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S

hortly after the first presentations, the socalled “one-third-rule” (see for example:
Mattheck et al. 1993) became a popular
criterion for evaluating the breaking safety
of urban trees around the world: as soon as
the thickness of the outer intact shell-wall
(t) of a hollow or decayed tree stem is less
than 1/3 of the local radius (R), this stem
section was supposed to be significantly
more likely to break under wind loads. Many
arborists, and probably even more judicial
and insurance experts around the world,
interpreted the corresponding graph (Fig. 1)
as defining a clear line between “safe” and
“unsafe”. As a central part of the so-called
VTA concept (“Visual Tree Assessment”:
Mattheck & Breloer 1994), the t/R>1/3-rule
is still the most commonly applied treebreakage safety threshold around the world.
However, since its introduction, the 1/3
rule has been widely criticized especially
from experts preferring the SIA concept for
evaluating tree-safety (“Static Integrated
Assessment”: Wessolly & Erb 1998). Gruber
(2007, 2008), for example, criticised the
VTA-1/3-rule as a “scientifically unproven”,
“mono-causal” and “untenable failure
criteria” for trees. On the website www.
dasgruen.de, several publications and
statements from various authors can be
downloaded in support of Gruber’s criticism
against the use of the 1/3 rule and other
VTA thresholds, such as the H/D (height/
diameter) ratio. In addition, many arborists
have observed real trees breaking with
small or no defects (Fig. 2), and mature
trees standing on thin shell walls for
decades (Fig. 3). These observations tend to
confirm Gruber’s criticism that the 1/3-rule
is not correct.
Several other professors from public
universities support Gruber’s position
and promote SIA, while criticising the
1/3-rule in VTA. In consequence, the
criticism of the “mono-causal” VTA criteria
developed into a mono-culture of SIA
advocates dominating nearly all tree-care
conferences and educational institutions
in tree safety issues. This trend is seen
not only in Germany, where the debate
started and was successfully exported, but
even internationally: at an international
tree-biomechanics conference in USA, for
example, nine out of ten presentations
criticised VTA and promoted SIA and the
related diagnostic products of one company.
Mattheck and Bethge responded clearly
to the criticism of Gruber and others (2007,
2008) and claimed: VTA and the 1/3-rule are
valid results of reliable scientific studies
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and SIA is based only on assertions. In 2009,
Fink (a widely respected forest pathologist)
confirmed Mattheck’s statements and clearly
contradicted Gruber’s positions as well.
This debate left many arborists and
experts around the world in confusion: the
by far the most frequently asked question
I am getting at workshops around the
world is: “Who is right: VTA or SIA?” in
conjunction with “Can we still use the
1/3-rule for safety evaluations although
most well-known experts now prefer and
promote SIA?” Thus, there seems to be a
need for a clarification of this aspect.
Basics
According to Gere & Timoshenko (1997), the
relative load carrying capacity (rLCC) of a
circular cross-section of a homogeneous
material (with outer diameter D), covering
a centrally located void (of diameter d) is
proportional mainly to these two geometric
properties. Consequently, it can be written
as a function of radius (R) and shell wall
thickness (t) as well:
rLCC ~ (D4 – d4) / D = 8 (R4 – ( R – t )4 )/ R

This calculation determines the so-called
“section modulus”. Using this formula, it
can be shown how the normalised bending
load-carrying capacity of a cross-section
depends on the ratio of t/R (Fig. 4). But,
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this concept only recognises longitudinal
tension and compression stresses and
assumes a homogeneous material.
Because wood is not homogeneous and
not isotropic, the section modulus cannot
describe the behavior of cross-sections
having large defects: a deeper analysis of
these aspects by Ledermann (2003) shows
that even when loaded under bending,
tangential tension stresses occur in the
cross-section (Fig. 5). And these stresses are
significantly stronger when t/R decreases
as compared to tension and compression
stresses (covered by the section modulus as
described above)This is important for wood
because it is non-homogeneous and nonisotropic (Blass & Schmidt 1998): material
strength properties vary significantly
depending on loading direction relative to
the fibres, and torsional strength is by far
the weakest, making wood significantly
more susceptible to shear and tangential
tension stresses. Consequently, the real
load-carrying capacity of hollow wooden
cross-sections is significantly smaller
compared to homogeneous materials
(as shown in Fig 4. and represented by
the section modulus) as soon as the
ratio of shell wall to radius drops down
below approximately 1/4 or 1/5 (Fig. 6) –
depending on the longitudinal size of the
defect and depending on various wood

Figure 1
This is one of the graphs that were used to prove the 1/3-rule (Mattheck et al. 1993): broken stems with
centrally rotten zones are represented by black squares and hollow circles show standing trees with
corresponding central defects. The position of the symbols is defined by the outer radius of the stem
(R) on the abscissa (X) and the ration of t/R on the ordinate (Y) axis. The fact that no black squares are
shown above t/R=1/3 led to the first interpretation of this graph by many (if not most) arborists: as long
as t/R>1/3, the tree is safe and will not break.

Figure 2
Two of many examples of broken conifer trees (Picea abies) not represented in Fig. 1. The tree on the left
had a small defect in the center of the stem base with t/R≈1/2 but broke on a height where t/R≈4/5. The
tree on the right was fully intact (t/R=1) and broke in a combination of torsional and dynamic loading
in a wind gust of a thunderstorm (while the author was standing beside the tree inspecting the stem).
Such failures should be represented by at least a few black squares above the 1/3-line in Fig. 1, but, such
values are missing.

Figure 4
This graph visualises how the relative load-carrying capacity (%LCC) of a cross-section depends on
the shell wall thickness and corresponding „hollowness“, according to Gere and Timoshenko (1997) for
homogeneous materials. The curve starts at left with t=R at 100%, representing the fully wooded and
intact cross-section. With decreasing shell wall (t), the size of the centrally located void increases and
leads to a correspondingly bigger loss in load-carrying capacity. Surprisingly not only to many arborists, with t/R=1/3, the central void covers approximately 45% of the crosssectional area but leads to a
loss in load-carrying capacity of only about ~20%. From this point on, however, with further decreasing
shell wall and increasing void size, the loss in load-carrying capacity increases more significantly than
before. Because of that, t/R=1/3 is seen by many as a “turning-point” from where to start worrying
about stability. But, it is important to understand that this is valid only for trees still growing in height
with centrally rotten circular stem cross-sections. For other trees, another concept has to be applied.

material properties (Spatz & Niklas 2013).
That means, according to Fig. 6, as soon
as t/R drops below approximately 1/3
or 1/4, the load-carrying capacity of the
corresponding cross-section decreases
significantly as compared to the simplifying
section modulus concept (used by SIA,
for example, as can be seen in Fig. 12).
The findings of Scatter and Kucera (2000)
confirm that torsional loading is a frequent
cause of failure for trees (Fig 7).
Obviously, nature knows about
these aspects of stability in such kinds

of structures: radial density profiles of
coconut palms, for example, typically
show significantly higher density on
about 1/3 of the outer part of the radius
(Fig 8). Thus, there must be a reason for
this kind of internal mechanical design,
otherwise, the evolutionary process
would not have selected this concept.
Interestingly, the ratio of total tree height
(H) over diameter at breast height (D)
and several other allometric properties
of coconut palms are similar to those of
slender conifer forest trees (Fig. 9) from

Figure 3
This mature oak tree (Quercus) has a diameter at
breast height of more than 2.5m (>100”). As can
be seen by the sonic tomograph (Rinn 1999, 2014b)
and the resistance drilling profiles (Rinn 1988, 1990,
2016), the intact outer shell wall ranges from a
few centimetres to approximately 30cm (12”). The
average shell wall thickness is less than 25cm (~10”),
which means t/R<1/5. This tree is standing although
being heavily defective and hollow for decades and
providing a significant total height of more than
25m. Arborists, strictly applying the 1/3-rule as commonly understood, usually condemn such trees as
being unsafe or tend to recommend strong pruning
and even cabling, although often there is no need
for that and although strong reductions significantly contribute to an accelerated spread of internal
fungal defects (Rayner & Boddy 1983). Applying the
tree-safety concept presented here, leads to different
conclusions and mostly results in nothing to be
done or pruning the crown symmetrically in order
to prevent wind-induced torsional loads.

which the data for the 1/3-rule graph (Fig.
1) was derived.
This means, t/R~1/3 seems to have
a meaning in terms of the load-carrying
capacity of hollow or rotten stems of a
specific kind of tree (centrally rotten circular
stem), but the question is how to apply this
knowledge practically to the typical mature
urban tree to be inspected in terms of safety?
At the real urban tree
Arborists trying to practically apply the 1/3rule quickly realise that mature urban trees
are much more difficult when compared to
the common young slender forest tree with
a centrally rotten zone (Fig. 10). The typical
urban road-side or park tree to be inspected
in terms of safety is different in many ways:
•
•
•

the cross-section of the trunk at the stem
base – root transition is not circular
the defects are mostly not located in
the center of the cross-section.

As a result, the 1/3-rule simply cannot be
applied because there are hundreds of
different t/R values in the same cross-section.
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Figure 5
Ledermann (2003) showed that shear (red) and tangential tension (black) stresses increase significantly
more strongly compared to longitudinal compression stresses (blue) when hollow cross-sections are
loaded under bending – depending on the shell wall thickness. This is important for wood because
torsional strength is by far the weakest material property (Blass & Schmidt 1998).

Figure 6
Mainly in consequence of the relatively low torsional strength of wood (Blass & Schmidt 1998)
and because bending loads lead to shear and tangential stresses (Ledermann 2003), the real loadcarrying capacity (as represented by the critical bending moment and shown here with a solid line)
is significantly smaller than the simplifying section modulus concept (dotted line) as soon as t/R<1/4
(Spatz & Niklas 2013). This explains why evaluation methods (like SIA) based only on the section
modulus and ignoring shear and torsional stresses overestimate the load-carrying capacity of thinwalled hollow cross-sections (Fig. 12).

Which one is the correct for evaluating
safety? None, when taking into account the
findings described in the previous section.
Does that mean, the 1/3-rule is worthless?
Fortunately not!
As shown above, a circular stem
with a central void gets significantly more
susceptible to breakage as soon as the shell
wall drops below t/R=1/3, that is, as soon
as the loss in load-carrying capacity due
to the defect is higher than 20%. Then, why
should natural evolution not provide the
same threshold when cross-sections are
not circular and defects are not concentric?
Thus, it seems very logical that tree stems
as natural, mechanically loaded structures
in general tolerate up to approximately
20% loss in load-carrying capacity due to
defects without getting significantly more
susceptible to breakage -- for all kinds of
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cross-sectional shapes and locations of
defects. This threshold we can apply to any
kind of cross-sectional shape with any kind
and location of defect(s): we just have to
determine the loss in load-carrying capacity
depending on the size and shape of the
cross-section and depending on the location
and size of the defect(s).
To do this, we need a tomographic
representation of the cross-section. That can
be done either by applying sonic tomography
(Rinn 1999; 2014b) or by simply drawing the
cross-section by hand on a smartphone/
tablet application (Fig. 11), based on visual
estimation or some resistance drillings
(Rinn 1990, 2012, 2016). Although such
tomographic approaches may look simple,
using such kinds of applications and
calculations requires a basic understanding
of the topic. And it has to be done carefully.

Figure 7
Torsional failure of hollowed trunks like that
shown here (Picture by Duncan Slater) are mostly
observed at trees with t/R<1/4 (and thus below
1/3 as well).

The smartphone application shown
here calculates only geometrical properties
of the section modulus and delivers relative
results: the relative loss in load-carrying
capacity of a defective cross-section in
comparison to the fully intact situation. For
two reasons, this relative approach does not
take into account the potentially differing
material properties within the crosssection: on the one hand, it is practically
impossible to measure the material
properties of a cross-section precisely
enough without destroying it (Niklas &
Spatz 2012). On the other hand and much
more importantly, the geometrical size
properties of the load-carrying parts of a
cross-section are much more important
than the material properties (Rinn 2013):
the load-carrying capacity of a crosssection is proportional to the material
strength multiplied by the diameter to the
power of three (Gere & Timoshenko 1997).
And this shows that, in this context, size
matters much more than material quality.
This is the reason why it is more important
to determine the size (diameters and
shape) of a cross-section and the location
of defects than the material properties.
Consequently, locally measured values of
strength or elasticity are of relatively small
importance in terms of the breakage safety
issues discussed here.
An alternative approach could
theoretically be to take material property
values from reference tables as done by the
SIA concept. However, how it becomes clear
how dangerous it is to assume material
properties taken from reference tables for
a certain wood species, when applying the
freely available SIA online tool, providing
basic calculations used in the SIA concept
and for SIA-pulltest calculations:
http://sia.simgruppe.de/sia.php
This online calculation basically
determines the load-carrying capacity
by calculating the section modulus as
described above, multiplied by material
property values taken from reference tables
(Wessolly & Erb 1998). Applying this concept

Figure 8
In stems of coconut palms, the radial density profile often shows high
values on the outer 1/3 of the radius. Such density profiles can be
measured by resistance drilling - but only when the drill provides a
profile with a high resolution and high correlation to wood density
(r²>0.8; Rinn 2016), because only then the profiles correctly reveal
wood density along the needle’s path of penetration. The profile shown
here was obtained by using a ‘real’ RESISTOGRAPH®. This special kind
of electronic recording resistance drilling device was developed after
two of the method’s inventors (KAMM&VOSS) realised that mechanical
and spring-driven recording of penetration resistance systematically
delivers erroneous profiles leading to wrong evaluations of the wood
condition. Knowing this, it would have been irresponsible to sell such
kinds of resistance drilling devices and in consequence, KAMM&VOSS
developed a system with electric recording and applied for a patent
(Kamm & Voss 1985). This was then further developed to electronic recording and the machines were later branded with “RESISTOGRAPH®”,
a trademark since registered in 39 countries.

Figure 10
Stem cross-sections typical for mature urban trees to be inspected in
terms of safety: the cross-sections are commonly not circular and the
defects mostly located off-centre. Such cross-sections provide many
different radius values and many different shell wall thicknesses (t),
often ranging from zero (t=0) to fully wooded (t=Radius). Consequently, there is no typical or average t/R that could be quickly determined
at the tree. Minimum, maximum, or average t/R values do not represent the load-carrying capacity of such cross-sections and thus, the
1/3-rule does not apply to this kind of tree.

Figure 9
When comparing typical coconut palms and slender conifer forest trees, allometric
properties such as tree-height to stem diameter at breast height as well as crown
size, the relationships seem to be quite similar. Consequently, the fact that coconut
stems provide high density wood on the outer 1/3 of the radius (and can be very
soft in the center) is seen as a confirmation that such kinds of mechanically
wind-loaded structures need the outer 1/3 of the radius to be intact and strong in
order to be sufficiently safe against wind bending.

Figure 11
For evaluating the loss of load-carrying capacity of such a relatively simple non-circular cross-section with an off-centre defect, a local measurement of shell-wall
thickness is not sufficient and the 1/3 rule cannot be applied in any reasonable way.
When no sonic tomography is available or too expensive, a few resistance drillings
can help with the drawing of a sketch of the cross-section by hand on a smartphone
app (right). This allows us to determine the loss in load-carrying capacity for a
better evaluation of tree safety. In this case, the defect leads to a loss in load-carrying capacity of approximately 26% for winds from the East and ~15% for winds
from North and South. This aspect shows how difficult or even impossible it is to
determine the breaking safety of such a cross-section with any kind of method
by measuring only at one point (resistance drilling, pull-testing, increment core
cracking). Without knowing the internal situation and the loading direction with
the biggest losses in load-carrying capacity, it is impossible to determine the safety
of such a tree. The tree would have to be pulled into several directions (preferably
using four strain sensors at different heights) in order to determine the most dangerous loading direction. This is commonly far too expensive and thus impractical.
In addition, for evaluating the meaning of strain-measurements, reference values
are required that might not be applicable to the specific tree for evaluation (Fig. 12).
Thus, pulling-tests are not a solution for such kinds of breaking safety evaluations.
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Figure 12
This SIA-Online Form can be used for free and allows us to determine the so-called “Basic stability”
(=breakage safety factor of the tree with an intact stem) as well as the “Medium required residual wall”
for sufficient safety. For the oak tree shown in Fig. 3 with a total height of more than 25m and a stem diameter of 2.5m (~100”), this minimum wall-thickness has to be 1cm (0.4”) according to SIA for sufficient
safety. This obviously incorrect result is a consequence of inappropriate reference values and the fact
that the section modulus does not correctly reflect the load-carrying capacity of thin-walled wooden
tubes as can be seen in Fig. 6.

Figure 13
This tree has been standing close to a subtropical coastal shore line for more than 120 years. As shown
by the sonic tomogram, the stem is severely damaged and and has been hollow for decades. But, the
tree survived dozens of hurricanes while young intact trees in the same area broke. This confirms that
the older trees are, the higher their basic safety and the more decay the can tolerate without being
significantly more susceptible to breakage.

to the oak tree shown above (Fig. 3) leads to
an interesting result (Fig. 12) for sufficient
breaking safety: “Medium required residual
wall = 1cm”. This obviously incorrect result
is a consequence of mainly two reasons:
•
material property reference values
(stiffness, critical strain, and drag
coefficient) do not need to be correct for
the specific tree (Spatz & Pfisterer 2013);
•
the real load-carrying capacity of
hollow wooden cross-sections is
significantly smaller when calculated
by the section modulus (Fig. 4) soon as
t/R<1/3 (Fig. 6).
In consequence, the SIA concept
overestimates the real load-carrying
capacity by at least a factor of 10 and
should thus not be applied for safetyrelated evaluations of such kinds of trees.
However, there are some aspects to be
recognised and acknowledged within the

SIA concept (Wessolly 2005):
•
Breakage safety is not only determined
by the relative loss in load-carrying
capacity of a cross-section but is
always a result of comparing loadcarrying capacity with the real load
the tree is facing (However, doing this
in absolute numbers does commonly
not work as shown in Fig. 12).
•
Mature trees can provide a much
higher basic safety compared to
younger trees (due to their age).
The load on a common urban
tree mainly comes from wind and is
proportional to height (H) of the tree to the
power of three (Rinn 2014a). Interestingly,
the load-carrying capacity of the stem
cross-sections depend on the diameter
(D), similar to the way wind-load depends
on total tree height (H). In consequence,
D³/H³ can be used as a measure for tree

safety, not in absolute numbers (as shown
above), but by observing relative changes
of this ratio over time (Rinn 2015). The fact
that trees try to keep H/D constant for
decades after the juvenile growth phase
(Kahle et al. 2008) can thus be interpreted
as their desire to keep a constant safety
factor (~D³/H³) for this period of the tree’s
life-time. But, as soon as tree height is not
increasing any more (typically 60 to 80
years of age for common urban broadleaved trees), trees still annually put on
a new growth layer and thus continue
growing in girth. Consequently, the older
that mature urban trees are, the higher
their basic safety factor and the more
defects they can tolerate (Fig. 13) because
of the continuously increasing basic safety
(~D³/H³). Taking into account this aging
effect allows us to determine the gain in
safety for any kind of mature tree (Fig. 14)
and thus allows us to find out the extent
of defects that can be tolerated without
having an increased probability of failure.
In consequence, in many if not most of the
mature trees we inspected in the last years,
there was no need for pruning (for windload reduction) or need to recommend any
other kind of mitigation measures, leading
to many positive effects:
•
less money needed for pruning and
•
cabling;
•
less damage to vitality and to the
tree’s power of resistance against
fungal decay;
•
longer and cheaper conservation
of mature and ancient trees as
important natural habitats, not only
in urban areas.
Summary and conclusions
The 1/3-rule correctly reflects the fact
that the load-carrying capacity of
circular cross-sections with centrally
located voids drops down more strongly
as soon as the ratio of shell-wall-thickness
(t) over radius (R) goes below 1/3. This
“turning point” in the curve of the section
modulus (Fig. 4) equals a loss in loadcarrying capacity of approximately
20%. But, from this point on, the section
modulus calculation gets increasingly
incorrect when determining the relative
loss in the load-carrying capacity of
a cross section due to internal defects
(Fig. 6), because wood is a non-isotropic
material, specially weak for shear and
torsional stresses. That means, the 1/3rule is a valid and important aspect for
understanding the general properties of
a certain kind of loaded, defective stem
cross-section.
But, for safety assessments of the
typical mature urban trees, the 1/3
rule usually cannot be applied because
the cross-sections to be evaluated are
commonly not circular and the defects
are usually not located in the centre. Such
cross-sections can be evaluated only
when applying tomographic approaches,
revealing a relative loss in load-carrying
capacity as compared to the fully intact
cross-section. But, this is only one input
parameter when evaluating safety, because
the load has to be taken into account as well
and thus, the height and the approximate
age of the tree have to be determined. Doing
this in absolute numbers (like SIA) can

Figure 14
Example of a smartphone application estimating the relative breakage safety level of the stem of a mature oak (Quercus robur). The key factors are original/
maximum and current tree height (Rinn 2013, 2014a), tree age, and years of maturity (after having reached maximum tree height). Although this stem
cross-section lost about 35% of load-carrying capacity due to the obvious defects (equalling approx. t/R~23%), the remaining safety level is still significantly higher than a young intact tree (100%). Due to the reduced height (originally ~25m, now ~15m) and the age-effect (increasing girth since height growth
stopped, thus for about ~150years), the tree gained approximately 165% additional basic safety. Subtracting 35% due to the defect, still leaves approx. 170%
and shows that there is no need for further crown reduction – although more than 60% of the cross-sectional area is hollow or decayed. However, when the
load-carrying parts of such stem cross-sections get segmented, symmetric pruning and static crown cabling may be required in order to prohibit branch
failures from torsional stresses.

deliver worthless or even dangerous results, as shown in Fig. 12.
Thus, relative approaches, looking for changes in the major
factors over time (tree height and breast height diameter) are
more appropriate as shown above: as soon as trees no longer
grow in height, their basic breaking safety increases annually
because the load-carrying capacity of the trunk depends on stem
diameter taken to the power of three. Even tiny radial growth rates
thus lead to a significant increase of the load-carrying capacity.
Consequently, depending mainly on age, the changes in diameter
and crown height over time lead to the fact that mature trees can
tolerate significantly more and bigger defects without being more
likely to break as compared to young (and even intact) trees. An
uncountable number of mature trees, hollowed out over decades
but surviving strong winds prove this as a fact. Fortunately, the
increase of the basic breaking safety (as a function of age and
growth rate) as well as the loss in load-carrying capacity can
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