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Surface moisture plays an important role in the deterioration of 
building surfaces. The extent and duration of surface moisture 
is generally impossible to predict from meteorological data. 
The limitations of the ISO 9223 standard for estimating the 
time of wetness (TOW; RH>80%, T>0°C) is evident in cli-
mates with sub-zero temperatures, in environments with sig-
nificant deposition of pollutants and salt, and in situations 
where the exchange of radiation between building surfaces and 
the surrounding environment creates large temperature differ-
ences. Consequently, direct measurement of TOW is essential, 
e.g. using the WETCORR method. This method is suitable for 
measurements of surface moisture and TOW on building mate-
rials in general. The actual sensor consists of an inert electro-
lytic cell with Au/Au-electrodes combined with a Pt-1000 sur-
face temperature-sensing element 

Background 

The interest in surface moisture and time of wetness (TOW) has its origin in 
the field of atmospheric corrosion. Early on, Vernon (1) had shown that the cor-
rosion rate of steel increased dramatically when a critical relative humidity (RH) 
of between 80 and 90% was exceeded. Understanding of the various mechanisms 
that, even under non-condensing conditions, can result in the build-up of signifi-
cant amounts of moisture on metallic surfaces, and thereby cause corrosion, was 
essential for the continued research in this area. In addition, the electrochemical 
nature of the typical moist or wet atmospheric corrosion became more and more 
obvious (2). This also led to the adoption of electrochemical methods for study-
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ing the instantaneous rate of atmospheric corrosion with the prospects of replac-
ing the traditional and time-consuming weight loss measurements done by long-
term exposures of test coupons. 

Mansfeld (3,4) has reviewed the early experience of electrochemical meas-
urements of atmospheric corrosion and its relation to the concept of TOW. In this 
context TOW is commonly considered as the time for which the atmospheric 
conditions are such that electrochemical reactions of some magnitude can occur 
on the surface of the sensor. There is a general opinion among atmospheric corro-
sion scientists that surface moisture and TOW play a very important role in the 
corrosion of metals and alloys exposed to the atmosphere. Consequently, the idea 
of a critical RH determining TOW is very much reflected in the current standard 
ISO 9223 (5) defining TOW as the time for which RH is greater than 80% while 
the air temperature is above 0°C. As has been shown by many investigators this 
meteorological approach has its limitations, partly because the electrochemical 
reactions are in operation far below 0°C (6,7,8). It is also well known that the 
presence of hygroscopic salts on the surface (2,4) can considerably lower the 
humidity where wetting occurs. In addition, the difference between air and sur-
face temperatures, as governed by the radiation conditions, is a very important 
factor to consider in relation to TOW (6,9,10). 

In the very first attempt to study atmospheric corrosion by electrochemical 
methods, Tomashov and co-workers (2,11) used galvanic cells with alternate 
electrodes of different metals, e.g. Fe/Cu, Fe/Zn, Fe/Al and Cu/Al. When a film 
of moisture appeared on the surface of the electrode lamellae, a potential differ-
ence was produced between the terminals and the resulting external current was 
measured with a sensitive galvanometer. Sereda (12,13) used galvanic cells of the 
types Pt/Fe and Pt/Zn but measured the variation in voltage across an external 
resistor through which the galvanic current was flowing. TOW in these cases was 
defined as the time during which the galvanic current or voltage exceeded an 
arbitrary thres-hold value. Sereda et al (6) also made way for the ASTM standard 
(14) covering that particular method for the electrode combinations Au/Cu, 
Au/Zn and Pt/Ag. More recently, Hechler et al (7) have studied exposures of 
large sets of sensors following the ASTM procedure. 

Kucera and Mattsson (15) and Mansfeld and co-workers (3,4,16,17) adopted 
the original concept of Tomashov using Cu/steel or Cu/Zn couples and studied 
the galvanic current, trying to relate this to the rate of atmospheric corrosion. 
Kucera and co-workers (15,18) and Mansfeld and co-workers (3,4,16,17,19) also 
used electrolytic cells of only one metal, e.g. Cu/Cu, steel/steel and Zn/Zn, to 
which an external constant voltage was applied. Kucera used voltages in the 
range 100-400 mV and the resulting current was only a vague measure of the 
corrosion rate, while Mansfeld limited the potential difference to ±30 mV in or-
der to enable measurement of the corrosion current on the basis of the polarisa-
tion resistance technique. 

The development of the electrolytic method originally proposed by Kucera 
and Mattsson (15) has continued in Scandinavia during the past 20-25 years, to a 
large extent within the frames of joint Nordic research programmes involving the 
Swedish Corrosion Institute (SCI) and the Norwegian Institute for Air Research 
(NILU), e.g. Haagenrud et al (20). Further efforts made by NILU led to the so-
called NILU WETCORR (WETness and COrrosion Rate Recorder) method, in-
volving an automatic six-channel current integrator and the use of miniature 
Cu/Cu cells, Haagenrud et al (21). A theoretical study of the electrochemical 
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characteristics of the NILU/SCI sensor was done by Haagenrud et al (22) who 
showed, among other things, how the recorded current was depending on the 
thickness of the deposited moisture film. 

More recent collaboration between NILU and the National Swedish Institute 
for Building Research (SIB) aimed at extending the NILU WETCORR concept 
to mea-surements of surface moisture and TOW on building materials and struc-
tures in general, Haagenrud et al (23) and Svennerstedt (24,25). The surface 
moisture studies by Lindberg (26) on paint and Yamasaki (27) on plastics should 
also be mentioned in this context as examples of TOW studies made on non-
metallic materials. This generalisation of the view on TOW should have implica-
tions not only for the definition of the TOW concept as such but also for the 
measurement technique and the sensors used. 

In the following a brief overview will be given of the experience gained in 
relation to the development and use of the WETCORR method, as seen from a 
Scandinavian perspective. 

The WETCORR system 

The WETCORR measurement technique, the way it is done today, was first 
introduced by Haagenrud et al (21) in 1984. Since that time several versions of 
instrument and sensor have been in use in Scandinavia. In the following sections 
the present version of the WETCORR system will be outlined with some refer-
ence to older devices. 

Instrumentation 

The most recent version of the WETCORR system, which has been in use 
since late 1994, is very similar to the one used previously, a description of which 
was given by Norberg (28). An overview of the present system is shown in Fig-
ure 1. The WETCORR system can measure surface moisture and surface tem-
perature from up to 64 sensors simultaneously. The actual measurements are 
conducted by up to 16 sensor adapters, each connecting a maximum of 4 sensors. 
The system controller communicates with the sensor adapters via an RS485-
network and also provides the necessary power. The basic principle of the meas-
uring technique involves excitation of the sensor with a DC voltage of normally 
100 mV. To avoid net polarisation of the electrodes in the long perspective the 
polarity is reversed every 30 seconds. The absolute value of the resulting current 
is averaged over one voltage cycle, i.e. one minute. The main difference between 
the previous version of WETCORR and the present is that the temperature chan-
nels now require Pt-1000-elements instead of AD592AN-transducers. This im-
provement makes it possible to more accurately measure temperature in general 
and surface temperature in particular. 
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Figure 1. The WETCORR system 

Sensor design 

The present type of sensor is the third generation of the Au/Au-type of cell 
developed for the WETCORR system. The active grid measures 16 by 18 mm 
and the overall size is 22 by 30 by 0.7 mm, see Figure 2. The earlier generations 
of cell have been evaluated in (28,29). The main improvements include a better 
design of the electrode pattern, which should minimise interference between the 
measurements of moisture and temperature. In addition, for surface temperature 
measurements a very small Pt-1000-element was chosen, showing much better 
temperature adaptability and tolerance than the previous version. Preliminary 
experience in severe marine atmospheres has also indicated that this sensor is 
better suited to cope with salt films on the surface. This sensor is the latest in use 
and is produced by the Kongsberg Group in Kjeller, Norway. 

Sensor characteristics 

Haagenrud et al (21) studied the influence of alternating DC voltage on 
Cu/Cu-cells and found that a 5-6-fold increase in integrated current resulted com-
pared with excitation using constant DC voltage. The influence of polarity rever-
sal on the current response at different RH-levels was demonstrated in detail in 
(29), and the principal response of the current on reversal of the voltage is shown 
in Figure 3. The capacitance character of the electrochemical double layer gov-
erns the transient response of the current, especially at high moisture loads. 
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Figure 2. The latest WETCORR sensor. 
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Figure 3. The response of the WETCORR current on polarity reversal at different 
relative humidities. 

The principal shape of these curves and their relative appearance reveal that 
the TOW sensor, as a first approximation, may be described by an RC-circuit 
containing two resistors and one capacitor (30), see Figure 4. 
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Figure 4. Equivalent electric circuit model for the WETCORR sensor. 

Re is the resistance of the electrolyte between the electrode fingers, Rt the re-
sistance associated with the transfer of charges between the electrolyte and the 
electrode surface and C the capacitance of the electrochemical double layer in the 
vicinity of the electrode surface. The time dependence of the WETCORR current 
Iw after applying a step voltage U0 may be written as follows, using the notation 
in Figure 4. 
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The validity of this equation was tried out in (31) and it was confirmed that a 

satisfactory agreement with the measured curves was obtained and that the simple 
electronic circuit could explain the main features of the curves. 

From this it may be concluded that the current measured with the WET-
CORR method not only reflects the resistance of the electrolyte, Re , but also the 
impedance associated with the processes occurring at the electrode surfaces fol-
lowing the polarisation. However, a generalised view on the concept of TOW 
should be related to Re rather than to the polarisation-induced impedance. This 
will be further discussed under the heading ”Time of wetness”. 

Experience from measurements 

There is quite a number of studies published that has involved WETCORR 
measurements. One reason for conducting such measurements is that the ISO 
9223 standard (5) is insufficient in describing the actual TOW as experienced by 
an arbitrary building surface. The discrepancies between the two estimates de-
pend on various factors of which the most important will be exemplified in the 
following. 

Effects of deposition 

The deposition of pollutants of various types greatly affects the response of 
surface moisture sensors, as have been noted in (32-36). It is also quite obvious 

  



Service Life Prediction Methodology and Metrologies, ACS 
Symposium Series 805, Jonathan W Martin and David R. Bauer, 
Eds., American Chemical Society, 2002, pp 23-36. 

that exposure positions sheltered from rain are more severely affected by degra-
dation than open ones, particularly after longer exposures when sufficient 
amounts of aggressive species have accumulated. In order to illustrate the effects 
of salt deposition on TOW for sheltered exposures, some feature results extracted 
from Norberg et al (36) will be discussed below. 

The results were recorded in January 1996 at the Water Board site at Flin-
ders, Victoria, Australia. This site is situated a few kilometres from the sea (Bass 
Strait) and the average chloride deposition rate is of the order of 30 mg/m2day 
(37). Duplicate WETCORR sensors of the most recent design, as depicted in Fig-
ure 2, were employed. The hourly average of the current for the whole month was 
plotted against the surface RH (RHsur). This variable was derived from the as-
sumption that the vapour concentration close to the surface is the same as that 
found in the bulk air, i.e., )T(RH)T(RH airairsursur ss vv ⋅=⋅ , where vs is the satu-
ration vapour concentration depending mainly on the temperature T. 

The data obtained under the shelter resulted in a swarm of points that were 
surprisingly well kept together, giving the impression that under these conditions 
the WETCORR sensor acted very much like a relative humidity sensor, see Fig-

ure 5. 
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Figure 5. WETCORR current vs surface RH for sheltered exposure at a marine 
site during one month. 

 
There seems to exist a limit around 30% RH below which the conductivity of 

the film becomes very low. This limit, and particularly the shape of the curve in 
Figure 5, can be understood from the hygroscopic properties of seawater relative 
to its composition and moisture content (31). Below approximately 33% the hy-
drate of one of the principal constituents of sea water besides NaCl, namely 
MgCl2, will completely dry out and no longer conduct electric current. Since, in 
this case, rain and dew have little, if any, effect on the result, the current is di-
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rectly related to the actual moisture content of the salt film, as determined by the 
surface RH. 

The corresponding results obtained in the open (31) were quite scattered be-
cause the current not only derived from the conductivity of the salt film, as de-
termined by its hygroscopicity, but also from episodes of dew and rain. The rain 
tended to wash off most of the salt at times and as a result the sensors temporarily 
resumed to the original, lower sensitivity. 

Effects of temperature differences and radiation conditions 

It is clear that surface temperature relative to ambient is a very important pa-
rameter in determining TOW. To illustrate this, further examples of the data from 
the Water Board site will be given in the following. 

Figure 6 shows the current as a function of the temperature difference be-
tween the air and the surface for duplicate sensors kept under the specially de-
signed glass shelter. As is obvious, the current was always at its maximum as 
soon as the surface temperature dropped to below that of the ambient air, even 
though the difference was not greater than 1°C. It should be noted that the WET-
CORR data appearing in Figures 5 and 6 are the same. 

In the open, undercooling was more pronounced and frequent (31). How-
ever, since rain and dew sometimes washed the sensors in the open the sensitivity 
of the sensors to variations in RH was less. Consequently, the WETCORR cur-
rent was comparatively low even when the surface temperature was below the 
ambient. 

Time of wetness 

When evaluating the current-time data obtained with the WETCORR equip-
ment, a current criterion is normally chosen in order to estimate TOW. Typically, 
TOW is based on the time for which the average current across the sensor grid 
exceeds, say, 10 or 30 nA. The obtained TOW should ideally reflect the time 
when significant corrosion or degradation in general, takes place on a material 
surface being exposed to the same environment as the WETCORR sensor. From 
experience it may be stated that TOW is not as much a function of the amount of 
moisture deposited as it is of the conductivity of the moisture film. Recently, 
Elvedal et al (38) defined a critical current of 10 nA that should correspond to a 
substantial water film (~3μm) on the sensor surface. This evaluation was made in 
a fairly mild environment corresponding to corrosivity category C1 according to 
ISO 9223 (5).  Should  the same criterion be applied 
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Figure 6. WETCORR current vs temperature difference between ambient air and 
surface for sheltered exposure at a marine site during one month. 

to measurements in coastal or industrial areas, the deposition of salt and pollut-
ants would considerably increase the conductivity and, as a consequence, the 
same current would be obtained for a much lower amount of surface moisture. In 
other words, the relation between the current and the thickness of the moisture 
film cannot be stated without taking the electrolytic conductivity into considera-
tion. Presumably, there is also a better correlation between corrosivity and con-
ductivity than between corrosivity and moisture-film thickness, particularly for 
natural environments. 

So far, all estimates of TOW, whether made with galvanic or electrolytic 
cells, have been based on arbitrary criteria. This dilemma has since long been 
recognised by Mansfeld et al (17) and is also explicitly expressed in the ISO 9223 
standard (5). In order to get around this problem a more generalised TOW con-
cept can be introduced. This requires the use of inert electrolytic cells and a 
modified measuring technique. 

New definition of TOW 

The basic idea is to consider the measurement of surface moisture and TOW 
simply as a measurement of electrolytic conductivity. This is not a major devia-
tion from the present situation but rather an adaptation to what is actually the 
case. For the sake of conformity this modification may be called TOC, time of 
conduction, or in the transferred sense for the case of atmospheric corrosion of 
metals, time of corrosion. 
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As shown in a preceding section on ”Sensor characteristics”, the response of 
the WETCORR sensor to the applied voltage can give information about the elec-
trolytic conductivity and the nature of the electrode/electrolyte interface. The use 
of an inert sensor, such as the Au/Au sensor in the present study, implies that the 
electrodes involved will not significantly be influenced by corrosion. In addition, 
by eliminating the impedance effects of the polarised interface, the measurement 
of the cell resistance will be equivalent to a conventional measurement of the 
electrolytic conductivity. The impedance associated with the electrode/electrolyte 
interface may be eliminated by AC excitation of typically a few kHz or by DC 
polarisation during only a few milliseconds, including reversal of the polarity. In 
analogy with conventional measurements of conductivity, different cell geome-
tries can be used and still be possible to compare via the cell constant. For a given 
geometry the cell constant constitutes the link between resistance and resistivity 
or their reciprocals, conductance and conductivity. In this way, a universal crite-
rion for the limiting conductivity above which the sensor should be considered 
wet may be selected. 

Such a criterion remains to be agreed upon but should, most likely, be related 
to typical conductivities found for precipitation and dew in relatively unpolluted 
environments. Thus, the time of conduction, TOC, may be defined as the length 
of time when the electrolytic conductivity is greater than x μS/cm, as measured 
on the surface of an inert electrolytic cell in thermal contact with the substrate 
material. 

How to make use of TOW/TOC 

TOW or TOC should not be considered as variables in the traditional sense. 
Since these entities are derived from variables via selected criteria they are rather 
delimiters or discriminators. Consequently, they should not be explicitly utilised 
in mathematical expressions such as dose-response functions of the type origi-
nally proposed by Guttman and Sereda (39). Instead TOW/TOC should be used 
to discriminate wet and dry periods from each other, i.e. to determine when the 
"wet" and "dry" model, respectively, should be used for calculating the extent of 
degradation (31). This procedure is most obvious for metals but should also be 
applicable to non-metallic materials. 

Conclusions 

The WETCORR technique has been developed into a versatile tool for mak-
ing microclimate measurements in the built environment. The present version of 
the equipment can accommodate up to 64 surface moisture grids and just as many 
temperature sensors. The latest version of sensor is considered very suitable to 
estimating surface moisture loads and times and simultaneously to give a rea-
sonably correct value of the surface temperature. The corrosion resistance of the 
combined moisture and temperature sensor has also improved considerably com-
pared with previous versions. 

The function of the Au/Au-type sensor under controlled conditions in the 
laboratory as well as in the field studies has shown very good reproducibility. A 
simple equivalent electric circuit that helps explaining the transient character of 
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the measured WETCORR current on excitation can describe the working princi-
ple of the moisture sensor. This transient is attributed to the electrolytic conduc-
tance of the moisture film on the surface of the sensor grid. The asymptotic DC 
current, on the other hand, is the result also of electrode/electrolyte reactions. 
Measurement of moisture conditions and TOW should most likely be associated 
with the conductance of the electrolyte. To improve the sensitivity of the method 
with regard to moisture detection, AC excitation or short pulses of DC may be 
used to eliminate the capacitive properties of the cell. 

There are numerous examples of the limitations of the ISO 9223 standard for 
estimating TOW. First, corrosion is not limited by temperatures below 0°C. Sec-
ondly, in most exposure environments, deposition of pollutants and salt will gen-
erally lower the RH above which wetting of the surface occurs due to the hygro-
scopicity of the deposits. For marine environments it is shown that the surface 
film remains conducting down to a surface RH of around 30%. This phenomenon 
is most pronounced for rain sheltered positions. Thirdly, radiation exchange be-
tween surfaces and the environment is not considered. Differences in temperature 
between a surface and the surrounding air may be considerable and cause both 
evaporation and condensation. 

A generalised definition of TOW is proposed which takes into account the 
conductivity of the moisture film rather than its thickness. Under the assumption 
that significant degradation by corrosion or any other moisture related mecha-
nism cannot occur below a certain conductivity, a universal criterion for TOW 
can be defined. This modified TOW is called time of conduction or time of corro-
sion, TOC, and is defined as the length of time when the electrolytic conductivity 
is greater than x μS/cm, as measured by an inert moisture sensor in thermal con-
tact with a substrate material. The exact value of the limiting conductivity re-
mains to be agreed upon. In compliance with conventional measurements of con-
ductivity, any cell can be calibrated by determining the cell constant for the elec-
trode configuration in a standard electrolyte. 

The adoption of the TOC concept makes possible a more strict separation of 
time into ”wet” and ”dry” periods. In other words, TOC can be used to discrimi-
nate between periods when different dose-response relations should be applied to 
describing the degradation. This also implies that modelling of dose-response 
relations would not have to include TOW in the actual models. 
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