not all of them will be described 
here. The structures whose results are presented are: A) A reinforced concrete container for 
radioactive waste storage, B) a bridge in the south part of Spain, C) The roof of El Prado 
Museum and D) The Zarzuela Racecourse in Madrid, structure designed by E. Torroja in 1934.  
In present lecture however the last experience in a harbour will be presented. 
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                A                               B                                 C                                 D 
Figure 2 Examples of structures monitored in Spain. 

The harbour of Langosteria- La Coruña is located in the Atlantic northwest of Spain and is one 
the largest in the world where 3.5 million m3 of concrete have been placed. A view of the 
harbour in its present state of construction is given in figure 1. The concrete production planned 
is of around 3.5 million tons. The main structures being built are: the caissons for a dock figure 
3, the breakwater composed of a wall protected by very large concrete cubes disorderly placed, 
figure 4. 

  

Figure 3 View of the super-harbour Langosteira and a detail of the caissons being placed aligned for the 
dock. 

The sensors used (see figure 1.B) are able to collect data of: temperature (a commercial 
thermocouple), corrosion potential Andrade et al. (1978) consisting in a Mn/MnO2 reference 
electrode, resistivity by means of a two parallel stainless steel bars  and two coupons of 
reinforcing bar for measuring the Polarization Resistance, Rp.  A connection to the main 
reinforcement is also made for the sake of comparing its potential to that recorded in the two 
small bar coupons. 

 

 
Figure 4 Left and left-centre: small wireless corrosion meter, radio transmitter and photovoltaic panels to 
power the communication system. 

For the measurement techniques we produced a small wireless portable corrosion meter based in 
a potentiostat (figure 4 left side). It carries out all the mentioned techniques: corrosion potential, 
polarization resistance by means of a galvanostatic pulse registering the potential during 100 
seconds and resistivity through the ohmic drop of the galvanostatic pulse. Also this corrosion 
meter can measure other techniques as the temperature and the deformation (vibrating wires or 



5th International Conference on 
Structural Health Monitoring of Intelligent Infrastructure (SHMII-5) 2011 
11-15 December 2011, Cancún, México 
 
 

- 6 - 

accelerometers). It is connected to a single set of electrodes. which is able to transmit the data 
by radio (figure 4 centre-right side) during casting and hardening. The data are sent via Internet 
through a commercial mdatalogger which is powered by photovoltaic pannels (see figure 4 
right) to a web site where they are plotted and analyzed. 

3 RESULTS AND DISCUSSION 

Figure 5 shows some results of the corrosion rate of the main reinforcement and of the 
resistivity of the concrete.  The corrosion rate is maintained below the corrosion thershold of 0.1 
µA/ cm2 and the resistivity increases with time as pepected being estabilized around 10KΩ⋅cm.  
From this resistivity, taking into account that the cover depth is of 5 cm it is possible to 
calculate the time to corrosion initiation by means of the model previously mentioned. The time 
for the corrosion onset is of 50 years considering that the rCl= 1,6 due to teh type of ecemnt used 
is a type II and applying a esposure class factor FCl  of  20 cm3kΩ/year.  This calculation not 
only to calculate the residual life and teh time of corrosion propagation but to conituously 
updating the data.  

   

Figure 5 Left: corrosion rate of the main reinforcement and Right: evolution of resistivity of the concrete 
with time.  

 

4 CONCLUSIONS  
The placement locations of sensors in concrete structures need to be carefully designed in order 
to avoid collecting numerous data of difficult management. The challenge in large structures is 
the survival of the cabling during concreting and the transmission of data from the time of 
casting. The recording of the resistivity enables to calculate the Service life and update 
continuously the expected time to corrosion. 
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