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Abstract. The purpose of this study was to investigate the standard values of living, undamaged Japanese cedar (Cryptomeria
japonica) trees through different nondestructive techniques. This study also detects the stress wave velocity (V) and tomo-
gram (VT), and resolves corresponding V maps of Japanese cedar trees with and without decay damage for tree risk assessment.
A visual tree inspection form, with seven categories of tree damage, is proposed for tree hazard assessment. Different nondestruc-
tive evaluation parameters can serve as an index for diagnosing standard values (with or without decay). The VT and corresponding
stress wave velocity maps of decay-damaged and damaged Japanese cedar trees can detect the general location and area of wood
deterioration. The transversal acoustic velocity values increased with increasing diameter in undamaged trees, and the difference
between the maximum and minimum V value of the trunks in undamaged trees fell within a range of constants. The pro-
posed approach can be combined with other non-destructive techniques to better examine and confirm the situation of trees.
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The Japanese cedar (Cryptomeria japonica) tree is
a common landscape tree in Xitou Nature Edu-
cation Area, Nantou, Taiwan. This type of tree is
often planted along both sides of the trail in this
forest recreation area. The trees growing on the
roadside suffer from manmade and squirrel-
bite damage (Figure 1), and often fall without
warning. This could lead to human casualties or
result in property loss. Trees suffering from man-
made and squirrel-bite damage topple easily
due to failure occurring at the base of the trunk.

Concerns about public safety and urban tree
conservation strongly support the development
and application of rapid, precise, and cost-efficient
diagnostic techniques to detect decay and other
types of structural defects in trees (Wang and
Allison 2008). Standing trees must be evaluated
in order to maintain in situ structural safety for
tree risk assessment. Various nondestructive tech-
niques (NDTs) have been applied to detect decay
and deterioration in trees in order to identify haz-
ardous trees. NDTs regard the science of identify-

ing the physical and mechanical properties of a
piece of material without altering its end-use capa-
bilities then use this information to make decisions
regarding appropriate applications (Pellerin and
Ross 2002). Visual tree assessment, a systematic
method of tree assessment using biological and
biomechanical indicators to evaluate overall vitality
and structural integrity of a tree, includes visual
inspection of the tree to look for external evidence
of internal defects, instrumental measurements
of internal defects, and evaluation of the residual
strength of the wood (Mattheck and Breloer 1994).
Arboriculturists consider visual tree assessment
(i.e., structural defects) an essential practice. This
kind of assessment serves as the starting point for
evaluating tree defects and providing basic infor-
mation about tree growth performance and sta-
bility. Gruber (2008) indicated that tree breakage
depends on many features of the tree, including
its height, width of crown, crown architecture,
crown density in the branching and leaves, form,
condition, physical wood properties, and species.
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Figure 1. Decay damage of Japanese cedar (Cryptomeria
japonica) trees in Xitou Nature Education Area.

Stress and ultrasonic wave evaluation measure-
ments of wood have proven to be effective param-
eters for detecting and estimating deterioration in
tree trunk and wood structures (Lin et al. 2000;
Pellerin and Ross 2002). NDTs have been devel-
oped for tomographic investigation (Rinn 1999).
Acoustic tomographic measurements in wood have
been found to be effective in detecting and estimat-
ing decay in tree trunks (Gilbert and Smiley 2004;
Bucur 2005; Wang et al. 2007; Deflorio et al. 2008;
Lin et al. 2008; Wang and Allison 2008; Wang et
al. 2009; Lin et al. 2011a; Lin et al. 2011b; Lin et al.
2013). Acoustic tomography has been proven to be
the most effective technique for detecting internal
decay, locating the position of defects, and estimat-
ing their size, shape, and characteristics. In addition,
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because the location of decay is more important in
terms of strength loss than just the size of the area
of decay, acoustic tomography allows researchers
to determine relative strength loss (Rinn 2011).

A drilling technique can be applied to deter-
mine the position and nature of a defect (Wang et
al. 2005; Wang et al. 2007; Wang and Allison 2008;
Lietal. 2011). A fractometer is a device that breaks
the radial increment core along the direction of the
fiber to measure the fracture strength (Lin et al
2007). Many diagnostic tools, such as the RESIS-
TOGRAPH® or other resistance-drilling devices,
acoustic detectors, electrical conductivity meters,
and fractometers are available for detecting inter-
nal decay and other defects in living trees (Larsson
et al. 2004). These NDTs can be used in combina-
tion to achieve better accuracy in determining
the location and extent of wood deterioration.

In previous studies, wood decay of squirrel-
damaged standing trees in Luanta China fir was
detected by an ultrasound method (Lin et al. 2000),
and defects in living Japanese cedar trees were
inspected by ultrasonic tomography (Lin et al. 2008).
No detailed reports have been published about
detecting wood decay damage in Japanese cedar
trees by different nondestructive techniques. There-
fore, the first objective of this study was to detect
the evaluation parameters of living, undamaged
(without decay) Japanese cedar trees by stress wave,
drilling resistance, lateral impact vibration, frac-
tometer, and density profile techniques. Researchers
also generated tables of standard values (references)
to aid in the use of these methods in wood deterio-
ration surveys. A secondary objective was carried
out to investigate transversal stress wave velocity
tomogram (VT), and resolve corresponding stress
wave velocity (V) maps of Japanese cedar trees with
decay damage to understand the degree and extent
of trunk deterioration for tree risk assessment.

MATERIALS AND METHODS
First, the experiment was carried out in situ on 89
sound Japanese cedar trees (Groups A and B planted
in the Tower Area, Groups C and D planted in the
Castle Area, and Groups E and F planted in the
Ridge Area) in Xitou Nature Education Area, Nan-
tou, Taiwan. These trees were inspected in 2014,
when the trees were about 36-60 years old with
average diameters at breast height (DBHs) of
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21.9-38.1 cm. Multiple stress wave measurements
(Fakopp Enterprise, Agfalva, Hungary) were carried
out at eight equidistant points (eight probes) along
the circumference on the trunks. All sensors were
located in the trees at about 130 cm above ground
and the transducer was connected at an angle of 90
degrees to the trunk axis to detect the propagated
travel time and stress waves. The transmitter probe
was first positioned at point 1 with stress wave pulses
acquired by the receiver probe at the other seven
points. Hammer tapping was done from points 1
through 8, respectively. Measurements were repeat-
ed with the transmitter probe positioned at each
point, thus giving 28 independent propagation time
measurements for each investigated section [for a
complete round trip: 7 receiving probes x 8 transmit-
ter probes + 2 (the same path was measured twice)].
A complete data matrix was obtained through
this measurement process at each test location.

The circumference of each cross section and the
distances between sensors were measured using
a tape measure. These measurements served as
inputs for the system software to map the approxi-
mate geometric form of the cross sections. Firstly,
upon completing acoustic measurements, a tomo-
gram was constructed for each cross section using
the ArborSonic software. Secondly, due to differ-
ences in species and paths, a two-dimensional (2D)

image was obtained using this software based on
original stress wave transmission times (no adjusted
and regularized times) to better understand the
experimental values in this study. To quantitatively
assess the tomograms, all corresponding stress wave
velocities were further calculated at each pixel of
the tomogram by visualizing and converting the
tomograms to yield stress wave velocity maps of the
cross sections (e.g., Figure 2; Figure 3; Figure 4).

After the stress wave characteristic information
of each cross section provided by the tomograms
was tabulated, the resonant frequencies were mea-
sured using a portable lateral impact vibration
meter (Ponta, World Enterprise, Japan) to diagnose
the wood quality inside a standing tree. The product
D « F (m « Hz) of the resonance frequency F of the
vibration or the sound of an impacted tree trunk and
the trunk diameter D serve as the diagnosis index.

Then, drilling resistance measurement was con-
ducted using the an F400 (IML, Gmbh, Germany).
The drilling paths ran in the radial direction from
the bark to the pith of a trunk cross section. Sound
wood is dense, hard in texture, and has high resis-
tance to drill penetration. In contrast, severely
decayed wood is less dense, softer in texture and
has low drilling resistance (Pokorny 1992). Finally,
5 mm diameter cores were cut from the trunk
using an increment borer. A fractometer was used
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Figure 2. Stress wave velocity tomogram and the corresponding stress wave velocity map grids (3 cm x 3 cm) of an undamaged

tree (Group A, no. 1, velocity range, 1,415-1,961 m/sec).
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Figure 3. Stress wave velocity tomogram and the corresponding stress wave velocity map grids (3 cm x 3 cm) of a damaged tree
(Group G, no. 22, velocity range, 674-1,879 m/sec).
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Figure 4. Relationships between trunk diameter and transversal acoustic velocities of tomogram in undamaged trees.

to evaluate the crushing strength of core samples metric scanning. The conditioned slices (air dried)
(in green state) in the bark to the pith direction at were subjected to a direct-reading X-ray densitom-
an interval of 6 mm. Finally, a core specimen was eter (QTRS-01X Tree Ring Analyzer, Quintek Mea-
mounted and processed into slices (wideness x surement Systems, Knoxville, Tennessee, U.S.) to
thickness = 17 mm x 2.0 mm) for X-ray densito- determine the tree ring (wood) density profile. Table
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1 summarizes the nondestructive evaluation meth-
ods used for tree assessment in this experiment.

The experiment was also carried out in situ
on 24 different decay-damaged Japanese cedar
trees (Group G, planted along both sides of the
trail) in the Tower Area of the Xitou Nature
Education Area. These trees were investigated
in 2014, when the trees were about 60-years-
old with diameters at breast height of 28.3-83.1
cm. Tree trunk deterioration was detected by
stress wave tomography (using the same method
previously described). After the stress wave
velocity tomography information (2D image)
of each cross section provided by the tomo-
gram was tabulated, the sampling core method
was conducted using an increment corer to
understand the wood deterioration (with or
without decay damage) by the visual method.

RESULTS

Seven categories of tree defects and appearance
were inspected by the visual tree inspection form
(see APPENDIX). The seven main defects were
decayed wood, cracks, root problems, weak branch
unions, cankers, poor tree architecture (trunk
and branch), and dead trees, tops, or branches.
First, the Japanese cedar trees were inspected
visually, focusing on different decay-damaged trees.

The evaluated parameters of different nonde-
structive techniques, including the average lateral

impact vibration performance, drilling resistance
value, green crushing strength, and air-dried
wood density were 284.6 m Hz, 18.5%, 186.2 kgf/
cm?, and 500.4 kg/m’, respectively (Table 2). The
transversal stress wave velocity, lateral impact
vibration performance, drilling resistance value,
green crushing strength, and air-dried wood den-
sity of a normal undamaged tree stem serve as the
index of diagnosis or standard reference value.

The average minimum and maximum V values
were 1,159-1,488 m/sec and 1,721-2,080 m/sec,
respectively, for the 89 undamaged Japanese cedar
trees planted in four different areas (Table 3). The
mean V value of the tomogram was 1,440-1,772
m/sec. In the undamaged trees group, the aver-
age V valves (minimum, maximum, and mean) of
the larger diameter class were higher than those
of the smaller diameter class (Table 3). This result
shows that different diameter classes affected the
transversal acoustic velocity of the tomogram.

The average minimum and maximum V values
were 1,159 m/sec and 2,062 m/sec, for the 24
decay-damaged Japanese cedar trees, respec-
tively (Table 4). The mean V of the tomogram
was 1,610 m/sec. The average minimum V value
of the trunks in the decay-damaged trees (Table
4) was clearly lower than that of the undamaged
trees (Table 3). The minimum V values (1,354 m/
sec) can be considered as the threshold values
of diagnosis by stress wave velocity tomogram.

Table 1. Assessment of standard values (reference) in sound trees by different nondestructive techniques for tree hazard

assessment.

Item Methods Evaluated parameter

1 Visual tree inspection Tree inspection form

2 Acoustic device 2D tomogram Transversal acoustic velocity (m/sec)
3 Lateral impact vibration Diameter x frequency (m « Hz)

4 Drilling resistance method Drilling resistance value (%)

5 Increment borer Visual observation of core

6 Fractometer Crushing strength (green, kgf/cm?)
7 X-ray wood density profile Density (air dried, g/cm?)

Table 2. Average measurements of sound trees by different nondestructive techniques.

No. DF (m Hz) R (%) C (kgf/cm?) D (kg/m?)
Japanese cedar 284.6 18.5 186.2 500.4
(in this study) (28.7) (7.0) (28.4) (93.0)
Norfolk island pine 381.3 324 248.9 533.4
(Lin et al. 2015) (17.8) (5.6) (31.4) (29.2)
Hoop pine 327.6 39.7 256.8 578.0
(Lin et al. 2016) (13.2) (8.4) (31.4) (46.2)

Notes: DF = lateral impact vibration performance; R = drilling resistance value; C = crushing strength; D = air-dried density; parentheses () indicate standard deviation.
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Table 3. Transversal stress wave velocities (V) of sound Japanese cedar trees (N = number of sampled trees).

Groups N Diagram of 2D C V (m/sec)
(cm) (kgf/cm?) Vmin Vmean Vmax
A 15 38.1 170.5 1463 1772 2080
(4.4) (25.5) (139) (105) (99)
B 14 25.5 194.0 1220 1508 1796
(2.4) (17.6) (88) (79) (95)
C 15 37.7 195.0 1441 1749 2056
(3.6) (18.6) (81) (71) (88)
D 15 21.9 199.9 1159 1440 1721
(3.2) (16.7) (81) (67) (88)
E 15 36.1 180.3 1488 1760 2031
(3.8) (40.2) (96) (70) (70)
F 15 27.2 189.1 1354 1620 1887
(2.8) (35.3) (66) (79) (130)
Average 31.1 188.2 1354.2 1641.5 1928.5
(3.4) (25.5) (91.8) (78.5) (95.0)

Notes: C = crushing strength; Vmin = minimum stress wave velocity; Vmean = mean stress wave velocity; Vmax = maximum stress wave velocity; parentheses ( ) in-
dicate standard deviation. Groups A and B were planted in the Tower Area; Groups C and D were planted in Castle Area; Groups E and F were planted in the Ridge

Area, Xitou Nature Education Area, Nantou, Taiwan.

Table 4. Transversal stress wave velocities (V) of different damaged Japanese cedar frees (Group G, N = 24).

No. Diagram of 2D V (m/sec)
(cm) Vmin Vmean Vmax
TRO1_32 32.8 1414 1689 1965
TRO1_96 28.7 1320 1560 1800
TR02_40 48.7 1333 1769 2206
TR02_115 44.3 1520 1755 1991
TRO3 48.1 1424 1688 1952
TRO04_40 55.1 915 1587 2259
TRO04_120 46.5 1297 1690 2084
TRO6 62.7 1544 1939 2334
TRO7 48.7 1503 1804 2106
TR08_40 43.0 996 1554 2113
TR08_105 389 976 1490 2005
TR10 60.8 988 1614 2240
TR13 51.9 1588 1950 2313
TR14 45.5 1545 1951 2358
TR15 66.9 1751 2089 2428
TR16 76.4 818 1593 2368
TR17 83.1 757 1494 2232
TR19 48.7 730 1436 2143
TR20 32.5 1013 1341 1669
TR21 35.4 1010 1473 1936
TR22 28.3 674 1276 1879
TR23 41.4 1232 1643 2055
TS05 45.5 731 1115 1500
TS08 32.8 730 1140 1551
Average 47.8 1159 1610 2062
(13.9) (329) (247) (251)

Notes: Vmin = minimum stress wave velocity; Vmean = mean stress wave velocity; Vmax = maximum stress wave velocity; parentheses ( ) indicate standard devia-
tion. Group G was planted along both sides of the trail, Tower Area, Xitou Nature Education Area, Nantou, Taiwan.

The VT and corresponding V value maps were
examined for the 89 undamaged and 24 decay-
damaged Japanese cedar trees (Figure 1; Figure
2). None of the tomograms of the undamaged
Japanese cedar trees displayed a distinct pattern
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of high and low V in the cross section of the stem
(Figure 1). However, all tomograms of the decay-
damaged Japanese cedar trees displayed a distinct
pattern of high V (undamaged wood area) and
low V (decay-damaged wood area) at the stem
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perimeter or center (Figure 2). The standard devia-
tion values of minimum, maximum, and mean
V in decay-damaged trees (Table 4) were clearly
higher than those of undamaged trees (Table 3).

The relationships between transversal acoustic
velocities (minimum, maximum, and mean) in
2D diameter values of undamaged Japanese cedar
trees are shown in Figure 4. Acoustic velocity val-
ues generally increased with increasing diameter
values. When expressed as linear regression rela-
tionships, the determined coefficient (R*) were
0.66-0.71. Statistical analysis showed that the rela-
tionships between acoustic velocity and diameter
values were significant at a 0.01 level. This result
shows that these minimum acoustic velocity val-
ues (about 1,100-1,600 m/sec) tended to increase
with increasing diameter (about 18.5-45.5 cm).
The minimum V value can be considered as the
threshold value of diagnosis by stress wave velocity
tomography. Moreover, the V value was affected
by diameter. Therefore, the V threshold value
should be adjusted in the 2D diameter values.

The relationship between trunk diameter and
the difference between maximum and minimum
acoustic velocities (Vmax — Vmin) of the tomo-
gram in undamaged and damaged trunk cross
sections is presented in Figure 5. The average V

value difference of the trunks in decay-damaged
trees (903 + 303 m/sec) was clearly higher than
that of undamaged trees (576 + 113 m/sec). This
result shows that there is a higher risk of V value
differences in decay-damaged trees, and lower dif-
ferences occur in slightly decay-damaged trees.
Moreover, differences between the maximum
and minimum V value (Vmax and Vmin) of the
trunk in undamaged trees have to maintain a cer-
tain constant (about 300-800 m/sec). Therefore,
this study suggests that the minimum transversal
acoustic velocity with diameter, and the differ-
ence between Vmax and Vmin, could serve as the
index of diagnosis or standard reference value.

DISCUSSION
The average V value, lateral impact vibration per-
formance (D « F), drilling resistance value (R),
green crushing strength (C), and air-dried wood
density (D) of a normal undamaged tree stem
serve as the diagnosis index or standard reference
value. Present here is a table of standard values
for the future use of these devices or methods for
testing Japanese cedar trees. The D « F, R, and C
values of three tree species are compared and dis-
played in Table 2 for comparison (Lin et al. 2015;
Lin et al. 2016). The average minimum acoustic

2000
£ 1500 ° .
— u]
. o
: . -
> o
[ u]

1000
;é ® O © o Bj o
~ ) [ ] o
8 'o..o";v. o® .DD H
5 500 “2iba T e o
g e o o * e o e sound
A o decay

0
20 40 60 80 100
Diameter (cm)

Figure 5. Relationships between the trunk diameter and the difference between maximum and minimum acoustic velocities (Vmax
—Vmin) of the tomogram in undamaged (e) and damaged (o) trunk cross section.

©2016 International Society of Arboriculture



208 Lin et al.: Inspection and Evaluation of Decay Damage Using Nondestructive Techniques

velocities of Japanese cedar, Norfolk island pine
(Araucaria heteophylla), and hoop pine trees
are 1,354, 1,129-1,296, and 1,154-1,164 m/sec,
respectively. If detected values of nondestructive
evaluation are lower than these reference values,
the wood quality of the trunk brings up ques-
tions that could require further investigation.

In this study, lower transverse stress wave
velocities (map grids) were observed inside of the
decay-damaged trees. Severe wood decay defects
have been reported when the stress wave veloc-
ity reduced to 70% of the characteristic values of
sound wood (Bethge et al. 1996). In this study,
the average V value in the undamaged trees were
1,642 m/sec with the threshold at 1,148 m/sec
(1,642 x 0.7 m/sec). Moreover, the minimum V
values of the tomogram in the undamaged trees
were 1354 m/sec. Therefore, the minimum V
values (1,148-1,354 m/sec) can be considered
as the threshold values for diagnosis by stress
wave velocity tomogram. Furthermore, the range
of demarcation between decay-damaged and
undamaged wood occurred at an approximate
transversal stress wave velocity of 1,148-1,354 m/
sec. The reduction in V is indicative of serious
damage, the location and extent of which can be
seen in the map grids. The decay-damaged trees
had lower average and individual stress wave
velocities compared with the undamaged trees.

Some studies have reported that an acoustic
tomogram cannot precisely evaluate the extent
and location of decay or the type of defect (Gil-
bert and Smiley 2004; Wang et al. 2007; Wang et
al. 2009; Li et al. 2011). For example, an acousti-
cal tomogram underestimates the internal decay
and overestimates that in the periphery of the
trunk. Therefore, to make better assessments
of internal conditions and decay of trees, other
more effective methods (e.g., visual drawings of
the increment core, drilling resistance, and use of
a fractometer) should also be adopted in combi-
nation to enhance the accuracy of information.

In-depth tree assessments are warranted when
a tree poses a high degree of risk to public safety
and exhibits defects that cannot be fully evalu-
ated by visual inspection (Pokorny 1992). How-
ever, micro-destructive methods can destroy
the compartmentalization zone and break the
existing barrier zone within the tree, allow-
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ing decay to spread into healthy wood. There-
fore, when using decay detection devices, the
number of drill holes or sensor sites for col-
lecting the required critical field data should
be kept to a minimum (Wang et al. 2007).

A larger thickness of the peripheral region
and a higher ratio of peripheral wood toward
the trunk base have significant implications
for the tree structure and safety (sound and
health). When Japanese cedar trees have trunk
decay, deterioration, or hazardous defects, the
residual wall thickness (shell) and wood qual-
ity have been found to be marginally suffi-
cient. Most experts (Pokorny 1992; Matheny
and Clark 1994; Harris et al. 2004; Hayes
2007) agree that a 30-35 ratio of percent sound
wood in the remaining wall is the threshold
beyond which some action should be taken.

The acoustic velocity values tended to
increase with increasing diameter in this study
(Figure 4). In this experiment, transversal V was
detected by eight fixed probes along the circum-
ference on the trunks. Moreover, the average
crushing strength values of the larger diameter
class were only slight lower than those of the
smaller diameter class (Table 3) in the undam-
aged tree group. The properties (quality) and
thickness (residual wall) of the peripheral wood
in a tree is very important for the tree’s struc-
tural safety and hazard evaluation. Generally,
larger diameter trees with larger crowns need
greater support, while the trunks of smaller
diameter trees with smaller crowns need to
withstand smaller forces. The deadweight and
crown volume of the larger diameter class was
larger than that of the smaller diameter class.
The most important and dangerous load on
trees is undoubtedly that created by wind, which
can introduce bending stresses near the periph-
ery of the stem (Mattheck and Breloer 1994).
Previous research has indicated that the maxi-
mum V values of lean Norfolk island pine and
lean hoop pine trees are greater than those of
normal non-leaning trees (Lin et al. 2015; Lin
et al. 2016). The leaning of a tree could result
in reaction wood or larger gravity effects in the
trunk of the tree. However, the V values of the
cross section are influenced by the distribution
of the cell structure, reaction wood, gravity, own
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weight, and other factors (i.e., combined action)
in the tree. This might limit the applicability
of VT. Further research is needed to clarify the
intensities of individual factors in the future.

CONCLUSIONS
This study proposes a visual tree inspection form
with seven categories of tree damage for tree haz-
ard assessment. The average transversal acoustic
velocities were 1,508-1,772 m/sec for sound Jap-
anese cedar trees. Moreover, the average lateral
impact vibration performance, drilling resistance
value, green crushing strength, and air-dried
wood density were 384.6 m Hz, 18.5%, 186.2
kgf/cm? and 500.4 kg/m’, respectively. Different
nondestructive evaluated parameters could serve
as the index of the diagnosis value. A table of
standard values for the future use of these nonde-
structive methods for testing Japanese cedar trees
with and without decay damage is presented.
The average minimum V values of the trunks
in decay-damaged trees were clearly lower than
those of sound trees. The V tomogram and cor-
responding stress wave velocity maps of decay-
damaged and undamaged Japanese cedar tree
can detect the general location and area of wood
deterioration. The transversal acoustic velocity
values increased with increasing diameter in
sound trees, and the relationships could be
represented by positive linear regression for-
mulas. The minimum V and diameter values
were 1,100-1,600 m/sec and 18.5-45.5 cm in
undamaged trees, respectively. The average
difference between the maximum and mini-
mum V value of the trunk in undamaged trees
was 576 = 113 (about 300-800) m/sec. These
values can be considered as the threshold val-
ues of diagnosis by acoustic velocity tomogra-
phy. The proposed method can be combined
with other nondestructive techniques to bet-
ter examine and confirm the situations of trees.
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APPENDIX
Visual tree inspection form with seven categories of tree defects.
Defects Items [l detected [_]| undetected

1. decayed wood

[ ldecay or rotten [ |fungi, fungal fruiting body [ ]cavity [ ]
hollows, hole [_linrolled cracks [ Jever-expanding column of decay

[ Ibulge and swellings [ ]others (e.g., wound, wood discoloration,
canker)

2. cracks

[ Isplitting of weak branch unions [ |by pruning (e.g., flush-cut
pruning, topping)

[ Iwind (damage, sap flow, or bleeding)

[ Jvertical crack [ Jshear crack [ Jinrolled crack [ Jribbed crack

[ Jhorizontal crack

[ Jseam

3. root problems

[ ldamage nodead o lost o crack odecay clean ofungal fruiting
body oroot breakage ostem girdling root Dothers (e.g., disease,
disorder, ants, etc.)

[ Jcritical root radius was disturbed, damaged or restricted leading
to reduced anchoring ability of roots

[ Jerown decline

[ llean [_]soil mounding [ ]soil cracking [ Jroot lifting

4. weak branch
unions

[ lco-dominant stems or branches [ |epicormic branch [_Jincluded
bark [ Jothers (e.g., topping, injured, pruned, crack, or declining
branches)

5. cankers [ lcanker [ ]fungi [ Jinsect (e.g., termite) [ |microorganism [ ]
mechanical damage [ Jother (e.g., lightning)

6. poor tree [ lleaning [ Jtension or buckle symptom [_Jepicormic branch, harp

architecture tree [_lunbalance crown [_Jothers (e.g., bends, twists, and crooks)

(trunk and

branch)

7. dead trees, | [ |dead trees [ |dead tops [ ]dead branches

tops, or branches
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Résumé. L'objet de cette étude était d'étudier les valeurs stan-
dard de cedres du Japon (Cryptomeria japonica) en santé et sans
dommages, en utilisant différentes techniques non destructrices.
Cette étude a également évalué la vélocité de londe de contrainte
(V) et du tomogramme (VT), et solutionné les cartes correspon-
dantes V du cédre du Japon avec et sans dommages causés par la
carie quant a I'évaluation des risques liés aux arbres. Un formulaire
pour l'inspection visuelle des arbres, comportant sept catégories de
dommages aux arbres, est proposé pour l'évaluation des dangers
liés aux arbres. Différents parametres d'évaluation non destructifs
peuvent servir d'indice pour le diagnostic des valeurs standard
(avec ou sans carie). Les VT et les cartes correspondantes de la vé-
locité de Tonde de contrainte de cedres du Japon endommagés par la
carie ou par d'autres dommages peuvent détecter 'emplacement re-
latif et l'aire de dégradation du bois. Les valeurs acoustiques trans-
versales de vélocité augmenteérent avec l'accroissement du diametre
chez les arbres non endommaggs, et la différence entre la valeur V
maximale et minimale des troncs chez les arbres non endommagés
se situaient a l'intérieur des constantes. L'approche proposée peut
étre combinée avec d'autres techniques non destructrices afin de
mieux évaluer et confirmer la condition des arbres.

Zusammenfassung. Die Absicht dieser Studie lag in der Un-
tersuchung von Standartwerten fiir lebende, unverletzte Japanische
Zedern (Cryptomeria japonica) mit verschiedenen, verletzungsfrei-
en Techniken. Diese Studie zeigt auch die Stresswellengeschwindig-
keit (V) und das Stresswellentomogramm (VT) und erklart korre-
spodierende V-Aufzeichnungen von Japanische Zedern mit und
ohne Verletzungen. Ein visuelles Baumuntersuchungsformular mit
sieben Kategorien von Baumschdden wird fiir die Baumuntersu-
chung vorgestellt. Verschiedene verletzungsfreie Bewertungspara-
meter kénnen als ein Index fiir die Diagnose von Standartwerten
(mit oder ohne Fiulnis) verwendet werden. Die VT und dienkor-
respondierenden Aufzeichnungen der Stresswellengeschwindigkeit
von geschidigten und faulnisbehafteten Japanischen Zedern kén-
nen den Ort und die Gegend der Holzverfirbung aufzeigen. Die
Werte der transversalen akustischen Geschwindigkéit stiegen mit
zunehmendem Durchmesser bei ungeschaigten Baumen innerhalb
einer Spanne von Konstanten. Der vorgestellte Ansatz kann mit an-
deren verletzungsfreien Techniken kombiniert werden, um zu bes-
seren Untersuchungsergebnissen zu gelangen und den Status des
Baumes zu bestitigen.

Resumen. El proposito de este estudio fue investigar los valores
estdndar de nivel de vida de arboles de cedro japonés (Cryptomeria
japonica), a través de diferentes técnicas no destructivas. Este estu-
dio también detecta la velocidad de onda del estrés (V) y la tomo-
grafia (VT) y resuelve mapas V correspondiente de cedros japone-
ses con y sin dailos de decaimiento para la evaluacion de riesgos del
arbol. Una forma de inspeccion visual del arbol, con siete categorias
de dafios a los drboles es propuesta para la evaluacion del dano del
arbol. Diferentes parametros de evaluacion no destructivos pueden
servir como un indice para el diagndstico de los valores estandar
(con o sin descomposicion). Los mapas VT y de velocidad de estrés
y la correspondiente tensién de cedros japoneses dafiados pueden
detectar la ubicacién general y el drea de deterioro de la madera.
Los valores de velocidad actsticas transversales aumentaron con
el aumento de didmetro en los arboles no dafiados, y la diferencia
entre el valor V maximo y minimo de los troncos de los arboles no
dafnados cayeron dentro de un rango de constantes. El enfoque pro-
puesto se puede combinar con otras técnicas no destructivas para
examinar mejor y confirmar la situacién de los drboles.
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