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Background. To ensure the safety of trees, two NDT (nondestructive testing) techniques,
electric resistance tomography and stress wave tomography, were employed to
quantitatively detect and characterize the internal decay of standing trees. Comparisons
between those two techniques were done to make full use of the individual capability for
decay detection. Methods. Eighty trees (40 Manchurian ash and 40 Populus simonii) were
detected, then wood increment cores were obtained from each cross disc trial. The D,
which was defined as the value determined by t he mass loss ratio of each wood core, was
regarded as the true severity of decay. Using ordinary least-squares regression to analyze
the relationship between D,and D, (which was defined as the severity of decay determined
by electric resistance tomography) and between D, and D, (which was defined as the
severity of decay determined by stress wave tomography). Results. The results showed
that both methods could estimate the severity of decay in trees. In terms of different
stages of decay, when D,<30%, D, had a strong positive correlation with D, (R?*=0.677,
P<0.01), while, when D,=30%, D, had a significant positive correlation relationship with D,
(R?=0.644, P<0.01). Conclusion. Electric resistance tomography was better than stress
wave tomography for testing in the early stages of decay, while stress wave tomography
can be used effectively in the late stage of decay. It is suggested that each technique can
be used in the practice of internal decay testing of standing trees based on decay stages
and operating conditions.
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ABSTRACT

Background. To ensure the safety of trees, two NDT (nondestructive testing) techniques,
electric resistance tomography and stress wave tomography, were employed to quantitatively
detect and characterize the internal decay of standing trees. Comparisons between those two
techniques were done to make full use of the individual capability for decay detection.

Methods. Eighty trees (40 Manchurian ash and 40 Populus simonii) were detected, then wood
increment cores were obtained from each cross disc trial. The D,, which was defined as the value
determined by the mass loss ratio of each wood core, was regarded as the true severity of decay.
Using ordinary least-squares regression to analyze the relationship between D; and D. (which
was defined as the severity of decay determined by electric resistance tomography) and between
Dy and D, (which was defined as the severity of decay determined by stress wave tomography).
Results. The results showed that both methods could estimate the severity of decay in trees. In
terms of different stages of decay, when D<30%, D, had a strong positive correlation with Dy
(R’=0.677, P<0.01), while, when D,>30%, D had a significant positive correlation relationship
with D, (R’=0.644, P<0.01).

Conclusion. Electric resistance tomography was better than stress wave tomography for testing
in the early stages of decay, while stress wave tomography can be used effectively in the late
stage of decay. It is suggested that each technique can be used in the practice of internal decay
testing of standing trees based on decay stages and operating conditions.

Keywords: Nondestructive techniques in live trees; Electric resistance tomography; Stress wave
tomography; The severity of decay; Mass loss
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INTRODUCTION

Nondestructive testing (NDT) can detect the decay of wood quickly and accurately without
damaging the wood (Pellerin & Ross, 2002). Along with the characteristic index and diagnosis of
the internal condition of wood, NDT can provide a scientific basis for assessment of standing
trees and can guide forest management, as well as provide an important reference for bucking
and processing of wood. In recent years, a variety of non-destructive evaluation techniques have
been used to investigate and detect the internal decay of standing trees (Brasgaw et al., 2009;
Ruz, Estevez &Ramirez, 2009). Practical applications show that each technology has its
advantages and disadvantages. Therefore, it is necessary to compare these technologies to
determine appropriate technologies that are suitable for the specific survey conditions of the trees
in the forest.

Electric resistance tomography (ERT) is a rapidly developed technique for wood defect
detection in recent years (Hagrey, 2006; Hagrey, 2007; Humplik, Cermak & Zid, 2016). The
principle of ERT technique is that when the instrument opens the test switch, current excitation is
generated at the test cross-section, and the peripheral voltage of the truck can be measured. The
discrete network in the cross section is calculated by the specific algorithm inside the instrument.
The resistance value of each point after the gridding and the different values are assigned to
different pixels after digital image processing is output, that is, a 2D(two-dimensional) image of
resistance detection is established (Bertallot, Canavero & Comino, 2000). ERT’s application to
wood defect detection has been proved (Just &Jacbbs, 1998). Combined with acoustic computed
tomography and electric impedance tomography (Nicholas et al., 2011), ERT has been used to
detect and quantify the internal decay of standing trees. As a measure of resistance, ERT can be
used to analyze moisture distribution and movement in the trunk (Xu & Hang, 2008; Nadler &
Tyree, 2008). ERT has been used to evaluate trunk decay or the sapwood-heartwood interface in
dicotyledonous and coniferous trees (Guyot et al., 2013; Nicolotti et al., 2003; Lin et al., 2012).

Stress wave technology is commonly used as a nondestructive testing technique for wood
(Robert et al., 2005; Gilbert & Smiley, 2004). Stress wave tomography (SWT) is a two-
dimensional image formed by the relative velocity of stress wave propagation to reflect the
internal conditions of the wood. The specific process is to use a pulse hammer to knock the stress
wave sensor fixed on the trunk to make the propagation of stress mechanical waves inside the
trunk, by measuring the time at which other sensors receive the wave signal, and converting it
into the corresponding direction of the propagation velocity, and then reconstructing by the wave
velocity matrix transformation to form a two-dimensional image of the measured cross section,
so it can intuitively reflect the internal conditions of the wood section (Huang et al., 2013). Due
to the ability to detect mechanical properties and internal defects, stress wave tomography is
widely used to detect wood defects. The application and propagation rules of SWT were studied
by detecting defects in trees and an assessment of the safety conditions of trees was provided
(Wang et al., 2007). The number of sensors can influence the fit and error rate of stress wave
images, at least 12 sensors are needed to make the image fit close to 90%, and the error rate is
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reduced to 0.1(Wang, Xu & Zhou, 2007). Study has indicated that the relationship between stress
waves and resistance values was significant (Allison, R. B., & Wang, 2015).

However, to date, the exact technology that matched the specific investigation conditions of
standing trees in the forest has not yet been accurately found. In this paper, therefore, we aim to
make comparisons between ERT and SWT. On the basis of field and laboratory tests, the decay
of standing trees trunks was detected, and the different stages of decay were quantitatively
described. Three methods were used to test the cross-section of the standing wood: ERT, SWT,
and mass loss of wood increment cores. Taking wood core samples as research objects, the
results of the other two non-destructive testing methods were compared to determine the
appropriate technology suitable for conditions of standing trees in the forest.

Materials and Methods

Field testing

The study was conducted at the Northeast Forestry University Experimental Forest Farm, Harbin,
Heilongjiang Province, China. The area is located at longitude 126°37" E, latitude 45°43' N,
140m above sea level, and a slope of 5°. The study area is 43.95 hectares, located in the warm
temperate zone semi-humid monsoon climate zone; the annual average temperature is 3.6 °C.
The highest temperature in July was 36.4°C and the lowest temperature in January was -38.1°C.
In the frost-free period, the average rainfall in the area is 600 mm/year. By reforestation between
the early 1950s and the end of the 1960s, trees mixed species have been divided into 46 sample
plots, each with different type of trees.

In July 2017, in the experimental forest, an experienced forester visually identified 30
Manchurian ash and 30 Populus simonii standing trees that could potentially have internal decay,
then 10 solid Manchurian ash and 10 solid Populus trees were also selected, they all were
marked in order (Number 1 to number 30 were decay, and number 31 to 40 were solid) . All
selected trees were between the ages of 50~60 years old. The DBH (diameter at breast height) of
Manchurian ash trees was 20~38 cm, and that of Populus trees was 30~50 cm.

Nondestructive testing of trees

The instruments used were: PICUS Tree Tronic Electrical Resistance Tomography (ERT) (Argus
GmbH, Germany), Arbotom Stress Wave Tomography (SWT) (RINNTECH GmbH, Germany).
ERT measurements were conducted at 100 cm above the ground. The Picus ERT measurement
system consisted of 12 electrodes that were evenly placed around the trunk along the horizontal
plane during the test. For ease of analysis, the first electrode was arranged in south and the other
electrodes were arranged equidistantly in a clockwise manner. Each electrode was clipped and
attached to a nail (2 mm in diameter) that had been tightly inserted into the bark and sapwood.
After the electrodes were connected, resistance tests were started. In order to reduce the error,
two tests were performed at each tree, and the current histograms displayed on the instrument
were observed. If there were two differences, a third test must be performed, and then the output

What does this mean?
How do you count the differences?
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111  file name was recorded for subsequent analysis, the field test of ERT \I)vas shown in Fig.1. Upon

112 completion of ERT measurements, 2D tomograms were obtained combined with the Picus Q72

113 software program.

114 After ERT inspections were completed, SWT measurtlzments were carried out (the same

115 positions as for ERT measurement), the field test of SWT was shown in Fig.2. All sensors were

116 located almost the same as ERT sensors’ positions in the trees, and the transducer” v%%rgonnected-rhis is rather

117 at an angle of 90° to the trunléslongitudinal axis to detect the propagating travel time. Firstpoorly describec
Since sw

i i . tomography is
119  at the other 11 points. Hammer tapping was made from each point 1 to points 2, 3,4, 5, 6, 7, 8, 9,a fairly

120 10, 11, and 12. Measurements were repeated with the transmitter probe at each point. A complete}’éi'rl;r:';i‘gnthis
121 data matrix was obtained using this measurement process at each test location. Thesemay be ’

118 positioned the transmitter probe at point 1, where the receiver probe acquired stress wave pulses

122 measurements are used as input to the system software. Due to differences in species and paths,Unnecessary?
123 two-dimensional (2D) tomographic images were acquired from the original stress wave
124  transmission time using ARBOTOM software to understand the experimental values in this study.

125 Wood cores obtaining

126 Wood cores were extracted from the two directions of each cross section using a Swedish
127 wood core drill (diameter 6mm): one was from the south to the north in the radial direction and
128  the other was from the east to the west in the radial direction, as shown in Fig.3. When a wood
129  core was decayed, we would get a solid core nearby for comparison. The wood core samples
130 were shown in Fig. 4. After being extracted, the wood cores were immediately put in ziplock
131  bags and were taken back to the laboratory. They were divided into pieces of 1cm, and then they

. . . . . 1 tions?
132 were dried to constant weight at 70° C in an electric blast oven and weighed. cm sections

Why 70 C? This does not provide OD weight!
133 Calculations and data analysis

134 (1) Calculation of the true severity of decay

135 Firstly, mass loss of each wood core was calculated. D; was defined as the true severity of
136 decay and it was determined by the mass loss of each wood core. Weight per unit length of solid

137 wood core (m;") was calculated as
??7?

m _m 1
8 Ls ’ ( )
138 Where my" was the weight per unit length of solid wood cores (g/cm), m, was the weight of

139 solid wood cores extracted nearby the decayed wooden core (g), and Ls was the length of the
140  solid wood cores. If the decayed wood core was still solid, the estimate weight (my") was

141 calculated as
’ !

md = ms xL ’ (2)
142
143 Where my" was the estimated weight of decayed wood core circumstanced solid (g), ms" was
??7?

This is very-very poorly explained. First: both healthy and decayed wood is solid, so this term is ambiguous in the context. Please use
healthy (or intact, etc.) instead. Second. please come up with a better term then above, this one makes no sense!
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the weight per unit length of solid wood core (g), and L was the length of decayed wood core
(cm). The mass loss of each core (Am) was calculated as

Am=my -my, (3)

Where Am was the mass loss of each wood core (g), my' was the estimated weight of decayed

wood core circumstanced solid (g), m,; was the actual weight of the decay wood core (g). The
severity of decay determined by the mass loss (D;) was calculated as

A
D, =" %100% )

mgy

9

Where the D; was the severity of decay determined by the mass loss of each wood core, the
Am was the mass loss of each core (g), my" was the estimated weight of decayed wood core
circumstanced solid (g)

(2) Calculation of the severity of decay detected by ERT and SWT

Based upon nondestructive testing of ERT and SWT, the electrical resistance 2D tomograms and
stress wave velocity 2D tomograms were acquired. The solid trees of the same species have the
similar 2D tomograms, and decay trees have different 2D tomograms, as shown in Table. 1 of
Appendix 1. Table A?

In order to quantitatively evaluate the ER tomograms of sample trees, all corresponding
electrical resistances (ERs) at each pixel in the tomogram were further calculated by
visualization and inversion of the tomograms, and ER maps of the cross-sections were displayed
using MatLab software (MathWorks, USA). The schematic diagram of the ERT and
corresponding ER diagram grids are shown in Figs. 5 and 6, respectively. D, was defined as the
severity of decay detected by ERT, and it was calculated as

D, _Ro-Ra 100% 4)
R,

Where D, was the severity of decay determined by ERT, R, was the average ER value of the
detection direction in the section of the same healthy tree species (£2), and R4 was the average ER
value of the detection direction in the decayed section (Q).

The velocity distribution of stress waves in a cross-section is shown in Fig. 7. The processing
of the stress wave velocity distribution was similar to the ER diagram. D, was regarded as the

severity of decay detected by SWT, and it was calculated as
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D

S

V.-V,
= 100% (5)
i

>

Where D was the severity of decay detected by SWT, V; was the mean velocity of the stress
wave in the cross-section of the same healthy tree species (m/s), and Vywas the average velocity
of the stress wave in the direction of the decay cross-section (m/s).

Results

According to the previous calculation and analysis, the severity of decay determined by the wood

core mass loss rate was regarded as the true severity of decay (D), the severity of dec

determined by ERT (D,), and the severity of decay determined by SWT (D) were calculated,
and the results were presented in Table. 1. All the data were statistically analyzed, shown in
Table.2.

Effectiveness of ERT in detecting decay

Used SPSS (Statistic Package for Social Science) software to perform the regression analysis of
D, and Dy, and the analysis results are as follows.

The correlation coefficient (R?) between D, and Dy is 0.516 (P<0.01), and the linear regression
equation is

D.=0.6659D+11.852, (6)

When D; was divided into two parts, D, <30% and D, >30%, some diffidence was revealed.
When D, <30%, the correlation coefficient (R) between D, and D, is 0.677 (P<0.01), and the
linear regression equation is

D~=1.3033 D, +4.2855, (7)

When D, =30%, the correlation coefficient (R) between D, and D; is 0.300 (P<0.01), and the
linear regression equation is

D=0.7174 D, +8.2687, (8)

These results are plotted in Fig. 8.
Effectiveness of SWT in detecting decay

SPSS software was also used to conduct the regression analysis of D, and D,, and the analysis
results are the following.

The correlation coefficient (R) between D, and D, is 0.638 (P<0.01), and the linear regression
equation is

D, =0.9993 D, +7.5369, (9)
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195 When D, <30%, the correlation coefficient (R) between D, and D, is 0.398 (P<0.01), and the
196 linear regression equation is

D;=1.2501 D, +5.9497, (10)

197 When D>30%, the correlation coefficient (R) between D and D, is 0.644 (P<0.01), and the
198  linear regression equation is

D,;=1.3441 D, -8.0242, (11)

R Please show all three trendlines on both diagrams. Otherwise it is
199 These results are plotted in Fig. 9 1314 to understand why there is such a remarkable difference in slope.

200 Discussion

201  Analysis of the relationship between D, and D,

202  Once the wood is infected by wood-destroying fl}gg(ia,nits cell walls are decomposed and cause the
203 wood to rot and disintegrate. When the wood is rotted and discolored, the hypha growth requires
204 a lot of water, which will increase the moisture content of the decayed area, and then ions will be
205 released from the wood cells. Studies (Houston, 1971) have shown that with the discoloration
206 and decay of standing trees, the content of metal ions such as potassium, calcium, manganese,
207 and magnesium in the rotten wood increase. As the concentration of cations increased, the
208 electrical resistance of decayed and discolored wood was significantly reduced compared to
209 healthy wood (Ostrofsky, Jellison & Smith, 1997; Nilsson, Karltun & Rothpfeffer, 2002; Jonas,
210 Carmen & Jan, 2011). The severity of decay detected by ERT (D,) mainly reflects the increase of
211 the moisture content and metal ions in the decayed trees (Bieker & Rust, 2010). The severity of
212 decay determined by mass loss rate of wood (D,) mainly reflects the wood weight loss rate,
213 which is closely related to decay distribution range, wood structural damage, and mechanical
214 strength. Both D, and D; reflect the different stages of decay in wood. In this study, when D;
215 <30%, there was a significant correlation between D, and D,, and the correlation coefficient was
216 the highest. Therefore, ERT can make a good diagnosis in the early stages of decay in trees. If
217 ERT is use;)d to detect wood in the early stages of decay, so we can know the condition of the

early? ) .
218  trees time)fy and can deal with the damage caused by decay as soon as possible.

219  Analysis of the relationship between D; and D,

220 If a large amount of cellulose, hemicellulose, and lignin in wood are corroded by woody rot,
221  decay will occur, and the density will decrease accordingly, and hollow defects will form inside
222 the wood. When the stress wave propagates in the defective wood, it propagates along the edge
223 around the defect. The propagation path changes from a straight line to a curved line. The
224  propagation time increases and the speed decreases (Xu et al.,, 2014). The severity of decay
225 detected by stress wave (Dy) mainly reflects the size of the internal defects of the standing tree
226 (Tannert et al., 2014), while the mass loss rate of wood is also closely related to the range of
227 decay, the stage of damage to the structure of the wood, and the mechanical strength. Therefore,

228  both methods can reflect the decay status of standing trees, so there is a correlation between them.

* Hollows forming inside the decaying wood is NOT a requirement for decreased sw propagation time. When the wood decays,
celluloses and hemicelluloses are damaged and stress wave propagation shows. Hollows will of course slow sound propagation
significantly but less significant decay will also have an effect.
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In this study, when D>30%, there is a significant correlation between Dg; and D,, and the
correlation coefficient is higher than the correlation between D, and D,. In other words, in terms
of decay degree, SWT is a better indicator than ERT when D>30%.

Comparison of Two NDT Methods

Electrical resistance value of standing trees is affected by many factors such as environmental
humidity, temperature, moisture content, the decay stage, growth season, and measurement site,
etc., which will affect the measurement effect of the resistance value, moreover, it is easy to
misjudge for the sensitivity of resistance testing (Just &Jacbbs, 1998; Wang, Yang & Xu, 2001).
Stress wave detection results are influenced by factors such as cross-sectional shape, decayed
severity and number of sensors (Gilbert & Smiley, 2004).

In different stages of decay, for these two methods, when D, <30%, D, had a relatively high oo
fitting degree with D,, When D>30%, D, had a relatively high fitting degree with D,. These correlation
results are related to the decay process of timber. During the early stage of decay, wood quality instead
and visual appearance look unchanged; however, the chemical components have changed
markedly. Wood decay fungi can be propagated through the extension and spread of mycelium
or MIyoLr I1Zzaal fungi. When wood decay fungi enter wood cells and settle between wood cells,
they secrete various enzymes to decompose cellulose, hemicellulose, and lignin in the cell walls
of the wood into sugars, which are further digested and digested as nutrients (Van et al, 2015).
Electrical resistance of wood is mainly related to moisture and metal-ion content, so ERT was
more accurate during the early stage of decay. Once gecomposition of fungi began to stabilize,
variation of electrical resistance became to flatten. During early stage of decay, SWT was
inaccurate owing to the lack of cavities (Xu, Xu & Wang, 2014). When cavities were present,
SWT was more accurate, since, with the slow growth of holes, the decay grew worse(Li, 2014).
Some research has shown that a stress wave could travel around the holes when it encountered
them, and then the propagation of the stress wave would lengthen and its travel time increase.
According to the calculation method of stress waves, the velocity change of a stress wave could

reflect the severity of decay (Tannert et al., 2014).

Conclusions

The purpose of this study was to compare two non-destructive testing methods to determine the
technology that matches the specific conditions in the forest. Eighty live trees were tested using
three methods: Electric resistance tomography, stress wave tomography, and mass loss ratios of
wood increment cores. The results were shown as followings:

(1) There was a clear positive correlation between Hre-resutting-the severity of decay detected
by ERT (D,) and the true severity of the decay (D,). When D, <30%, D, had the higher
correlation coefficient (R?°=0.677, P<0.01) with D, than SWT method.

(2) An obvious positive correlation was shown between thre=resuttimg the severity of decay
detected by SWT (D,) and the true severity of decay (D,), and when D>30%, D, had the higher
correlation coefficient (R’=0.644, P<0.01) with D, than ERT method.
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267 (3) Both ERT and SWT could characterize the wood mass loss rate, which is the index for

268 expressing the severity of decay. Therefore, two NDT methods can effectively detect the decay

269  of standing trees in certain stages of decay.

270 (4) ERT and SWT had distinctive features and advantages. ERT can give a better diagnosis

271  than SWT for the early stage of decay (D, <30%) in standing trees, while SWT can be effectively

272 used in the late stage of decay (D>30%). Therefore, it is suggested that each technique can be

273 employed in practical internal decay testing for standing trees according to decay stage and

274 R 658% neag s%nv(\}ci)tr. nrrS1'entioning that the advantages of internal imaging go beyond its capacity to predict mass loss.
275  Internal imaging is capable of providing valuable information of the location and extent of the decay that simple core

drilling is unable to deliver. ) )
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Calculation of the test results
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1 Calculation of the test results
Manchurian Populus
ash tree's Directions Dr De D simonit Directions b De b
Number (%) (%) (%) tree's (%) (%) (%)
Number
: E-W 20.7 23.6 21.3 | E-W 65.5 59.8 78.9
S-N 6.4 15.1 20.2 S-N 60.7 63.6 87.1
) E-W 26.1 27.3 30.3 ) E-W 66.5 52 87.3
S-N 11.1 18 39.2 S-N 62.7 55.2 92.7
E-W 17.1 11.7 32.1 E-W 30.5 29.1 41.2
3 S-N 10.5 13.3 22 3 S-N 33.8 33.8 57.2
4 E-W 43 2.3 9.2 4 E-W 46.2 30.8 61.3
S-N 4.7 12.1 159 S-N 46.1 38.8 69.1
s E-W 3.6 15.8 0 s E-W 42 36.6 56.2
S-N 14.6 26.7 5.1 S-N 424 25.5 63.9
6 E-W 7.6 8 14.9 6 E-W 37 21 46.5
S-N 7.6 6.4 12.9 S-N 36.7 459 29.7
. E-W 13.5 24 0 . E-W 38.6 32.9 34.3
S-N 5.9 14.1 18.8 S-N 46.5 38.8 55.4
g E-W 3.7 6.5 0 8 E-W 34.7 335 322
S-N 14.7 20.1 10.2 S-N 41.9 50.7 44.1
9 E-W 0.4 3.7 0 9 E-W 44.2 31.8 63.2
S-N 7.2 14.7 5.7 S-N 40.3 47 41.7
10 E-W 28.3 329 423 10 E-W 43.6 58 54.2
S-N 16.7 455 57.1 S-N 31.7 253 46.6
1" E-W 14.5 21.1 46.3 1" E-W 35 40.3 48.6
S-N 5.8 17.4 253 S-N 50 46.4 46.9
1 E-W 28.9 55.8 79.2 1 E-W 339 343 355
S-N 3.1 2.5 1.2 S-N 36.4 43 30.3
13 E-W 1.3 4.6 1.1 13 E-W 58.6 25.6 57.6
S-N 3.5 3.8 4 S-N 56.9 57 65.2
” E-W 7.3 15 14.3 14 E-W 38.6 42.7 47
S-N 12.2 20.5 19.2 S-N 39.7 35 455
B E-W 10 21 43.1 15 E-W 38.5 28 36.5
S-N 152 16.5 10.2 S-N 39.4 49 35.2
16 E-W 23.5 43.6 40.1 16 E-W 35.9 24 40
S-N 17.6 27 26.8 S-N 40 21 42
17 E-W 5.4 19.9 242 17 E-W 359 35.8 37.5
S-N 11.2 13.2 11.2 S-N 433 44 329
18 E-W 17.3 15.3 21.3 18 E-W 433 50.6 33.8
S-N 27.4 30.3 60.8 S-N 423 339 435
19 E-W 28.4 53.2 55.8 19 E-W 39.6 21 64.7
S-N 6.3 29.8 35.2 S-N 31.9 30 32.9
20 E-W 15.9 40.4 44.4 20 E-W 30.1 32 25.7
S-N 25.8 45.6 523 S-N 36.1 14.2 26.1

21 E-W 21.7 47.4 50.6 21 E-W 32.6 14.9 39.3
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Manchurian Populus
ash tree's Directions b De Dy simonit Directions D De Dy
(%) (%) (%) tree's (%) (%) (%)
Number
Number

S-N 16.3 20 27.8 S-N 50.2 34.5 59.3

» E-W 24.7 29 35.8 » E-W 47.5 43.5 53
S-N 26.9 25.1 11.3 S-N 43.7 45.6 453
”3 E-W 26 25 28.9 ”3 E-W 42 42 40.6
S-N 24.5 35 30.3 S-N 39.8 36.1 41.3

2 E-W 29.7 40 313 2 E-W 32.6 31 39.1
S-N 28.6 433 33.2 S-N 55 26.3 55.9
95 E-W 29 41 38.4 95 E-W 34.6 49 44.5
S-N 27.3 51 28.3 S-N 35.8 393 35.8
2% E-W 29.4 524 21 2% E-W 37.5 30 37.5
S-N 30.7 39.9 35.2 S-N 40.8 41.2 40.8

27 E-W 37 31.6 46.1 27 E-W 36 29.3 35.1
S-N 54.8 523 71.6 S-N 335 57.5 322
28 E-W 40.5 21.2 48.1 28 E-W 35.9 473 32.4
S-N 35.5 36.6 40.3 S-N 38 27 37.3
29 E-W 31.6 35 49.3 20 E-W 42 34.4 39.4
S-N 34.2 40.3 56.4 S-N 354 25 34.1
E-W 59.9 59.3 67.5 E-W 33.1 22 33.2
30 S-N 64.9 66 75.6 30 S-N 38.5 36.2 355

2 Footnotes: D, was the severity of decay determined by the mass loss; D, was the severity of decay determined by
3 ERT; D, was the severity of decay determined by SWT.
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Statistical analysis of various test results
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Statistical analysis of various test results

cay degree Average  Maximum  Minimum Standard . )
Category . Skewness  Kurtosis Normality test
(%) value value value deviation
followed normal
D, 22.82 55.80 2.30 14.83 0.49 —-0.70 .
distribution
D<30
followed normal
Dy 24.46 63.90 0.00 17.26 0.79 -0.13 .
distribution
followed normal
D, 35.51 58.00 14.20 9.78 0.06 -0.21 .
distribution
D,>30%
followed normal
Dy 45.50 76.00 19.50 10.04 0.51 0.16

distribution

Footnotes: D; was the severity of decay determined by the mass loss; D, was the
ERT; D, was the severity of decay determined by SWT.
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The field test of electric resistance tomography. we are arranging the electrode; Current
histogram displayed on the instruments
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Figure 2(on next page)

The field test of stress wave tomography
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(b)

The field test of stress wave tomography
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Figure 3(on next page)

The direction of wood cores obtaining

Peer] reviewing PDF | (2018:07:29656:0:1:NEW 9 Oct 2018)



PeerJ Manuscript to be reviewed

The direction of wood cores obtaining
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Figure 4 (on next page)

Decayed (a, b) and normal (c) wood core samples
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Decayed (a, b) and normal (c) wood core samples
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Figure 5(on next page)

Electric Resistance distribution of tree cross-section
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The direction that wood
core was extracted

Electric Resistance distribution of tree cross-section
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Figure 6(on next page)

The corresponding values of the grayscale and resistance distributions
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The corresponding values of the grayscale (a) and resistance distributions (b)
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Figure 7 (on next page)

Velocity distribution of stress waves in a cross-section
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Velocity distribution of stress waves in a cross-section
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Figure 8(on next page)

The scatter plot between result of resistance D, and the true severity of decay D,
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Table. A. The 2D tomograms of ERT and SWT

Manchurian ash Populus simonii

Number

Electrical resistance Stress wave velocity (v) | Electrical resistance | Stress wave velocity

Solid

(ER) 2D tomograms 2D tomogram (ER) 2D tomograms

(v) 2D tomogram
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Table. A. The 2D tomograms of ERT and SWT

Manchurian ash Populus simonii

Number Electrical resistance Stress wave velocity (v) | Electrical resistance | Stress wave velocity

(ER) 2D tomograms 2D tomogram (ER) 2D tomograms (v) 2D tomogram

10

11

12

13

14
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Table. A. The 2D tomograms of ERT and SWT

Manchurian ash Populus simonii

Number Electrical resistance Stress wave velocity (v) | Electrical resistance | Stress wave velocity

(ER) 2D tomograms 2D tomogram (ER) 2D tomograms (v) 2D tomogram

A
Poridg

i

15

16

17

18

19

20

21

22
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Table. A. The 2D tomograms of ERT and SWT

Manchurian ash Populus simonii

Number Electrical resistance Stress wave velocity (v) | Electrical resistance | Stress wave velocity

iz 3 z

(ER) 2D tomograms 2D tomogram (ER) 2D tomograms (v) 2D tomogram

23

24

25

26

27

28

29

30
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2 Data Availability: All data generated or analyzed during this study are included in this
3 published article and its supplementary information files

4
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Figure 9(on next page)

The scatter plot between result of stress wave D, and true severity of decay D,
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