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Abstract  
This paper presents a survey of current methods of identifying corrosion hazard to concrete and 
reinforced concrete structures. As advances in technology are made and our knowledge on diagnosing 
concrete structures increases, new methods, equipment and tests for monitoring the degree of 
corrosion hazard become available. In the paper the relevant investigative methods are divided into: 
nondestructive, semidestructive and destructive ones. Attention is focused on the first two kinds of 
methods and their classification is presented. Also an example of the practical application of one of 
the methods is provided. 
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1. Introduction

The problem of corrosion of concrete and reinforced concrete structures is still the subject of 
research. Corrosion affects both concrete and the reinforcement. Depending on how long and 
in what environment a given structure has been in service, the degree of corrosion may be 
higher or smaller. If corrosion affects the whole structure and is intensive, a risk to the 
operational safety of the structure may arise with the passing of time.

As knowledge on corrosion increases, so does the development of concrete structure 
diagnostics and new testing equipment helping one to diagnose the corrosion hazard to 
structures and monitor the progress of corrosion. 

The diagnostic methods useful for assessing the corrosion hazard and corrosion progress in 
concrete elements can be divided into destructive, nondestructive and semidestructive 
methods. Particularly interesting are nondestructive and semidestructive methods since they 
enable one to determine, in a simple and quick way, how far advanced the corrosion of 
concrete or reinforced concrete is. A classification of the methods is presented in a chart 
shown in fig. 1. The more interesting of the methods are then described and, what may be 
important for the reader, the source references are given. 
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Fig. 1. Classification of diagnostic methods useful for assessing corrosion hazard to concrete 
structures.�

2. Material methods 

As shown in figure 1, the group of material methods comprises: the Rapid Chloride Test, the 
Rainbow Test and the Deep Purple Test. These are very simple methods, but highly useful in 
building practice. 

In the Rapid Chloride Test the amount of chloride ions contained in a powdered concrete 
sample taken from the tested structure is evaluated in situ or in a laboratory. The test is used 
to determine the concentration of chloride ions in concrete constituting the reinforcement 
cover.
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The Rainbow Test and the Deep Purple Tests are used to determine the depth of concrete 
carbonation. A special preparation is sprayed onto the fracture surface of a drill core sample 
taken from the tested structure, or onto the side surface of an exposure. Depending on the 
degree of carbonation, the surface of the concrete assumes a certain colour. By comparing this 
colour with that of the test kit pH reference one can determine the pH of the concrete. 

�

Fig. 2. Rapid Chloride Test kit for measuring chloride ion concentration in concrete.�

3. Electrochemical methods 

This group comprises several test methods deriving from electrochemistry, which have been 
adapted to the complicated conditions prevailing in concrete. Using these methods one can 
noninvasively evaluate the intensity of reinforcement corrosion and identify areas with 
a different degree of corrosion hazard on the surface of a concrete structure [1].

The Wenner method and the direct current method [7] are based on measuring concrete 
resistivity by passing current between electrodes spaced at an equal distance from one another 
and being in contact with the tested concrete surface. The corrosion rate is evaluated on the 
basis of the measured resistivity, which has an influence on, among other things, the transfer 
of chloride ions in concrete. In the Wenner method alternating current with a frequency of 
about 1300 Hz is passed through the two middle electrodes [4], as illustrated by the diagram 
shown in fig. 3. 

Fig. 3.General diagram of testing concrete resistivity by Wenner method and direct current 
method [7]. 
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The PROOVE’it Test [2] is used to test the resistance of concrete to the penetration of 
chloride ions. It is determined how easily chloride ions penetrate into saturated concrete at an 
applied specific electrical potential. 

Fig.4. Schematic showing how sample is connected to test chamber containers filled with 
chemical solutions and to power supply. 

During the test, current intensity is measured. The apparatus automatically integrates the 
curve describing the change in current intensity over time (A/s), whereby the test result is 
displayed in coulombs. The charge values in coulombs are used to classify the concrete 
according to ASTM C1202-91 [10]. The table used to classify concretes depending on their 
permeability to chloride ions is shown below. 

Table.1. Classification of concretes according to their permeability to chloride ions [10].�

Values in 
coulombs Permeability class Typical for concretes 

> 4000 High with w/c>0.5 

4000 - 2000 Average with w/c=0.4-0.5 

2000 - 1000 Low with w/c< 0.4 

1000 - 100 Very low modified

< 100 irrelevant with addition of polymers

�

The Salt Ponding Test [10] is used to measure the susceptibility of concrete to chloride ion 
penetration. During the test the solution which is poured over the sample permeates into the 
concrete through its pores. Pore transmission of the solution from the sample’s wet face 
through its top surface to the dry air takes place, which increases the absorption of the water 
containing chloride ions by the concrete. The concentration of chloride ions at every 1.22 cm 
along the whole thickness of the sample section is determined. 
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�

Fig. 5. Schematic of Salt Ponding Test according to AASHTO T259 [11]. 

The Bulk Diffusion Test is also used to measure the resistance of concrete to chloride ion 
penetration. Chloride ions penetrate, without any external intervention, into the concrete. 
After a certain time the concentration of the ions in the cross section of the tested sample is 
determined.

In the Electrical Migration Test a concrete sample’s permeability to chloride ions is measured. 
The movement of the chlorides is caused by low intensity current. The sample is placed 
between two chambers, as shown in fig. 6. The liquid in the chamber connected to the anode 
is monitored and the concentration of chloride ions in the sample is determined. From the 
change in the concentration of chloride ions in the course of the test one can calculate the 
diffusion coefficient on the basis of which the time after which the reinforcement will begin 
to corrode can be predicted. 

�

Fig. 6. Test chamber used in Electrical Migration Test [11].�

The Rapid Migration Test (CTH Test) [10] consists in measuring the migration of chloride 
ions through a concrete sample under the applied voltage of 30V in accordance with the 
principle shown in fig. 7. The depth of chloride ion penetration is measured by spraying silver 
nitrate solution on the sample’s fracture surface where the reaction takes place. The areas in 
which chloride ions are absent turn brown. The determined penetration depth can be used to 
calculate the coefficient of chloride ion diffusion 
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Fig. 7. Schematic of test chamber used in Rapid Migration Test [11]. 

Pressure Penetration Techniques [10] consist in accelerating the permeation of a solution 
containing chloride ions into concrete by exerting pressure on the solution, as illustrated by 
the schematic shown in fig. 8. This testing of permeability to chloride ions is similar to the 
testing of permeability to water under pressure. The depth of permeability is measured using 
calorimetric methods.

�

Fig. 8. Schematic of Pressure Penetration Test [11]. 

The polarization methods, used to determine the rate of corrosion on the basis of the corrosion 
system’s response, are very accurate measuring methods which supply information about the 
electrochemical state of the reinforcement in concrete. The test results can be used to 
calculate, e.g., the increase in reinforcement surface loss, whereby one can estimate the 
decrease in the load-bearing capacity of a reinforce concrete element in the structure [8]. 

The Linear Polarization Resistance method belongs to the more effective electrochemical 
methods of measuring corrosion. By monitoring the dependence between the electrochemical 
potential and the current generated between the electrically charged electrodes one can obtain 
information about the degree of corrosion. This method is most effective when an aqueous 
solution is used. The method has proved to be quick and effective [9]. 

Electrochemical Impedance Spectroscopy consists in applying alternating current with a wide 
frequency range to the tested electrode (reinforcement). As a result of the sinusoidal 
disturbance of the tested electrode’s potential, an impedance spectrum characterizing the 
response of the corrosion system (the reinforcement in the concrete) is obtained. The 
measured impedance defines the apparent resistance of the electrode (the reinforcement) to 
the alternating current [9]. 
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The Galvanostatic Pulses method consists in upsetting the test electrode’s equilibrium by 
applying a current with a specified strength, which polarizes the cathode electrode. The action 
of the current is limited to a certain short time after which the corrosion system regains its 
equilibrium. During both the action of the current and after the latter is switched off the 
change in the electrode potential over time is recorded [9]. 

4. Exemplary  results  of  PROOVE’it  test 

Concrete drill cores taken from two different road viaducts were tested. Two samples from 
each drill core were marked as: 1/1, 2/1 and 2/2. They were cut from the head of the drill 
cores taken from the side of the viaducts’ girders. Samples 1/1 and 2/1 came from the near-
surface layer while samples 1/2 and 2/2 came from the deeper layer. 

The average compressive strength of the concrete for samples 1/1, 1/2 amounted to 42 MPa. 
Preliminary tests using the Rapid Chloride Test showed no concrete carbonation and the 
chloride concentration in the near-surface layer was slight – below the permissible value. 

In the case of samples 2/1, 2/2, the average compressive strength of the concrete amounted to 
25 MPa. Preliminary tests using the same method as above indicated a carbonation depth of 
18 mm and the concentration of chlorides was exceeded to a depth of 0.5 cm. Deeper, the 
chloride concentration was small – below the permissible value. 

The resistance of the concrete to the penetration of chloride ions was tested in accordance 
with [2] and the obtained results are presented in table 2. 

Fig. 9. PROOVE’it test set with connected four test chambers containing concrete samples 
1/1, 1/2, 2/1,2/2 taken from road viaducts. 

Table 2. Test results for concrete samples taken from road viaducts. 

Sample
number

Average compressive 
strength of concrete, [MPa] 

Charge in 
coulombs

Class of concrete 
permeability

1/1 1775 low 

1/2

42

1063 low 

2/1 962 very low 
2/2

25

847 very low 
�
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The tests showed that concrete samples 1/1, 2/1 taken from the near-surface layer of the 
viaducts’ girders were characterized by lower resistance to the penetration by chloride ions, 
whereas the samples taken from the deeper layer showed slightly higher resistance. All the 
tested samples were classified as belonging to concretes with low permeability to chloride 
ions.

5. Conclusion

A classification of methods useful for assessing the corrosion hazard to structures made of 
concrete has been presented, with special focus on nondestructive and semidestructive 
methods among which material and electrochemical methods are distinguished. The group of 
material methods comprises three methods (tests). The group of electrochemical methods 
comprises 11 methods, including 8 methods based on the measurement of concrete resistance 
to the penetration of chloride ions and 3 polarization methods. All the methods are concisely 
described and an example of the practical use of the Proove’it Test is provided. 
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