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Abstract
For fast detection of wood moisture content (MC), handheld resistance-type and capacitance-type electrical moisture
meters are widely used. In moisture contents above the fibre saturation point (FSP), the measuring accuracy and precision
of resistance-type moisture meters starts to progressively decrease as the wood MC increases. The aim of this research
was to quantitatively explore this well-known qualitative trend. Three different resistance-type wood moisture meters
from leading manufacturers were compared. The display readings of the moisture meters were compared by using the
absolute MCs determined for relevant specimens with the oven-dry method. The specimens with the dimensions of
100x60x60 mm (length x width x thickness) were made of three different tree species (black alder, birch, aspen); a total
of 60 specimens per each tree species were used. The specimens were dried in a climatic chamber under equal conditions
(32°C and 98% RH) until the desired MC was achieved. All wood MC measurements were conducted at a room temperature
of 20°C.
Modelling of experiment data confirmed the progressive increase in the absolute error in a single measurement of
wood MC with resistance-type moisture meters as the average absolute MC rose. Based on the model, the absolute error on
the same confidence level (95%) and for the average MC of 27% was ± 3.9% MC, for the average MC of 60% it was ± 10%
MC, and for the average MC of 97% the absolute error was ± 17.5% MC. The best prediction error in wood average MC
predicted on the basis of the same model was ± 1.12% MC. The same model was used to predict the resolution of resistancetype moisture meters for the above-mentioned average MCs, which was found to be approximately 1% MC.
Key words: wood drying, wood moisture meter, above FSP

Introduction
Portable electric wood moisture meters can be
categorised into two groups based on their operating
principle: direct current (DC) resistance-type moisture
meters (Stamm 1927, James 1988, 1993) and high frequency alternate current (AC) (2-3 MHz) capacitancetype moisture meters (Ressel 2006). Capacitance-type
moisture meters are contact-free, whereas a direct
galvanic contact with wood is required for resistancetype moisture meters that uses two electrodes to do
the measuring. The reliable measuring range of capacitance-type moisture meters is considered 230% MC
(Ressel 2006, Bergman 2010). Historically, the main and
most accurate measuring range of resistance-type
moisture meters has been 7-18% in absolute MC (Norberg 1999, Forsen and Tarvainen 2000) (of dry weight),
sometimes also 422% (Ressel 2006), and the extended measuring range has been 1830% (Rozema 2010,
2014, Vol. 20, No. 1 (38)

Boardman et al. 2011), sometimes also 2240% (Straube
et al. 2002). The range above FSP where wood absolute MC reaches 30-100% is considered non-calibrated mostly due to the high variance in the readings of
moisture meters (Vermaas 2002, ASTM Standards
2008). It has even been suggested that ... an indicated MC-reading is more or less a rough guess(Ressel
2006) and that readings greater than 30% must be
considered only qualitative (Bergman 2010). A more
detailed qualitative assessment of resistance-type
moisture meters in the range above FSP is given by
manufacturers on their web pages, for example Gann
(Gann 2013): In the range above the fibre saturation
point (about 30 % MC) readings become progressively less accurate, depending on the moisture content
of the timber to be measured, its specific weight and
temperature and the species of wood.
whereas relatively accurate readings can be obtained with oak,
beech, white afara, etc. up to range of 6080 % moisISSN 2025-9230
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ture content. Also Brookhuis (Brookhuis 2009) stated that Measurements below 7% and above the wood
fibre saturation point are not accurate. For a precise
determination beyond the measuring range, we recommend using the oven-dry method. These recommendations were taken into account in the source data
used for statistical modelling in this research.
Above FSP, substantial discrepancies were documented (Karu 2011) between moisture meter readings
and MCs of specimens, which were determined with
the oven-dry method. It was also found that numerical differences between meter readings and relative
MCs were noticeably smaller than between meter readings and absolute MCs. For wood air drying practices, the research (Tamme et al. 2012a) presented correction formulas for compensating for the differences
between absolute MCs and relative MCs and moisture
meter readings.
The resistance method as an affordable and reliable method is widely used for monitoring MCs in the
wood drying process (Tronstad et al. 2001, Tamme et
al. 2010, 2011) as well as in building envelopes (Straube
et al. 2002, Onysko et al. 2008). For this reason, it is
especially important to quantitatively evaluate the
measuring accuracy of the resistance method for MCs
above FSP.
It should be mentioned that wood fibre saturation
point (FSP) may somewhat differ between tree species
(Higgins 1957). If wood FSP has not been accurately
determined, the approximate value of 30% MC is used
as FSP (Class and Zelinka 2010).
The primary purpose of this research was to carry
out a statistically reliable assessment of the progressive decrease in the measuring accuracy of resistancetype wood moisture meters as the wood MC rises above
FSP (30-100% MC). In addition, the research also set
out to determine the resolution of the moisture meter
Gann HT 85T for both resistance (k?) and moisture
content (% MC) units above FSP, and to compare the
wood moisture meters used in the experiments.
The statistical models developed for wood moisture content also enable a wider interpretation (and not
just a quantitative description) of the phenomenon of
progressive decrease in the measuring accuracy of a
single measurement with wood moisture meters. The
greatest benefit of a statistical model describing wood
moisture content is the opportunity to predict the
average moisture content of a batch of wood with
sufficient accuracy for practical needs, by a non-destructive method and within a reasonable period of time
without having to use the labour- and resource-intensive oven-drying procedure every time. Sometimes the
wood moisture content prediction is required for determining the mechanical properties of wood, such as
2014, Vol. 20, No. 1 (38)
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the modulus of elasticity (MOE) and modulus of rupture (MOR) by a non-destructive ultrasound method
(Wang et al. 2004). In fact, both the MOE and MOR
are highly dependent on wood density. In turn, wood
density correlates strongly with wood moisture content both above FSP and below FSP (Kretschmann
2010, Cai 2008, Carter et al. 2005).

Materials and Methods
The research made use of specimens of black alder (Alnus glutinosa), birch (Betula pendula ), and
European aspen (Populus tremula), each with the dimensions of 100x60x60 mm (height x width x thickness).
The specimens were dried in the Feutron climatic chamber (Feutron 2013) under equal conditions (at 32°C, 98%
RH and air velocity of 0.4 m/s) until the desired MC
was achieved. All wood MC measurements were carried
out at a room temperature of 20°C. Resistance type wood
moisture meters Gann HT 85 T (Gann 2013), FMD-6
(Brookhuis 2013) and NDT James Moisture Master
(Ndtjames 2013) from three different manufacturers were
used. The measurement resolution of all moisture meters used in the experiments was ± 0.1% MC. The chosen measuring depth of measuring electrodes was 1/3
of the thickness of a specimen (that is, in the case of a
60 mm specimen, the measuring depth was 20 mm of the
surface of the specimen). Measuring electrodes (teflon
insulated pins, 60 mm) were tapped with a Gann hammer electrode RAM- IN electrode M18 (Gann 2013) to
a depth of 20 mm. The number of specimens per each
tree species was n = 60.
A Kern weighing scale (Kern-sohn 2013) was
used. The absolute MC of dry weight of the specimens
was determined according to the standard ISO
3130:1975. The following methodological assumption
was the basis for the comparison test of the moisture
meters: only the average MC of the specimens was
determined by the oven-dry method and the respective reading of the moisture meter was recorded. The
influence of possible moisture gradients in each specimen on measuring results was not taken into account
since a non-destructive method could not be used for
detecting moisture gradients in the specimens.
Experiment data was statistically processed in two
stages. In the first stage, statistical variables were
analysed one by one by methods of descriptive statistics, and in the second stage, the variables (measurements) were examined by measures of association
by methods of regression analysis.
While processing the experiment data it became
clear that although the purpose was to study MCs
above FSP, in some cases the trend lines that had been
obtained overlapped The best prediction error in wood
ISSN 2025-9230
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average MC predicted on the basis of the same model
was ± 1.12% MC (for example in the case of FMD-6).
Due to this overlap, it can be said that the range of
application of the established trend lines is even
slightly wider than the MCs above FSP that was suggested in the title of this article.
In the second stage of statistical processing the
experiment data, a simple univariate linear regression
was used. Inverse regression was applied (Onysko et
al. 2008) and therefore the moisture meter reading was
chosen as the independent variable. Inverse regression was used because it is better suited for practical
needs and because the purpose of this research was
not calibration of moisture meters but simply their
comparison under under the same conditions. A total
of nine regression models were developed for three
tree species and three moisture meters. Logarithmic
transformation was applied to the actual MC variable.
The initial variable was again used for making conclusions based on the model. For testing the reliability
of the regression line that was found, the KolmogorovSmirnov test was used in all comparisons to evaluate
the normal distribution of prediction residuals, and
where possible, the Shapiro-Wilk test was also used.
The tests were then doubled with visual control methods of normal distribution (a histogram with the density of probability and a QQ plot). Statistical modeling was done in the statistical software environment
of R (r-project 2013).
Statistical modelling of wood moisture content
produced the essential parameters of regression models: R-squared of the model, (b) standard error (SE)
of the model, and ( c) 95% confidence interval (CI) of
the regression line. The confidence interval for individual predictors is substantially larger than the one
computed above for the predicted mean (Sachs 1982).
The most important external parameters in relation to
regression models include the optimal number of measurements, repeatability of measurements and the repeatability (reproducibility or validation) of regmodels. Repeatability of results of measurement is defined
as closeness of the agreement between the results of
successive measurements of the same measuring carried out under the same conditions of measurement
(ISO 3534-1:1993). Validation of regression models is
based on the following property (Sachs 1982): the
variance of a sum or difference of independent random variables (e. g. old and new samples) is equal to
the sum of their variables, i.e.
(1)
D(X + Y) = DX + DY.
As rough approximation we can assume that the
residual variances DX and DY of two models are equal,
DX = DY, and the standard error of the new regression model SE1 is:
2014, Vol. 20, No. 1 (38)

SE1 = D ( X + Y ) = 2 DX ≈ 1.4 SE
(a) R-squared:
R2 = 1 −

∑( y
∑y

i

i

− yˆ i ) 2
− y )2

(2)

The expression (2) is a measure of how well the
predicted (Oi ) values fit. The less the observed values depart from the fitted line, the smaller this ratio is
and the closer R 2 is to 1. Thus R 2 can be considered
a measure for how well the regression line explains the
observed values.
(b) Standard error of regression model (SE):
n

SE =

∑( y
i =1

i

2
− yˆ )

(3)

n−2

SE is a measure of the inadequacy of fit for the fitted
equation O = a + bx, or of the error which is made in
the estimation or prediction of y from given values of
x (Sachs 1982).
Wood electrical equivalent resistance method was
used for experimental determination of the resolution
of the moisture meter Gann HT 85T in electrical resistance units on two moisture levels selected in the beginning and end of the moisture range above FSP (30100% MC). For simulation of equivalent wood electrical resistances in the moisture meter input, a resistance
box type P4002 was used, which had the accuracy class
of 0.05 and a selectable resistance range of 10 kW100
MW (Metrosert 2013). Different resistances were used
in the moisture meter input so that the reading would
change ± 0.1% MC on a selected moisture level. The
divergence of the resistances in this range is corresponding to the experimentally determined resolution.
For calculating the resolution according to the actual
MC (that is, gravimetric MC determined with the ovendry method), the most reliable (confirmed by both the
Kolmogorov-Smirnov test and the Shapiro-Wilk test)
regression line was used based on the presumption of
it being 100% reliable. This way, the regression line
obtained a fixed transfer function, that is, it acted as a
calibration curve (corrected in the comparison test). It
was also noted that resolution is an idealised parameter (a certain limit value) of a measuring device, which
actual measuring accuracy never achieves.

Results
Research results are presented in the following
Tables and Figures. Tables 1, 2 and 3 are presenting
the results of processing of the experimental data by
the method of descriptive statistics for three hardwood
species. Tables 4, 5 and 6 are presenting the results
ISSN 2025-9230
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Table 1. Testing of moisture meters on black alder specimens
Statistical
parameter
Range 1
Range 1, mean
Range 1, st. dev.
Range 2
Range 2, mean
Range 2, st. dev.
Range 3
Range 3, mean
Range 3, st. dev.



Table 4. Modelling of moisture meters on black alder specimens. Independent variable in regression model is moisture
meter reading in MC %

Moisture meter readings

Oven dry
actual MC %
68.6  124.8
105.7
12.154
52.7  65.5
59.5
3.66
27.3  37
31.56
2.031

Gann
(MC %)

NDT James
(MC %)

FMD  6
(MC %)

32.6  39.2
35.9
1.299
26.8  30.9
28.6
1.104
19.9  23.8
21.8
0.793

30.4  33.3
31.6
0.819
25.4  30.7
27.7
1.259
23  29
25.6
1.52

29.8  33.5
31.8
0.908
26.4  28.7
27.4
0.577
21.4  24.7
23.1
0.718

Table 2. Testing of moisture meters on birch specimens
Statistical
parameter
Range
Range
Range
Range
Range
Range
Range
Range
Range



1
1,
1,
2
2,
2,
3
3,
3,

mean
st. dev.
mean
st. dev.
mean
st. dev.

Moisture meter readings

Oven dry
actual MC
%

Gann
(MC %)

NDT James
(MC %)

FMD  6
(MC %)

69.4 -91.5
85.2
3.85
44.5  60.3
49.8
4.44
26.4 - 37
30.3
2.355

38.3  46.8
42.4
2.129
31.9  36.6
34.1
1.312
22.5 -28.8
24.9
1.423

32  36.6
34
1.067
27.3  31.2
29.4
1.167
23.3  29.5
26.6
1.409

31.3  36.8
33.8
1.22
27.2 - 31
28.8
0.914
23.2  28.7
25.2
1.069

Table 3. Testing of moisture meters on aspen specimens
Statistical
parameter
Range
Range
Range
Range
Range
Range
Range
Range
Range



1
1,
1,
2
2,
2,
3
3,
3,

mean
st. dev.
mean
st. dev.
mean
st. dev.

Moisture meter readings

Oven dry
actual MC %
86.5  117.2
107
7.745
39.2  70.5
56.5
7.866
23  40.6
29.9
3.482

Gann (MC
%)

NDT James
(MC %)

FMD  6
(MC %)

43.7  50.1
47.4
1.327
33.6  37.6
35.9
1.07
20.5  29
24.3
1.911

34.8  39.7
37.6
1.018
28.2  33.4
30.5
1.251
21.8 - 29.2
25.3
1.753

31.5  35.7
32.6
0.885
24.9  30.1
27.2

1.25
20  29.3
23.5
1.856

of modelling of moisture metres for three hardwood
species and Figures 1, 2 and 3 display the results
graphically. Figures 4 and 5 present the regression
residuals histogram and Q-Q plot (propability paper)
corresponding to positive Shapiro-Wilk test results.
According to the Kolmogorov-Smirnov test, the distribution of prediction residuals in the regression model
may be considered close to normal. The regression
models used in all comparisons fit this definition.
According to the Shapiro-Wilk test, the distribution 
of residuals in the regression model may be considered normal. The regression models in two comparisons (black alder  Gann HT 85T and birch  NDT
James Moisture Master) fit this definition.
The resolution of the moisture meter Gann HT 85T
according to resistance was experimentally determined
(the wood group switch was in the 3 rd position and
the temperature switch in the 20°C position) with the
resistance simulation method for two wood MCs: wood
MC of 85.4% ± 0.1% MC produced the resolution of
2014, Vol. 20, No. 1 (38)
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Meter

Parameter



No. of observations
Intercept (Int.)
Lower 95% of Int.
Upper 95% of Int.
p-value of Intercept
Slope (Sl.)
Lower 95% of Sl.
Upper 95% of Sl.
p-value of Slope
2
R-squared (R )
Standard Error of
Regmodel (SE)
p-value of
Regmodel
*)
ks. test of
residuals, p-value
Shapiro-Wilk test of
residuals, p-value
*)

Gann HT 85T

NDT James

FMD-6

134
0.711
0.675
0.748
p < 0.001
0.03640
0.0352
0.0376
p < 0.001
0.963
0.04836

133
-0.358
-0.514
-0.201
p < 0.001
0.0743
0.0688
0,0798
p<0.001
0.847
0.09783

134
0.573
0.458
0.688
p < 0.001
0.0427
0.0387
0.0468
p < 0.001
0.765
0.1213

p < 0.001

p < 0.001

p < 0.001

p = 0.5412 > 0.05

p = 0.4156>0.05

p = 0.1224>0.05

p = 0.2274 > 0.05

p = 0.0177<0.05

p = 3.0e-5<0.05

ks.test  Kolmogorov-Smirnov test of residuals

Table 5. Modelling of moisture meters on birch specimens.
Independent variable in regression model is moisture meter
reading in MC %
Parameter
No. of
observations
Intercept (Int.)
Slope (Sl.)
R-squared (R2)
Standard Error of
Regmodel (SE)
ks. test of
residuals,
p-value

Meter
Gann HT 85T

NDT James

FMD-6

134

134

134

0.8673
0.0249
0.968
0. 0385

0.0437
0.05504
0.920
0.0604

0.2468
0.0495
0.942
0.0514

p = 0.1069 > 0.05

p = 0.7638 > 0.05

p = 0.1995 > 0.05

Table 6. Modelling of moisture meters on aspen specimens.
Independent variable in regression model is moisture meter
reading in MC %
Parameter
No. of
observations
Intercept (Int.)
Slope (Sl.)
2
R-squared (R )
Standard Error of
Regmodel (SE)
ks. test of
residuals,
p-value

Meter
Gann HT 85T

NDT James

FMD-6

140

140

140

0.894
0.0239
0.982
0.0361

0.399
0.0432
0.946
0.0619

0.155
0.0568
0.936
0.0676

p = 0.4579 > 0.05

p = 0.1469 > 0.05

p = 0.09119 > 0.05

10 kW ± 0.104 kW, b) wood MC of 30% ± 0.1% MC produced the resolution of 370 kW ± 5 kW. The resolution of a wood moisture meter according to resistance
is significant when a resistance meter is added in the
moisture meter comparison test.
According to a statistical model, the resolution of
the moisture meter Gann HT 85T was calculated at
wood actual MC as follows: a) 97% MC produced the
resolution of 0.82% MC, and b) 27% MC produced the
resolution of 0.23% MC. According to the actual MC
ISSN 2025-9230
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Figure 1. Regression lines of testing wood moisture meters
Gann HT 85T, NDT James Moisture Master and Brookhuis
FMD-6 on black alder specimen with their 95% confidence
and tolerance bands (LOG(MC actual %)  actual MC in
log 10; Gann, NDT, FMD  meter reading MC, %)
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Figure 2. Regression lines of testing wood moisture meters
Gann HT 85T, NDT James Moisture Master and Brookhuis FMD-6 on birch specimen with their 95% confidence and
tolerance bands (LOG(MC actual %)  actual MC in log10;
Gann, NDT, FMD  meter reading MC, %)
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Figure 4. Black alder  Gann HT 85T histogram of residuals with curve of density of probability of normal distribution and Q-Q plot of regression model
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Figure 3. Regression lines of testing wood moisture meters
Gann HT 85T, NDT James Moisture Master and Brookhuis
FMD-6 on aspen specimen with their 95% confidence and
tolerance bands (LOG(MC actual %)  actual MC in log10;
Gann, NDT, FMD  meter reading MC, %)
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above FSP, the total resolution based on a robust
approach, is approximately 1% MC.
From a practical standpoint, it is vital to answer
the question of up to which MC the moisture meters
can reliably be used. In using moisture meters, the upper
MC limit has been determined with an electrical resistance value at which the meter still displays a stable
reading. Depending on the tree species, this value may
be different. For example, the research (Tamme et al.
2012b) found the minimum electrical resistance to be 10
kÙ, which corresponded to the average oven-dry MC
of 146% of the pine sapwood specimen.
Statistical modelling of experiment data confirmed
the progressive increase in the absolute error in a single measurement of wood actual MC as the average
absolute MC rose. The absolute error found by the
moisture meter Gann HT 85T on the basis of the modISSN 2025-9230
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8

10

of all three tree species compared to the other two
moisture meters NDT James and FMD-6 used in the
experiments.
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Figure 5. Birch  NDT James Moisture Master histogram
of residuals with curve of density of probability of normal
distribution and Q-Q plot of regression model

el on the same confidence level (95%) and for the
average MC of 27% was ± 3.9% MC; for the average
MC of 60% it was ± 10% MC and for the average MC
of 97% the absolute error was ± 17.5% MC. The absolute error with a + sign was determined on the basis
of the upper 95% confidence limit of regression parameters and the absolute error with a - sign was
determined on the basis of the lower 95% confidence
limit of regression parameters.
When comparing the moisture meters used in the
experiments, it can be suggested based on tables 4, 5
and 6 that the SEs of the regression models developed
for the moisture meter Gann HT 85T are, in the case
of all three tree species, approximately two times smaller than those for moisture meters NDT James and
FMD-6. Moreover, R-squared values of the models
produced for Gann HT 85T are the greatest in the case
2014, Vol. 20, No. 1 (38)

The standard deviation (st. dev.) in the empirical
distribution of the MCs determined in the specimens
with the oven-dry method indicates a downward trend
when the specimens are slowly dried under equal conditions (see Tables 1, 2 and 3). This trend emerged in
case of the specimens of all three dried tree species.
The fact that a slow drying mode evens out the differences between the average MCs of the specimens
is, most likely, one of the manifestations of Ficks law.
Modelling of wood MC above FSP improves the
accuracy of determining wood MC. This quality can be
best illustrated by (figuratively) transferring the modelling results obtained in this research to a real production situation (in sawmills, treatment plants and so on).
Example (of a figurative construction): 60 boards
(i.e. the sample) have been randomly selected from a
batch of black alder boards (e.g. the population). The
task is to estimate the average moisture content of the
batch of wood based on the sample. First, the ovendrying method is used. If the moisture content of a single board is determined by oven-drying, the average
possible error is 12.2% (see row St. dev. of range 1
Table 1 in the case of an average MC of 97% chosen
for the example calculated by the parameters of regression model described in the Table 4). However, determining the moisture content of all 60 boards by ovendrying enables detecting the average moisture content
(97% MC in this specific example) with great accuracy
(see Table 1 data, at least 1.58% MC). In spite of the
high accuracy of the oven-dry method, it also has a few
flaws. Firstly, it will take a few days to get the results.
During this time, the wet wood has continued to dry
on the storage site and thus, the results may no longer
be reliable. Secondly, this method is a destructive one
as sawing the specimens out of the boards reduces the
quality of the remaining board parts. Thirdly, the cost
of electric energy, labour force and equipment (highquality drying chambers and precise scales) is high. All
in all, using the oven-dry method in practice is only
justifiable in certain cases and for the purpose of developing statistical models. In the following segment,
the average moisture content of 60 boards (sample) is
predicted on conditions equal to those of the oven-dry
method. Data in Table 1 is applied separately to variables and data in Table 3 is used for the regression model
of the moisture meter Gann HT 85T. By measuring the
moisture content of a single randomly selected board
with the moisture meter Gann HT 85T, the average posISSN 2025-9230
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sible margin of error is 17.5% MC (the margin of error,
in this case, is somewhat larger than in the case of the
oven-dry method where it is 12.2% MC). If the average
moisture content of the 60 boards (which as in the previous examples was 97% MC) is predicted on the basis
of the SE of the regression model, the possible average margin of error is 1.12% MC. Therefore, the prediction of the average moisture content of the wood
batch based on the model has proven to be surprisingly accurate. To confirm this prediction, the 60 boards
of the sample must be actually measured. If a wood
moisture meter has a memory for recording readings (as
in FMD-6 or Gann model 2050), the actual measuring
speed is two measurements per minute and the entire
procedure would take half an hour. Let us assume that
instead of 60 measurements we limit ourselves to 30
measurements, thereby halving the number of measurements. In that case, the SE of the model would increase
by four times based on the equation (3), and in predicting the average moisture content, we would have
on average a margin of error of 1.56% MC. According
to the model repeatability principle, the measuring series of the next 60 measurements (that is, the new sample) should result in a 1.4 time increase in the SE. This
would mean that in the next moisture content prediction based on the previous model and new measuring
data, we would on average have a margin of error of
1.17% MC.
In the modelling of wood moisture content, it is
important to keep in mind that there is no real need to
use calibrated measuring instruments such as wood
moisture meters. Therefore, the metrological parameters
that were significant for calibrated wood moisture meters (e.g. accuracy, repeatability, reliable measuring
range, etc.) take on a new meaning in a statistical model even from the point of view of the model as a whole.
For example, an analogy could be drawn between the
terms accuracy and quality of the model and confidence
interval of estimated regression parameters, and reliable measuring range could be similar to reliable model
domain, and repeatability could be compared to model reproducibility, etc. If this research had made use
of three electrical resistance meters (that is, if their scale
readings would have been given in kW) instead of three
calibrated wood moisture meters, there would probably
not have been any noticeable changes in the obtained
regression model parameters. The only prerequisite for
measuring instruments used for modelling is their sufficient moisture sensitivity (that is, upon a single-unit
change in wood moisture content their output signal
should be reliably detected). Linearity of the output
signal of the used measuring instruments as well as time
stability would also improve the essential parameters
of the statistical model. The methodology applied in this
2014, Vol. 20, No. 1 (38)
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research does not require according to Vermaas (Vermaas 2002) attempts to calibrate resistance moisture
meters for use above f. s. p..

Conclusions
To acquire the calibration curve, the in situ calibration method is used, which is characteristic of nondestructive methods. It is presumed that an individual measurement is non-reliable; essentially the precalibration of the moisture meters by the manufacturer is also ignored. The statistics procedure automatically adapts to the pre-calibration and produces correct parameters of the model. With this, the pre-calibrated wood moisture meters are recalibrated. The recalibration curve is found for the average values of a
large number of measurements, as is the practice in
non-destructive methods.
Modelling of experiment data confirmed the progressive increase in the absolute error in a single measurement of wood MC with resistance-type moisture
meters as the average absolute of MC rose. Based on
the model, the absolute error on the same confidence
level (95%) and for the average MC of 27% was ± 3.9%
MC, for the average MC of 60% it was ± 10% MC and
for the average MC of 97% the absolute error was ±
17.5% MC. The predicted error of wood average MC
by the same model was ± 1.12% MC. The model was
also used to predict the resolution of resistance-type
moisture meters, which was found to be approximately
1% MC. It was found that in the modelling of wood
moisture content, utilization of measuring instruments
previously calibrated into wood moisture meters is not
necessary. Necessary prerequisites include moisture
sensitivity of measuring instruments, linearity of output signal, and time stability.
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MÎÄÅËÈÐÎÂÀÍÈÅ ÏÐÈÁÎÐÎÂ ÈÇÌÅÐÅÍÈß ÂËÀÆÍÎÑÒÈ ÏÎ ÑÎÏÐÎÒÈÂËÅÍÈÞ
ÍÀ ÏÐÈÌÅÐÅ ÒÐÅÕ ËÈÑÒÂÅÍÍÛÕ ÄÅÐÅÂÜÅÂ (ÎËÜÕÀ ×ÅÐÍÀß, ÁÅÐÅÇÀ, ÎÑÈÍÀ)
ÏÐÈ ÑÎÄÅÐÆÀÍÈÈ ÂËÀÆÍÎÑÒÈ ÂÛØÅ ÒÎ×ÊÈ ÍÀÑÛÙÅÍÈß ÎÄÍÎÃÎ ÂÎËÎÊÍÀ
Â. Òàììå, Ï. Ìóéñòå, À. Ïàäàðè è Õ. Òàììå
Ðåçþìå
Äëÿ èçìåðåíèÿ ñîäåðæàíèÿ âëàæíîñòè äðåâåñèíû øèðîêî èñïîëüçóþòñÿ ïîðòàòèâíûå ýëåêòðè÷åñêèå ïðèáîðû
ñîïðîòèâëåíèÿ. Ïðè óâåëè÷åíèè âëàæíîñòè äðåâåñèíû â ïðåäåëàõ âûøå òî÷êè íàñûùåíèÿ âîëîêíà òî÷íîñòü
èçìåðåíèÿ òàêèõ ïðèáîðîâ íà÷èíàåò ïðîãðåññèâíî ñíèæàòüñÿ. Â äàííîé ðàáîòå ïðåäñòàâëåíà êâàíòèòàâíàÿ
õàðàêòåðèñòèêà äàííîè õîðîøî èçâåñòíîé êâàëèòàòèâíîé òåíäåíöèè. Ïîêàçàíèÿ òðåõ ïðèáîðîâ îò âåäóùèõ
ïðîèçâîäèòåëåé äëÿ èçìåðåíèÿ âëàæíîñòè ñðàâíèâàëè ñ àáñîëþòíîé âëàæíîñòüþ îïðåäåëåííîé ìåòîäîì âçâåøèâàíèÿ
âûñóøåíûõ îáðàçöîâ. Èç êàæäîãî âèäà äðåâåñèíû (îëüõà ÷åðíàÿ, áåðåçà, îñèíà) áûëè èçãîòîâëåíû 60 îáðàçöîâ ñ
ðàçìåðàìè (60×60×100) ìì3. Îáðàçöû ñóøèëè äî æåëàåìîãî ñîäåðæàíèÿ âëàæíîñòè â êëèìàòè÷åñêîé êàìåðå ïðè
îäèíàêîâûõ óñëîâèÿõ (òåìïåðàòóðà 32oC è îòíîñèòåëüíàÿ âëàæíîñòü âîçäóõà RH 98% ). Âñå èçìåðåíèÿ ïðîâîäèëè ïðè
êîìíàòíîé òåìïåðàòóðå 20 oC.
Íà îñíîâå ñòàòèñòè÷åñêîãî ìîäåëèðîâàíèÿ ïðè îäèíî÷íîì èçìåðåíèè ÌÑ (moisture content) äðåâåñèíû
ïîäòâåðäèëîñü ïðîãðåññèâíîå ñíèæåíèå òî÷íîñòè èçìåðåíèÿ ïðèáîðîâ âëàæíîñòè íà îñíîâå èçìåðåíèÿ ñîïðîòèâëåíèÿ
ïðè óâåëè÷åíèè ñðåäíåé àáñîëþòíîé âëàæíîñòè äðåâåñèíû. Ïðè 95% äîâåðèòåëüíîì óðîâíå è ïðè ñðåäíåì MC=27%
àáñîëþòíàÿ îøèáêà èçìåðåíèÿ ñòàòèñòè÷åñêîé ìîäåëè áûëà ±3,9% MC, ïðè ñðåäíåì MC=60% àáñîëþòíàÿ îøèáêà
èçìåðåíèÿ ñòàòèñòè÷åñêîé ìîäåëè áûëà ±10.0% MC è ïðè ñðåäíåì MC=97% àáñîëþòíàÿ îøèáêà èçìåðåíèÿ
ñòàòèñòè÷åñêîé ìîäåëè áûëà ±17.5% MC. Íàèìåíüøàÿ îøèáêà ïðîãíîçà ñðåäíåãî ÌC äëÿ äðåâåñèíû ïî äàííîé
ìîäåëè áûëà ±1.12% MC. Íà îñíîâå ïðåäñòàâëåííîé ìîäåëè áûë ñîñòàâëåí ïðîãíîç ïðåäåëà ðàçðåøåíèÿ
èñïîëüçîâàííûõ ïðèáîðîâ äëÿ èçó÷åííîé äðåâåñèíû ïðè ñðåäíèõ MC, ñîîòâåòñòâóþøåå çíà÷åíèå ïîëó÷èëè â
ïðåäåëàõ 1% ÌÑ.
Êëþ÷åâûå ñëîâà: ñóøêà äðåâåñèíû, èçìåðèòåëü âëàæíîñòè äðåâåñèíû, âûøå FSP.
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