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1. The CorroMap Kit 

 

The CorroMap is delivered in a yellow water tight box, cf. photo below. The following 
items are included in the CorroMap box: 

 

PSION Hand-held computer with installed FORCE CorroMap software and connecting 
terminals for the handheld  measuring head and the reinforcement contact. 

Charger, 110/220 V AC 

Special USB cable for data transfer  

Handheld measuring head for measurements of half cell potentials (HCP) AC-Resistance 
and  corrosion current/corrosion rate. 

Two spears for establishing reinforcement contact 

Two cables for connecting the reinforcement to the terminal. “Adjustable clamping pli-
ers for reinforcement contact. 

Cable drum with extension cable for reinforcement connection 

Two sponges for electrodes. 

Multimeter to check reinforcement inter connection 

Container with demineralised water, for the reference electrode when stored. 

CD with Operation Manual for the CorroMap™ equipment. 

 

The following, non included, additional items are required on-site.  

 

An accurate device for locating the reinforcement. This could be a cover meter or a GPR 
(Ground Penetrating Radar). 

Crayon for marking the location of the reinforcement 

SDS Hammer drill for establishing reinforcement contact 

A garden spray pump with a sufficient amount of tap water. 
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2. Introduction 

The CorroMap○R  is a state-of-the-art device for measuring and mapping the half cell po-
tential (HCP), the AC resistivity and the corrosion current/rate on steel reinforced con-
crete structures. 

 

The half cell potential (HCP) or electrochemical potential is measured as the potential 
between the reinforcement and an Ag/AgCl reference electrode at a specific point over 
the reinforcement. The potential is measured in mV.  

The resistivity is measured between the reinforcement and the zink counter electrode 
placed on the measuring head. The resistivity is measured as the AC resistance.  

 

The galvanostatic pulse measurement technique used for determination of the corrosion 
rate is a fast polarization technique for determination of the actual corrosion rate at the 
time of testing. The technique was originally developed because Half-Cell Potential 
(HCP) measurements on wet and semi-wet constructions were difficult to assess due to 
lack of oxygen resulting in erroneous results. When the Galvanostatic pulse measure-
ments are performed the HCP, the Corrosion Rate and the Resistance are determined, all 
in one operation. 

 

2.1. Selecting the proper measuring method 

 

Pulse measurements are valuable inputs for service life estimations and contribute to op-
timising the planning of the maintenance thus saving money on repair. 

 

Half-Cell Potential (HCP) measurements are 5 times faster to perform than the pulse 
measurements. Therefore on dry and semi-dry structures it is an advantage to use the 
HCP to locate the corroding areas. After the areas with corrosion have been detected use 
the GalvaPulse technique can be used for further evaluation of the corrosion activity. 

 

On wet chloride contaminated structures the GPM is the only method, which can be used 
to locate corroding reinforcement, as the ”corrosion products” will be soluble and there-
fore not cause the cover layer to crack. In such cases corrosion can proceed without be-
ing noticed for years. 

 

Both methods may be verified with chemical analyses and break-up in some locations 
and in some cases with NDT-testing. Recommendations as to where the methods are ap-
plicable are tabulated in table -1 on page 17. 

 

3. Operation instruction of the PSION Workabout Pro○3  computer 

3.1 Installing or changing the battery 

The Psion terminal comes with an extra battery. When delivered from FORCE Technol-
ogy one of the batteries is already installed and it only needs to be charged before start-
ing measurements.  

The battery is changed by flipping the terminal backside up. 

Remove the handle by pulling the steel clip away from the recess.  
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Turn the two locking screws so that coin slits are parallel to the long side of the terminal. 

Now, open the plastic lid, which is hinged on the far side. 

The battery is wedged down with the connecting terminal pointing downwards.  

The battery is removed by wedging the far side up, freeing the battery from the termi-
nals. 

 

3.2 Charging the battery 

The battery may be charged while installed in the PSION terminal.  

The charger is connected to the round terminal at the lower end of the PSION. 

The battery is fully charged after 5 hours. 

 

3.3 Turning on the PSION 

The PSION is turned on by pressing the red Turn ON//OFF button in the lower left cor-
ner of the key pad.  

Alternatively the PSION can be turned on by pressing and holding the Enter button for 3 
sec. 

 

3.4 Turning off the PSION  

To turn off the Psion terminal use one of the following procedures:  

Press the blue FN button then press the Enter button. 

Alternatively, press the On/OFF button in the lower left corner to shut the system down 
using the standard windows procedure.  

Press the red Turn ON//OFF button in the lower left corner of the key pad.  

 

3.4 Using the PSION terminal and power save operation 

The PSION terminal is working almost like ordinary Windows based software. 

The touch pen may be used to open and close programs and to access scrollbars inside 
the individual programs.  

 

The main characters, digits and function keys are marked with white. Special operators 
/functions are marked above the individual keys with either orange or blue letters. The 
secondary functions are accessed by first pressing either the orange or blue FN key next 
to the arrow keys in the upper part of the key pad.  

 

The arrow keys can be used to  move the cursor or activate the window inside the pro-
grams in the ordinary manner.   

 

The PSION has a built in power save which means it will power down after a relatively 
short time interval. Data obtained previously will be stored in the RAM, which means 
the data is not lost.  The PSION is reactivated by pressing the SPACE above the arrow 
keys and measuring can recommence.  

 

Important: To save power when the system not is used, close the CORROMAP soft-
ware by pressing the close button in the upper right corner before the terminal is 
switched off. 
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If the terminal is set in standby mode it will be discharged after 1-2 days. If the terminal 
is set in suspend mode, it will be discharged after 18-19 days. 

 

3.5 Starting the CorroMap program and user interface: 

To start the CorroMap program  double tab the CorroMap icon at the desktop twice with 
the touch pen or move the active window to the icon by pressing the TAB key.  

The programme will be ready for measurement right after start-up, but the measured data 
is however only stored in the RAM. If the program is turned off or in case of low battery, 
this data will be lost. Hence it is recommended to follow the approach given in the fol-
lowing section.   

The user interface is based on standard windows operations: 

 

 
 

The user interface is divided into two parts - a control area and the graphic data grid. 

In the control area (1-6): 

 

Display for continued potential measurement 

Comment dropdown box  

Standard deviation bar 

Measurement display selections buttons 

Information and result display  

Contact indicator 

 

In the graphic data grid (7): 

Row and columns for colour representation of the measurements. 

Each colour represents an interval of measurement values. 

By selecting Show-Colour a colour scale is displayed depending on the actual meas-
urement type. 
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To view potential measurements tab the Potential button in the control area. 

To view resistance measurements select the Resistance button in the control area.  

To view corrosion current measurements select the Pulse button in the control area. 

 

By selecting Show-Zoom the number of rows and columns are decreased and the meas-
urement values are displayed as numbers in each cell. Potentials are displayed in mV, re-
sistance in kOhm and corrosion current as μA/cm2. 

 

 
 

4. Setting up the CorroMap for HCP measurements – datafiles 

To start a new measurement with a safe storage of data, data must be saved in a file. It is 
possible to set up the system for “continues data saving”, which means that every time a 
measurement has been performed, the data is stored in a file. 

 

When the program opens up the following window will appear: 
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Select File-New this will create a new project. 

 

Enter a valid filename consisting of the letters a - z, A - Z and the numbers 0.-.9. It is not 
possible to use file names that include: Space, \ , / , : ,  # or other special characters. 

 

Attention! When entering a new filename all previous non saved measurements will be 
removed from the RAM memory. 

 

If data has been acquired before creating a new filename, the data can be saved by using 
the function “Save As” when the dialog is displayed. Enter a valid filename. To secure 
the file even after a cold boot select a location at the Flash Disk. 

A message will appear if the user selected a location, which is not at the flash disk. 

 

 
 

When then filename has been entered the setup for trigger and grid menu appears. 
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Auto trig determines if the measurement is made manually (No checkmark) or automat-
ically (Checkmark). The auto trig function can be activated and deactivated during 
measurements by pressing the “T” on the key pad. 

 

Manual trigger: A measurement is started when the user double-clicks one of the trigger 
buttons. Poor contact between probe and concrete surface is ignored. The trigger buttons 
are located on the side of the PSION or by pressing the space bar above the arrow keys.  

 

Autotrigger: A measurement is started when the good contact is fulfilled. A good con-
tact is defined by the program as a combination of contact resistance below 50 kOhm 
and standard deviation of the potential measurement below the level set by the user by 
adjusting the sliding bar, or entering a number between 0-100 in the box next to the auto 
trigger check box.  

 

By default the standard deviation level is set to 35. A high value makes the contact easier 
as the system accepts larger deviations.  

 

Attention: To avoid multiple measurements at the same spot the measuring probe must 
be clearly removed from the concrete surface (resistance > 50 kohm) to be ready for the 
next measurement. 

 

Xmax sets the number of columns in the graphic data grid and the maximal number of 
measurements in horizontal direction. 

 

Ymax sets the number of rows and the maximal number of measurements in vertical di-
rection.  

The Xdistance and Ydistance setups define the distance in centimetres between the 
measuring points in the grid.  

 

 
Measuring points marked as red dots 

 

By putting a check mark in “Auto Increment” the system automatically steps forward 
one step after a measurement. Different patterns may be selected by check-
ing/unchecking “Snake pattern”, “Horizontal/Vertical” button and the four start point 
buttons (lower left, lower right, upper left and upper right). The default is linear horizon-
tal pattern starting in lower left corner. Below are some examples of different patterns. 
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Horizontal linear pattern starting in low-
er left corner 

Vertical snake pattern starting in lower 
right corner 

When all settings have been applied press accept. All information about grid setup, auto 
trigger etc will be saved in the data file. 

 

5. Setting up the CorroMap for corrosion rate measurements 

The general setup for pulse measurements follows the setup for HCP and resistivity 
measurements, which will also be recorded when measuring the corrosion rate. 

 

A filename is defined and the general parameters regarding auto trigger, number of col-
umns, rows and the distance between the individual measuring points are filled in and 
the setup is accepted.  

The Setup window is activated and the pulse drop down menu is chosen.   

 

 
 

The Length of the rebar corresponds to length of the rebar under the counter electrode 
(zinc ring). The diameter of the zinc ring is 60 mm, unless another counter electrode is 
used. 

The rebar diameter varies from situation to situation, and therefore it is necessary to 
measure the diameter in either the rebar contact hole or by a cover-metre, if possible.  
The diameter of the rebars is used to calculate the corrosion rate. 

The pulse size, measured in μA, has to be adjusted according to the actual situation. The 
pulse size can be adjusted from 2 to 200 μA under good conditions. 

 



10 

 

Usually a value of 2-10 μA would be sufficient, but in areas with active and extensive 
corrosion it might be necessary to increase the current stepwise to achieve a reliable re-
sult.  The required current can be as high as 200 μA in areas with extensive corrosion.  

 

3.7 Opening an existing project 

A previously created project can be opened at any time. 

To open an existing project, select File-Open. Select the location and the file to open. 

It is now possible to continue the sequence of measurements, redo a single measurement, 
add comment or finalise the project 

 

6. Preparation before testing on-site 

 

6.1. Connection to reinforcement and reinforcement continuity 

 

The reinforcement has to be electrically connected in the area to be tested and the elec-
trical connection between the equipment and the reinforcement has to be made with care.  

 

Should the reinforcement be exposed, the adjustable clamping pliers are easily used for 
making good connections in two opposite corners of the testing area. Ensure there is a 
metallic connection between the reinforcement and the clamping pliers.  

 

If the reinforcement is not exposed, then locate the reinforcement with a Cover-meter or 
a Ground Penetrating Radar (GPR). Ensure that the reinforcement has been located in at 
least two opposite corners of the test field, since two connections have to be made at the 
periphery of the area to be tested.  

 

Expose the reinforcement e.g. by means of a drill hammer or a hammer and chisel in the 
two positions. Remove any dust or debris from the holes and ram in the two spears. Es-
tablish good contact between the spears and the reinforcement. If the hole is too wide, 
use either a nail, screw or shim plate to wedge the spear in contact to the reinforcement. 

Connect the conductivity meter to the two pliers with the cable of the cable drum in be-
tween (max.  12 meter, length of cable in cable drum). 

 

Turn the meter on by switching it to the "Diode" function, , adjacent to the 200 
ohm position. The reading has to be zero or close to zero. Alternatively, the 200 ohm po-
sition may be attempted. For a good electrical connection, the reading has to be close to 
zero. Higher values indicate a poor electrical connection; either caused by a lack of rein-
forcement connection, or by the adapter bolts connections. A lack of reinforcement con-
nection can only be detected by repeated drilling at various distances from the first 
drilled two holes. 

 

6.2. Wetting the surface 

 

To reduce the electrical resistance between the electrode placed on the surface and the 
reinforcement, wetting can be done according to ASTM C876-91. Such wetting should 
be done uniformly at every testing point in the grid.  
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6.3. Determination of the reinforcement area below the counter electrode prior to pulse 
measurements 

The diameter of the reinforcement below the counter electrode has to be measured or es-
timated prior to pulse measurements. For such estimation an accurate CoverMeter, which 
is able to measure the diameter of the reinforcement, can be used. Alternatively, the di-
ameter of the reinforcement is measured in one of the locations for reinforcement con-
tact. 

 

For actively corroding reinforcement caused by chlorides the area of corrosion may be 
(much) smaller than the area of the reinforcement. To estimate such pitting areas, the 
concrete cover should be removed at a couple of locations, e.g. by coring.  

 

7. HCP measurements  

In most situations it is sufficient to measure the half cell potential over the reinforcement 
and the resistance of the concrete in order to address the state of corrosion in the struc-
ture.  

 

The test fields and the CorroMap are prepared as described in the previous sections. 

Make sure that the screen window is marked green at “Potential” or “Resistance”. 

By selecting Potential or Resistance the system will make both a potential and re-
sistance measurements 

 

When interpreting the HCP potential obtained by the CorroMap it is important to keep in 
mind that the reference electrode used for measuring the half cell potential is an 
Ag/AgCl electrode. The Ag/AgCl electrode measures 110 mV higher at 20°C than a 
Cu/CuSO4 cell as mentioned by ASTM C 876-91. If e.g. a reading with the Ag/AgCl 
shows -250 mV, the corresponding Cu/CuSO4 measurement would be -360 mV. 

 

 

 
System performing a measurement 

 



12 

 

Depending on the setup, as regards the starting point, the measuring point will show up 
as a blank black square.  

 

If the auto trigger option has been chosen, the CorroMap will automatically start the 
measurement when the electrode has been firmly connected to the concrete surface.  

 

If the manual trigger function has been chosen, the measurement will start when one of 
the trigger buttons on the side or the spacer bar above the arrow keys has been tapped 
twice. Ensure good contact between the electrode and the concrete surface before press-
ing the trigger buttons. 

 

Usually the measurement will be completed in 3-5 seconds, and the result will show up 
on the screen as a colour code determined by the results. The actual numbers will be 
shown in the field just below the scroll bars. 

 

When a series of measurements have been completed, it is possible to view the data in 
each measuring point. Open the “SHOW” scrollbar and choose “ZOOM” and by 
switching between Potential and Resistivity the data for each measuring point will show 
up. By either using the arrow keys or the touch pen it is possible to scroll through the da-
ta.  

It is possible to redo the measurements in any point.  Exit the ZOOM function, and scroll 
around the measuring points on the working screen until the required point appears. Re-
do the measurement by double clicking on one of the trigger buttons. If Auto Trigger has 
been checked in the setup menu, then press the T-key in order to toggle between manual 
and auto trigger mode. 

 

At any time the cursor may be moved to a new or a previous spot to either skip a measur-
ing point or to redo a measurement. The sequence will continue from the new spot. 

 

 
A skip of a measuring spot is performed 
by pressing right arrow key once. 

 

 

7.1. Adding comments 

To add a comment to a spot, select a comment in the “comment” dropdown menu. 

11 predefined comments are available. 
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Non 

Crack 

Repair with corrosion 

Repair with no corrosion 

Laminar 

Joint 

Crack no corrosion 

Iron 

Reinforcement contact 

Cut-out test area 

Chloride test area 

 

At any time the user may step to a location and add a comment 

 

Finalizing measuring data: 

 

By Finalising a project the data is stored in a csv-file format, which may be imported by 
a spreadsheet program like Microsoft Excel or OpenOffice Calc.  

The stored file will have the following appearance:  

 

 
 

Before the finalising process it is possible to add a comment to the project. 

Select Setup-Notes to add a text. 
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8. Pulse measurements 

As mentioned in the introduction, an HCP measurement occasionally gives erroneous 
indications about the corrosion activity in the structure, especially if the structure is ei-
ther water saturated or extremely dry. Some general recommendations for choosing the 
right method have been tabulated in table -1, page 17. 

 

Pulse measurements are conducted by imposing a user defined current on the underlying 
reinforcement, though the counter electrode for 10 seconds. The pulse response is col-
lected as a “charging” curve. 

 

By selecting Pulse the system will make a pulse measurement, which also includes po-
tential and resistance measurements. 

 

The setup for Pulse measurements is generally the same as the setup for HCP and Re-
sistance measurements. Additionally, the Pulse setup menu has to be entered to enter 
the rebar diameter and the initial Pulse Size. 

 

A pulse project is finalised in the same way as an HCP project, when the testing has 
been completed.  

 

Press the pulse button to set the system for pulse mode. As soon as the measurement 
starts, either by manual or auto trigger, the lower part of the screen changes to curve 
view. 

 

The pulse measurement takes approximately 12 seconds. During the measurement the 
potential is plotted as a curve and a timer is showing the remaining measuring time. 
When the pulse measurement is complete all results for potential, resistance and corro-
sion current are shown in the result and info display. After 4 seconds the lower part of 
the screen returns to normal map view. 

 

To assist the user an indicator turns green when the resistance between the counter elec-
trode and the reinforcement is lower than 50 kohm. 
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To view the latest pulse curve simply press the pulse button again. By pressing the pulse 
button the lower part of the screen may be switched between map and curve view. 

 

As long as the curve view is present it is possible to adjust the pulse current by the use 
of the arrow keys. Up and down increase/decrease the imposed current by 1 µA. The 
left and Right key decrease/increase the current by 10µA. 

 

 
A good pulse measurement 

 
Loss of contact during pulse meas-
urement 

 

During a pulse measurement some noise may occur either from insufficient contact or 
from electrical noise. The calculation algorithm might not be able to ignore the level of 
noise and will suggest the user to perform a new measurement. 

 

Attention: In case of manual measurements not using auto trigger function to avoid mul-
tiple measurements at the same spot the measuring probe must be clearly removed from 
the concrete surface (resistance > 50 kohm) to be ready for the next measurement. 

 

As default the equipment will apply a current of 2 A for 10 seconds. In passive areas 
these values usually provide reasonable polarisation of the reinforcement evaluated by 
the regularity of the polarisation graph. Otherwise, the current has to be increased step-
wise. As a rule of thumb it is recommended to keep the current as low as possible.  

 

In areas with active corrosion it  could be necessary to increase the current to 80-100 A, 
for 10 seconds. However, always start by using as low current as possible to minimise 
the polarisation of the reinforcement. The reinforcement shall not be polarised more than 
20 mV after the Ohmic drop has been extracted 

 

The potential graph measured has to exhibit a general shape as shown in figure 1 below, 
in principle, less steep at the beginning in passive corrosion areas and steeper in active 
areas. 
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A decreasing graph indicates a false reading, e.g. caused by a lack of electrical contact 
and will not be accepted by the equipment.  

 

A jacked or very flat curve may indicate bad connections and/or insufficient pulsing cur-
rent.  

 

In passive areas the polarisation will change the original half-cell potential in the positive 
direction for some time. The half-cell potential recorded will be prior to applying the 
pulse. It is therefore recommended to have a pause between repeated measurements on 
the same spot to minimise the risk of erroneous results.  

 

In active areas the original half-cell potential will maintain the same value, even after 
applying several galvanostatic pulses.  

 

The polarisation curve will show different behaviour when wetting is not sufficient and 
resistance in concrete is too high. Two typical examples are shown below showing a po-
tential drop due to high concrete resistance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Poten-
i l Poten-

i l



17 

 

NOTE: In case of presence of delaminations, membranes or a very dry or dense cover 
the resistance will be so high that the corrosion rate estimate is wrong since the pulse 
generator cannot apply the pulse current. Performing Pulse measurements under such 
conditions makes no sense. Such conditions are most efficiently evaluated by means of 
the electrical resistance only.  

 

The output voltage of the Pulse electrode system is approximately 6.5 Volt. Using Ohms 
law U=R*I where U= voltage, I= current and R = resistance makes it possible to calcu-
late the maximum possible applied current at different resistances, as shown below. 

 

 
Maximum applied current vs. 

0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

0 100 200 300 400 500 600 700 

kOhm

µ
A

 

Example: applied current = 
23µA

       
6.5V/23µA=283kOhm

Where 6.5V is the maximum 
output voltage possible with the 

Pulse electrode system
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Concrete condition HCP GalvaPulse Remarks 

Un-treated 

Dry, semi-wet 

Carbonated ? Yes Due to low pH corrosion is 
possible at higher potentials 

Chlorides Yes Yes  

Un-treated 

Wet 

Carbonated ? Yes Exceptional combination 

Chlorides ? Yes Corrosion or lack of oxygen? 

Washed Out ? Yes Due to low pH corrosion is 
possible at higher potentials 

Surface treated 

Dry, semi-wet and 
wet 

Bitumen No No Electrically insulating 

Epoxy No No Electrically insulating 

Miscellaneous ? ? Depending of resistance 

Inhibitor treated Mixed in No Yes Inhibitors can change the po-
tential 

Surface No Yes Inhibitors can change the po-
tential 

Delaminated/cracked Treated No No  

Miscellaneous    

Coated Rebars Epoxy No No Electrically insulating 

     

Table 1. Overview of where the HCP and Pulse methods are applicable.   
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9. Interpreting Pulse data  

Faraday’s law of electrochemical equivalent describes the conversion factor between 
measured galvanostatic potential and the reduction in cross section of the corroding 
steelbar over a one year period. This law states that a galvanostatic potential of 1 μA/cm2 
corresponds to a cross section reduction of carbon steel of approximately 11,6 μm/year.  

 

10. Connecting the PSION to a PC and transferring data  

To be able to import data from the Psion terminal to a PC running Windows XP, Mi-
crosoft ActiveSync must be installed on the PC. If the computer is running on Windows 
Vista and Windows 7 users do not need ActiveSync 

ActiveSync is distributed free of charge by Microsoft. It can be downloaded at 
www.microsoft.com search for the keyword "ActiveSync". 

Follow the on-screen instructions provided by ActiveSync to make the installation. 

 

Connect the Psion terminal to the PC though the docking station or the provided USB 
cable. 

 

 

 
All files will now be available with the use of File Explore. 
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11. Maintenance 

 

11.1. The PSION computer 

 

The only maintenance of the PSION is to charge the batteries before a full day of testing 
is commenced. 

 

11.2. The measuring head 

 

Remove the sponges from the measuring after the examination has finished. Clean it 
with tap water and squeeze it, gently. Place it in the suitcase adjacent to the electrode 
unit. Do not place them in a sealed plastic bag; this will only cause them to rot. Also do 
not leave them on the measuring head. This will cause the zinc ring to corrode and the 
service lifetime of the measuring head will therefore be reduced. 

 

The reference electrode positioned inside the measuring head is long lasting and needs 
no special maintenance. Nevertheless the electrode is protected from dust and drying out 
by installing the plug filled with demineralised water. If stored for a long time, check 
that the plug is filled frequently. 

 

Preparing the electrode for measuring: 

 

Before using the electrode, remove the plastic cap filled with a clear liquid, placed on 
the  Ag/AgCl electrode tip. Pour the liquid in the plastic cap back into the plastic bottle, 
which comes with the equipment.  

 

Keep the plastic cap in a safe place, since it is to be reinstalled on the electrode tip, when 
measurements have been completed.  Before reinstalling the plastic cap, fill it with some 
of the liquid from the plastic bottle with electrode liquid.  
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Safety precautions: 

Never submerge the electrode, since it is not designed for underwater operations. 

 

The zinc ring positioned in the circular plastic part of the measuring head needs to be in-
spected prior to storage. If it is corroded it will need to be ground to a smooth finish us-
ing emery clothe. Flush afterwards with tap water. Do not use any other material. 

 

 


