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Abstract. The fracture moment and fracture angle of core
samples from the lower trunk of 25 tree species were
evaluated using the Fractometer, a device developed at the
Nuclear Research Institute, Karlsruhe, Germany. In 6 ad-
ditional species, core segments broke upon initial loading
in the Fractometer and values could not be obtained.
Fracture moments and angles were recorded for trees
located in California, Oregon, Pennsylvania, and lllinois.
Results varied by species, core segment, and location of
tree. Application of the Fractometer to tree hazard evalua-
tion procedures is discussed.

The evaluation of structural defects in trees and the
assessment of failure potential often involves detect-
ing decay and evaluating the resulting loss of wood
strength. Arborists can readily observe advanced de-
cay by noting changes in wood color and texture.
The early and incipient stages of decay, however, are
generally impossible to detect visually. In these
stages wood may appear normal, with little or no
change in color or texture, yet wood strength may be
significantly reduced (Wilcox 1978). Therefore,
techniques that would permit assessment of wood
strength before visual changes occurred would in-
crease the accuracy of decay detection.

The Fractometer is an instrument that measures
the elasticity and fracture strength of wood and may
be used in evaluating the presence of decay in the
trunk and other woody parts (Mattheck et al. 1994,
1995). An increment core is removed from the tree
and placed in the Fractometer. The sample is
stressed to the point of failure by increasing the force
pushing against it. The Fractometer provides the
fracture moment (M) and angle of failure (¢) for the
sample. These can be then compared to known stan-
dards (Mattheck et al. 1994, 1995) and to decay-free
samples taken from the same tree. Mattheck et al.
(1994) presented results for a number of European
genera. There was a wide range in values, particu-

larly for fracture moment. As an example, results for
Douglas-fir (Pseudotsuga menziesii) ranged from 5 to
9, whereas results for ash (Fraxinus spp.) ranged
from 7 to 120.

Mattheck et al. (1994) concluded that large frac-
ture moments and small fracture angles were indica-
tive of sound wood, not acted upon by decay.
Deviations from this situation, such as decrease in
fracture moment, increase in fracture angle, or a
combination of the two, were due to the presence of
decay. Moreover, the relative values of fracture mo-
ment and angle were indicative of the general type of
decay present, either white or brown rot. In a subse-
guent analysis, Mattheck et al. (1995) proposed in-
terpretive guidelines for Fractometer results,
suggesting that reference values for genera could be
used to determine the failure potential.

Application of these results and use of the
Fractometer in the United States and Canada have
been limited by the lack of both experience with the
device and the availability of comparative standard
results. The research described in this paper ad-
dresses these issues.

MATERIALS AND METHODS
Thirty-one tree species were sampled in the follow-

ing locations:
California: Street and park trees, cities of
Pleasanton, Livermore, and San
Francisco
lllinois: Morton Arboretum, Lisle
Oregon: Hoyt Arboretum, Portland; Lone

Fir Cemetery, Portland; Jenkins
Estate, Portland
Pennsylvania: Morris Arboretum, Philadelphia

In general, sampled trees were healthy and free from
known trunk defects. Increment cores were taken
from the windward and leeward sides of the trunk, at
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a height from 1to 1.5 m
(3.3 to 5 ft) above ground.
Cores were 4.3 mm
(0.16 in.) wide and ranged
from20to 30 cm (8to 12
in.) in length. Upon re-
moval from the tree, the
entire core was inserted
into the Fractometer with
2to3cm (0.8t0 0.12in.)
protruding from the
device’s lever arm. The
load on the lever arm was
quickly increased to the
point of core breakage,
whereupon the fracture
moment and angle were
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recorded. The procedure
was repeated at 2- to 3-cm
increments along the length of the core segment. In
general, each increment core yielded 5 samples. Each
segment with the core was numbered corresponding
to its position relative to the bark. Core segment #1
was closest to the bark and #5 was the most interior.

RESULTS

Fractometer readings could not be obtained for 6
species: Monterey cypress (Cupressus macrocarpa),
blue gum (Eucalyptus globulus), ponderosa pine

Figure 2. Frequency and cumulative percentage of fracture angle results.

(Pinus ponderosa), black cottonwood (Populus
trichocarpa), Douglas-fir (Pseudotsuga menziesii), and
coast redwood (Sequoia sempervirens). In these spe-
cies, core segments broke when the lever arm was
initially placed against the sample. No measurable
results could be obtained. For Monterey pine, frac-
ture moment readings were recorded but fracture
angles were not obtained.

Fractometer readings were obtained from 25
species (Table 1). In some cases, the first segment in
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the core (adjacent to the
bark) broke before any
readings could be obtained
(see “No. of samples” col-
umn in Table 1). As a
result, readings were ob-
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Before applying any statisti-
cal tests to the data, we de-
termined whether results
obtained with the Fracto-
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Figure 1. Frequency and cumulative percentage of fracture moment

results.

meter were normally dis-
tributed. To do so, we
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Table 1. Fractometer readings (fracture moment and angle) for 25 species.

Fractometer results
Fracture Fracture angle
Common Scientific No.of  No.ofsamples  moment Std. error
name name Location trees Measured Broken* range Mean of mean Range
Bigleaf maple  Acermacrophylum  OR 3 27 3 541 23.2 0.6 20-31
Norway maple  Acer platanoides IL 3 25 5 5-38 25.6 1.2 1745
R 4 33 2 9-48 28.8 11 2145
A 3 28 2 24-99 17.1 0.3 14-21
Red maple Acer rubrum A 3 26 4 46-114  16.7 0.3 1520
Sugar maple Acersacchaium A 4 37 3 13-191 163 0.3 13-20
Deodarcedar ~ Cedrusdeodara CA 3 16 14 3-61 23.2 11 18-32
Hackberry Celisoccidentalis ~ PA 1 10 0 54-70 19.3 0.6 16-22
White ash Fraxinusamericana  PA 3 25 5 8-91 16.2 05 11-25
Europeanash  Fraxinusexcelsior  IL 2 11 9 19-74 24.1 12 20-30
A 1 10 0 28-72 17.7 14 8-24
Black ash Fraxinus nigra A 1 9 1 — 27.1 21 2040
var. nigra
Modesto ash Fraxinusvelutna ~ CA 3 27 3 2-50 235 0.7 18-30
‘Modesto’
Honey locust  Gleditsia 22 3 30 0 12-119 189 0.8 2-26
triacanthos f. inermis
Black walnut Juglans nigra A 2 20 0 21-68 15.8 02 15-18
Sweetgum Liquidambar OR 2 12 8 861 28.8 1.6 2040
styracifiua A 2 18 2 2-54 16.8 0.7 13-25
Tuliptree Liriodendron OR 3 27 3 1-22 26.1 0.7 19-36
tulipifera A 3 26 4 38-83 17.0 0.6 12-29
Monterey pine  Pinus radiata CA 3 4 26 25-30 — — —
Londonplane  Platanuse CA 3 30 0 8-68 24.2 0.6 15-29
acerifolia 22} 1 9 1 63-97 16.5 0.9 10-20
White oak Quercusaba A 3 30 0 22-116 155 0.3 11-18
Oregon oak Quercusganyana  OR 1 10 0 21-66 31.0 04 30-32
Valley oak Quercus lobata CA 4 K% 6 3-80 21.6 0.6 16-33
Pin oak Quercus palustiis 22} 3 25 5 62-135 185 05 14-25
Red oak Quercusrubra A 3 27 3 37-137 16.7 0.6 9-21
Littleleaf linden  Tilia cordata OoR 3 24 6 2-14 32.2 0.7 27-38
A 1 7 3 10-24 217 10 19-25
Americanelm  Umusamericana  OR 4 16 24 2-18 34.4 1.7 28-55
Siberian elm Ulmus pumila CA 3 27 13 2-15 25.1 13 17-42
Japanese zelkova Zelkovaserrata A 1 5 5 67-100 20.1 14 18-19

*Segments that broke when the lever arm was released, before a reading could be taken.

plotted the results as frequency distributions (Figures 1
and 2). Although no specific quantitative tests were
performed to evaluate normality, cumulative percent-
age plots are an accepted method of doing so (Sokal
and Rohlf 1969). Results for the fracture moment val-
ues did not adhere to the S-shaped curve expected

from a normal distribution (Figure 1). Fracture mo-
ment data were strongly skewed to the right or lower
values. As a result, only the range of fracture moment
results are presented. In contrast, fracture angle data
appeared normally distributed (Figure 2) and estimates
of sample variation were made (Table 1).
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Fracture moment measure-
ments were highly variable

(Table 1). Values ranged
from 2 to 14 for littleleaf

linden (Tilia cordata) and
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varied widely. For example,
we obtained results for

Norway maple (Acer
platanoides) in 3 locations;
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38in lllinois, 9 to 48 in Or-
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egon, and 24 to 99 in
Pennsylvania. Similar varia-
tion was obtained in
tuliptree (Liriodendron tulipifera), European ash (Fraxi-
nus excelsior), London plane (Platanus = acerifolia), and
littleleaf linden. In contrast, fracture moment values for
sweetgum (Liquidambar styraciflua) were similar be-
tween Oregon and Pennsyivania.

Fracture Angle

Fracture angle results were less variable than those for
fracture moments (Table 1). Average values for indi-
vidual species ranged from a low of 15.5° in white oak
(Quercus alba) to a high of 34.4° in American elm.
Results for a single species growing in different loca-
tions were also quite variable (compare sweetgum in
Oregon and Pennsylvania, Table 1). However, in some
species, fracture angles were consistent between loca-
tions (compare Norway maple [Acer platanoides] in
lllinois, Oregon, and Pennsylvania).

Unlike the fracture moment, fracture angles de-
creased with increasing depth of the core (Figure 3,
average values for all species). Core segments from
just beneath the bark had a higher fracture angle
than segments taken at greater depth (compare seg-
ment 1 to segment 4, Figure 3). The absolute differ-
ence in angle was very small, less than 0.3°.

Statistical analysis of the fracture angles was com-
plicated for 2 reasons. First, samples were not inde-
pendent of each other. Second, the sample
population for each core segment varied between

Figure 3. Fracture angle results by core segment. Average of all species.
Segments are numbered from exterior (1) to interior (5).

121 (segment 1) and 142 (segment 3) with numer-
ous missing values. We choose not to estimate miss-
ing values. The standard errors of mean for each core
segment (standard deviation/square root of N) were
large enough to suggest that there were not signifi-
cant differences among core segments (data not pre-
sented).

DISCUSSION
The goal of this project was to survey a range of North
American trees species for results using the
Fractometer. We measured the fracture moment and
fracture angle for 25 taxa growing in the United
States. The range in values found in testing is broadly
comparable to those of Mattheck et al. (1975).
However, there are several important differences
between our 2 surveys. First, samples from 6 species
broke before readings could be obtained. Included
in this group were 2 species, Douglas-fir and black
cottonwood, assessed by Mattheck et al. (1994). Sec-
ond, results from individual species were not always
similar. For example, Mattheck reported that Lon-
don plane had fracture moments ranging from 88 to
120 and bending angles from 10° to 23°. Our results
for this species were 8 to 97 and 10° to 29° (in Cali-
fornia and Pennsylvania). Similarly, with 2 species of
elm in our study, we found fracture moments of 2 to
18 and fracture angles of 17° to 55°. Mattheck found
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fracture moments and fracture angles ranging from
23 to 78 and 10° to 22°, respectively.

Some of this variation might be associated with
testing different species within a genus. Mattheck
identified trees tested only by genera. In addition,
there appeared to be significant variation in
Fractometer results due to location. Factors such as
climate, soil, available moisture, exposure to wind,
past loading by snow and ice, and growth rate could
be the source(s) of such variation. Mattheck (per-
sonal communication) has also observed results to
be location dependent.

Given the variation in results among geographic
locations and within individual species, arborists us-
ing the Fractometer must focus on samples taken
from individual trees rather than on tables of stan-
dardized results. In evaluating the strength loss asso-
ciated with decay, Fractometer values must be
compared to results from decay-free samples taken
from the same tree. In this case, results from sound
wood can be compared to those from wood acted
upon by decay fungi. Arborists must be cautioned
that use of the Fractometer in evaluating strength
loss, structural stability, and application of abate-
ment and remedial treatments must be based upon
results obtained from individual trees.

Because of the variable nature of the data and its
lack of normality, we were reluctant to apply statisti-
cal analysis to the results. For this reason, some ob-
servations could not be adequately interpreted. For
example, fracture moment appeared to vary by loca-
tion within the core with the segment nearest the
bark having a lower value than the 4 segments inte-
rior to it (data not presented). Additionally, in spe-
cies such as American elm (Ulmus americana) and
tuliptree, interior segments from several samples
were discolored. We were not able to determine if
this discoloration was associated with strength loss
as measured by the Fractometer.
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Résumé. Des échantillons de 31 espéces d’arbres ont
été évalués au moyen du Fractometre, appareil développé a
lInstitut de recherche nucléaire de Karlsruhe en Allemagne.
Les moments et les angles de fracture ont été consignés a
partir d’arbres provenant de Californie, d’'Oregon, de
Pennsylvanie et d'lllinois. Les résultats varient selon les
especes le segment échantillonné et la localisation de
I'arbre. L'application du Fractometre aux procédures
d'évaluation d'arbres est discutée.

Zusammenfassung. Unter Einsatz eines Fractometers
(entwickelt am Kernforschungszentrum in Karlsruhe,
Deutschland) wurde das Bruchmoment und der
Bruchwinkel von Bohrkernen aus dem unteren
Stammbereich von 25 Baumarten untersucht. Bei 6
zusatzlichen Arten brachen die Bohrkerne sofort nach
dem Bestlicken des Fractometers, so daf3 hier keine Daten
gewonnen werden konnten. Das Bruchmoment und der
Winkel wurden bei Baumen aus Kalifornien, Oregon,
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Pennsylvanien und lllinois gemessen. Die Ergebnisse
variierten in Abhangigkeit von der Baumart, Bohrkern
und Standort. Die Anwendung des Fractometers bei der
Bewertung von Baumen befindet sich in Diskussion.

Resumen. Se evaluaron el angulo y el momento de
fractura de probetas de madera extraidas de la parte baja
del tronco de 25 especies de arboles usando el
Fractometro, un aparato desarrollado en el Instituto de
Investigacion Nuclear, Karlsruhe, Alemania. En 6 especies
adicionales, los segmentos de probeta se rompieron al
inicio de la carga en el Fractdmetro y no pudieron
obtenerse los valores. Se registraron los angulos y los
momentos de fractura de &rboles localizados en Califor-
nia, Oregon, Pennsylvania e lllinois. Los resultados
variaron por especies, los segmentos de las probetasy el
sitio del arbol. Se tratan los procedimientos de aplicacion
del Fractdmetro para evaluar los arboles de riesgo.



