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ABSTRACT 

If water stays on wood surfaces or is trapped in gaps, the wood is supplied with water during 

a long period of time and high local moisture contents are reached. This can lead to decay by 

rot fungi and it is therefore important to avoid such water traps in order to limit the decay 

rate. This paper presents two methods; one for determination of duration of surface moisture 

on wood surfaces and one for determination of duration of water trapped in gaps in wood 

joints. Both these methods are based on similar electrical conductance measurements as are 

commonly used to measure moisture content of wood. Both sensor types consist of insulating 

tubing, electrically conductive adhesive and copper wire. The sensors monitor the presence of 

moisture on the actual material surface and because of their small size they do not influence 

the amount and duration of moisture that stays on the surface or in the gap. 
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1. INTRODUCTION 

In building science, duration of surface moisture is a parameter that can be used to forecast 

degradation phenomena such as wood decay, biological fouling and corrosion. The moisture 

state of wood surfaces is of special interest since wood is susceptible to surface fouling by 

mould fungi, algae and more seriously, to decay by rot fungi if exposed to high moisture 

contents during long periods of time. The decay rate in joints in outdoor structures is 

influenced by its design (De Groot and Highley 1995); if water stays on wood surfaces or is 

trapped in gaps, the wood is supplied with water during long periods of time and high local 

moisture contents are reached. It is therefore important to avoid such water traps in order to 

limit the durations of high moisture content and thus also the risk for decay. 

To predict the service life of a structure, a model where the exposure is compared to its 

resistance can be used (see e.g. Isaksson et al. 2012). For wood outdoors, the relevant 

exposure parameter is the moisture and temperature conditions in the wood. To predict 

moisture and temperature conditions in the wood from climate data, the macro-climate 

(precipitation, temperature, RH etc.) needs to be transformed into a micro-climate, i.e., the 

climate at the wood surface. The moisture and temperature conditions in the wood can then 

be calculated using heat and mass transfer models with the micro-climate as boundary 

condition. To verify such a model it is therefore necessary to measure not only moisture 

content but also the boundary conditions, i.e. the duration of surface moisture and water 

trapped in gaps. 

There is an interest in measuring the time during which surfaces are wet also in other fields of 

science and technology. For example, the duration of surface (leaf) wetness is an important 

factor when forecasting plant disease (see e.g. Wallin (1967)) and for metal surfaces the 

parameter “time of wetness” is used to predict corrosion (see e.g. Cole et al. (1995)). 

Therefore, several surface moisture sensors have been developed for these purposes. Most of 

these sensors measure the change in electrical resistance or capacitance due to moisture either 

on the sensor surface (Davis and Hughes 1970; Gillespie and Kidd 1978; Fraigi et al. 1994; 

Wei et al. 1995; Sereda et al. 1982; Weiss and Lukens 1981; Smith and Gilpatrick 1980) or 

on the material surface of interest (Schurer and Van Der Wal 1972; Giesler et al. 1996; Weiss 

et al. 1988; Burkhardt and Gerchau 1994; Häckel 1974, 1980). Apart from these electrical 

sensors there are also mechanical types (see e.g. Wallin (1963)), beta-ray gauge sensors 

(Barthakur 1985; Bunnenberg and Kuhn 1977) and optical sensors (Zlochin and Seginer 
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2001; Griffioen et al. 1992; Heusinkveld et al. 2008). A review of different types of leaf 

wetness sensors was made by Huber (1992). 

However, for wood and other building materials both material specific methods and sensors 

developed for purposes described above are used to monitor duration of surface moisture. 

Nore et al. (2006) measured duration of surface moisture on a wooden facade by using a 

method similar to the one used for moisture content measurements. Electrodes connected to a 

moisture content meter were mounted so that the tips were in contact with the surface of the 

wooden cladding. Sveipe et al. (2011) used a sensor with two wires connected by a sheet of 

paper and double-sided tape to measure surface moisture on vacuum insulation panels. The 

sensor was connected to a moisture content meter which measured the electrical resistance 

between the wires. Norberg (1999) used a surface moisture sensor where the time of wetness 

was monitored on the sensor surface. See et al. (1988) used two methods to monitor surface 

moisture on carbonate building stones; one leaf wetness sensor with a gypsum coating and 

one sensor of their own design. This sensor consisted of electrodes mounted on both sides of 

a piece of limestone. A similar method was used by Nady et al. (1997) who made a ceramic 

resistance sensor consisting of a small block of clay brick (19×10×5 mm3) with two wires 

fastened by electrically conductive epoxy on opposite sides of the brick. Since the electrical 

resistance decreases when the brick is wet this was used as an indication of presence of 

surface moisture. Bernardi et al. (2006) used two types of sensors to detect condensation on 

glass surfaces; one leaf wetness sensor where the presence of water on the sensor surface was 

monitored and one optical sensor of their own design which monitored the presence of water 

on the glass surface. They found that the leaf wetness sensor registered longer wetness 

periods than the optical sensor which measured directly on the glass surface.  

Most wetness sensors monitor the wetness on the sensor surface rather than the wetness on 

the material surface of interest. This is a problem if the surface properties of the actual 

material are different from the surface properties of the sensor, for example if the thermal 

absorbance of the sensor is not matched to that of the surface or if the material absorbs water 

but the sensor does not. Another factor that needs to be considered is the risk that the sensor 

itself traps moisture which would make the measured duration of surface moisture longer 

than if no sensor was present.  

Some surface moisture sensors give a reading also when the surface is dry. This means that a 

“dry value” or a baseline must be defined to determine whether the surface is wet or not 
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(Giesler et al. 1996). However, if the material absorbs water the baseline value may vary with 

the moisture content of the material. Nore et al. (2006) solved this by also measuring the 

moisture content of the wood material on which the surface moisture measurements were 

made. Both the surface moisture sensor, which consisted of two electrodes in contact with the 

surface, and the moisture content electrodes were connected to a moisture content meter. 

Wetness was registered only when the reading of the wetness sensor exceeded that of the 

moisture content sensor. 

Unlike surface moisture sensors, not many sensors that monitor the presence of water in gaps 

have been described in literature. However, optical methods used in fundamental studies on 

wetting in glass capillaries exist (Fattinger et al. 1987). 

This paper presents two methods; one for determination of duration of surface moisture on 

wood surfaces and one for determination of duration of water trapped in gaps between two 

pieces of wood. The method for surface moisture determination enables measurement of 

surface moisture on the actual wood surface without major disturbances by the sensor itself. 

Both methods are based on similar electrical conductance measurements that are commonly 

used to measure moisture content in wood. The sensors were developed for use in laboratory 

tests, but the surface moisture sensor was also tested in field measurements. 
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2. METHODS 

2.1 Duration of surface moisture 

The surface moisture sensors were made of capillary tubing (PEEK tubing, outer diameter: 

1.59 mm, inner diameter: 1 mm), electrically conductive adhesive (EPO-TEK E4110, Epoxy 

Technology Inc., Billerica MA, USA) and uninsulated copper wire (diameter 0.5 mm) (Fig. 

1a). A hole (diameter 1.6 mm) was drilled through the wood specimen and the capillary 

tubing was inserted so that the end of the tubing was in level with the upper wood surface 

where the surface moisture should be measured. The copper wire was then soaked in 

electrically conductive adhesive and inserted through the capillary tubing from the back of 

the specimen. The adhesive was needed to keep the wires in place and also to prevent water 

from running from the upper surface down through the capillary tubing. The adhesive needs 

to be electrically conductive; otherwise the copper wires will be insulated from each other 

also when there is water on the surface. The specimens were oven dried at 30 °C since heat 

curing improves the properties of the adhesive. Finally, the copper wires were cut about 2 

mm above the upper wood surface. The lower parts of the copper wires, outside the capillary 

tubing, can be insulated with heat shrink tubing if water is present also on the back of the 

specimen. 

The duration of surface moisture can be determined by measuring the conductance between 

two surface moisture sensors. When there is no water on the surface, the conductance is zero. 

In this study, the conductance was measured between pairs of three surface moisture sensors 

connected in parallel (Fig. 1b) so that a larger area was monitored.  

2.2 Presence of water in gap 

The design of the sensor used to monitor presence of water in gaps is shown in Figs. 2a and 

2b. It was made with the same materials and with a similar technique as the surface moisture 

sensors described above. The sensors were mounted by drilling three holes (diameter 1.6 

mm) at the edge of two pieces of wood (Fig. 2c). Capillary tubing were inserted in the holes 

and pulled back about 1 mm. The wood specimens were then placed upside down and 

electrically conductive adhesive was inserted through the tubing using a non-silicon-treated 

syringe (Luer Lock Hand Syringe and Posilok Perfectly Straight Stainless Steel 23G, 

Fishman Corporation, Hopkinton MA, USA) so that the space between the bottom of the hole 

and the tubing was filled with adhesive. Three copper wires, connected by a crimp pin that 

was soldered at the ends of the wires, were finally inserted through the three pieces of tubing 
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on each wood specimen until they reached the bottom of the holes. The specimens were then 

oven dried at 30 °C as above. The electrically conductive adhesive is needed to ensure 

electrical contact between the copper wire and the wood surface. The copper wires outside 

the capillary tubing can be insulated with heat shrink tubing. 

3. TEST MEASUREMENTS 

3.1 Laboratory measurements 

3.1.1 Experimental set-up 
The specimen consisted of two pieces of Norway spruce (Picea abies L. Karst.) heartwood 

(300 × 95 × 22 mm3, longitudinal × tangential × radial) mounted in a transparent plastic 

(PMMA) box so that only the upper surface and the two end grain surfaces facing each other 

were exposed to water. The distance between the two end grain surfaces was 2 mm. Water 

was poured on the specimen until the area of measurement (see Fig. 3) was entirely covered 

with water. The electrical conductance between the surface moisture sensors and the sensors 

that monitored the presence of water in the gap was logged every fifteenth second. The logger 

was custom built and the measurement range was 0.001-200 µS. Each conductance reading 

was performed as follows: a voltage of 2 V was applied and after 0.5 s the first reading was 

made during 0.5 s; the polarity was then switched and after 0.5 s another reading was made 

during 0.5 s. The registered conductance reading was the average between these two 

readings.  

During the measurements, the specimen was also monitored visually. Observations on if there 

was water in the gap, if there was a water film on the surface and if the surface looked dry 

were made each minute. The surface was considered dry when there was no visible line 

between the wetted area and the area that had been kept dry (see Fig. 3). The surface moisture 

measurements were repeated four times and the measurements of water in the gap were 

repeated three times.  

3.1.2 Results 
Typical curves from the measurements of duration of surface moisture and the presence of 

water in the gap are shown in Figs. 4 and 5, respectively. The visual observations of when 

there was water in the gap correlated well with the measured conductance. However, the 

surface moisture sensors sometimes gave a low conductance reading a short time after no 

liquid film was visible on the surface. 
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3.2 Field measurements  

3.2.1 Experimental set-up 
The sensors that monitor duration of surface moisture were mounted on two wood specimens 

exposed outdoors in Lund, Sweden. The sensors were connected to a wireless logger 

(Protimeter Hygrotrac, GE Sensing, Billerica MA, USA) intended for moisture content 

determinations in wood and the output from the logger was therefore wood moisture content 

in percent. A surface moisture reading was registered each hour. No moisture on the surface 

corresponded to the lowest moisture content that the logger was able to measure (8%). This 

value was subtracted from all values in Figs. 6-7 so that zero is no moisture on the surface. 

The weather during the period of measurement was also registered so that the reading from 

the surface moisture sensors could be correlated with periods of rainfall. Measurements 

during one year were evaluated. 

3.2.2 Results 
The output from the surface moisture sensors in the field measurements corresponded well to 

the rainfall data and the two surface moisture sensors gave similar readings (Fig. 6). During 

the spring and summer months, the surface moisture sensors gave a reading during nights and 

mornings even if no rain was registered (Fig. 7). This is probably due to dew. During the 

winter months, when the temperature was below zero degrees Celsius, the surface moisture 

reading seldom reached zero probably because there were snow or frost on the surface. 

During the whole year, the smaller fluctuations in surface moisture correlated with 

fluctuations in air relative humidity. 

4. DISCUSSION 

The correlation between the measured conductance and the visual observations were good for 

both the surface moisture sensor and the sensor that monitors presence of water in a gap. 

Both sensors monitor the presence of moisture on the actual material surfaces rather than on a 

sensor surface. This is advantageous since wood absorbs water and has surface properties 

which are significantly different from the surfaces of the wetness sensors that are commonly 

used. Since such sensors are developed for use on a particular material, e.g. leaf wetness 

sensors are designed so that the wetting and drying of the sensor is similar to the wetting and 

drying of the leaf (Davis and Hughes 1970; Griffioen et al. 1992), they might give inaccurate 

results if used on a material with different surface properties. This was experienced by 
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Bernardi et al. (2006) who found that leaf wetness sensors used on glass surfaces registered 

longer wetness periods than their own sensor which measured directly on the glass surface. 

4.1 Duration of surface moisture 

For a surface moisture sensor that measures the conductance between two points on an wood 

surface the situation can be schematically described as in Fig. 8a. When moisture is present 

on the surface – either from rain or from condensation – it can leave the surface by 

evaporation or absorption. The sensor is insulated from the bulk of the wood material (see the 

design of the surface sensors in Fig. 1a) and it therefore measures conductance on the surface 

and a reading is given only when water is present. However, when there is water on the 

surface, the measured conductance is not only the conductance of the water layer but a 

combination of the water layer and the wood.  

If there is water on the surface this will contain charged molecules that conduct electricity 

even when the layer of water on the surface is small. If the water layer has the same thickness 

over the whole surface, the sensor will show a high conductance when h>0, but essentially 

zero conductance when the surface is dry and h=0. However, at high h it can be assumed that 

h is the same over a flat surface, but at low mean h the surface moisture may tend to limit 

itself to patches. The sensor will then only indicate surface moisture if there is a continuous 

moisture film between the measuring points. This problem can be minimized by measuring 

between several points on the surface as was done in this study; as long as two points have 

contact the sensor will indicate that there is water on the surface. Single droplets of water 

between the sensors will not be detected if the surface surrounding the droplets is dry unless 

the droplets are in contact with the sensors. 

The design of the surface moisture sensors does not include a sealing between the capillary 

tubing and the wood as such sealing materials can change the properties of the material. If 

water can enter between the capillary tubing and the wood there is a risk that the surface 

water does not reach the copper wires; instead a “dry island” is created around the copper 

wires which then will lose contact with each other. However, this has not been observed in 

this study, probably because wood swells when it is wetted and thus no space between the 

wood and the capillary tubing exists. Nevertheless, this might be an issue if the surface 

moisture sensors are mounted in a non-swelling material. 

The sensor described in the literature that is most similar to the sensors we have presented in 

the present paper, is the sensor described by Giesler et al. (1996) designed to measure leaf 
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wetness in a turf grass canopy. This sensor consisted of two small stainless steel pins (0.1 or 

0.2 mm diameter) of the type that are used in entomological collections. The pins were 

inserted through a blade of grass and the resistance between the pins was measured. Similar 

to the surface moisture sensor in the present study the sensor by Giesler et al. (1996) 

measured the wetness on the surface of interest rather than on the sensor surface. Because of 

the small size of the electrodes, both methods measure surface wetness without any major 

disturbance on the wetting and drying of the material surface. However, unlike the sensor 

described by Giesler et al. (1996) the electrodes in the present study are insulated and only 

have contact when there is water on the surface. Thus, the reading is zero when no water is 

present and no subtraction of a baseline needs to be performed. This is advantageous since 

the resistance of wood changes with its moisture content and the baseline would therefore, in 

this case, not be constant.  

4.1.1 Surface moisture sensors in field tests 
The surface moisture sensors were tested in field measurements during one year. Since the 

sensors give a reading also when the surface is moist and no liquid film is present the periods 

of time when the reading is zero are rather short. However, the magnitude of the reading from 

the sensor gives an indication of the amount of moisture on the surface; a higher value is 

registered after rainfall than if dew is present on the surface (cf. Fig. 6 and 7). Note also that 

it is important that the sensors are kept clean during the measurements as leaves etc. on the 

surface may give false surface moisture readings. 

4.2 Presence of water in gaps 

The situation for water in a gap is more complex than for moisture on a surface as is indicated 

in Fig. 8b. There are at least two potentially absorbing surfaces and sometimes more than one 

surface from which water can evaporate. However, the evaporation tends to be much lower 

than for a surface as a gap only exposes a small liquid-air interface. A sensor that senses 

whether there is water in a gap will sense a high conductance when there is water between the 

points of measurement. However, if the water does not directly connect the points of the 

sensor, a lower conductance is registered since the sensors on the opposing sides then only 

have contact through the wood or through the water film on the wood surfaces. For a 

conducting material such as wood it may possible to differ between the three cases (see Fig. 

9):  

1. Moisture between measuring points.  
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2. Moisture meniscus somewhere else in gap.  

3. No water in the gap. 

This means that a high conductance value does not necessarily mean that there is a large 

amount of water in the gap. The conductance reading also depends on the position of the 

water in the gap. If measurements are made on a non-conducting material case 2 is somewhat 

different; the sensor then only gives a reading if there is a thin moisture film on the surfaces. 

5. CONCLUSIONS 

The correlation between the measured conductance and the visual observations were good for 

both methods. The small sensors enable measurement of presence of water in gaps and 

duration of surface moisture on the actual material surface without major disturbances by the 

sensor itself. The surface moisture sensors can also be connected to a wireless logger for use 

in field tests. 
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FIGURES 

 

Figure 1.The sensor that monitors the duration of surface moisture (a) and six surface moisture sensors mounted 

in a wood specimen (b). The conductance is measured on the upper surface between groups of three sensors 

connected in parallel. The upper end of the capillary tubing is in level with the wood surface. 

 

 

Figure 2. The design of the sensor for determination of presence of water in a gap (a) and three sensors mounted 

on opposite sides of a gap between two pieces of wood (b). The conductance was measured between groups of 

three sensors connected in parallel. The gap sensors were mounted so that the specimen edge is the tangent line 

to the circular capillary tubing (c).  
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Figure 3. The specimen seen from above with the positions of the surface moisture sensors (1) and the sensors 

that monitor presence of water in the gap (2). The grey area indicates the wetted area. 

 

Figure 4. Two typical curves from the measurements of duration of surface moisture. The filled black circles 

indicate the approximate time when a free liquid film no longer was seen on the surface. The filled white circles 

indicate when the surface looked dry, i.e. when there was no visible line between the wetted area and the 

adjacent dry wood. 
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Figure 5. Presence of moisture in the gap, results from two measurements. The filled white circles show when 

water in the gap was no longer observed visually. 

 

Figure 6. Data from the two surface moisture sensors (dashed and continuous lines) used in the field 

measurements and the rainfall data (bars) during five days in July 2011.  
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Figure 7. Data from two surface moisture sensors during six days in June 2011. Even though no rainfall was 

registered during this period the surface moisture sensors gave a reading during night and morning, probably 

due to dew. 

 

Figure 8. The wood specimen seen from the side. The surface moisture sensors will sense if there is water on the 

surface even when the layer of water on the surface, h, is small (a). The water can leave the surface either by 

evaporation, qevap, or by being absorbed by the wood, qabs. The situation for water in a gap is more complex (b) 

as there are at least two potentially absorbing surfaces and sometimes more than one exposed surface from 

which water can evaporate.  
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Figure 9. The specimen with the gap sensors seen from above. Case 1: Moisture between measuring points. 

Case 2: Moisture meniscus somewhere else in the gap. Case 3: No water in the gap. 

 


