An open letter on
the “generalised tipping curve” of the SIM pulling tests, the
“dynamic” SIM wind load analysis and VTA

This paper is an open letter, as answers and explanations from the herein mentioned
authors would be warmly welcomed

Peter Sterken'’
!'Unaffiliated. Independent Researcher Arboriculture, Plasencia, 10600, Spain

" Corresponding author: peterjarilla@gmail.com

Please cite as:
Sterken, P. An open letter on the “generalised tipping curve” of the SIM pulling tests, the
“dynamic” SIM wind load analysis and VTA. (2022). https://osf.io/4ehns

Abstract

Current methods such as the Visual Tree Assessment (V'74) of Mattheck and the pulling tests of
Wessolly (SIM) and others will be analysed here. A number of authors have asserted since 1998 that
their “generalised tipping curve” (GTC) would predict the uprooting of trees by extrapolating small
values of stembase tilt angle under a static pull, and that 100% of the maximum or critical uprooting
moment (M..,) would be reached at 2.5°. However, evidence elucidated from literature and pulling
tests strongly suggest that a very different tipping curve (similar to a curve published in 1965 by a
comparatively unknown researcher) has been used instead for the pulling tests, where 1° = 100%
M_,,. That curve will be called the SIM curve herein. A number of related researchers report
contradictory findings, by showing either uprooted trees that had obeyed the GTC (2.5°) or trees
that had perfectly obeyed the SIM curve (1°) which is confusing. This paper also analyses highly-
cited and influential proclamations regarding the GT'C and the “dynamic” versus “quasi-static”
WLA, that may have, quite simply, sprouted from unconscious research bias.

Introduction

The assessment of the risk of trees and palms falling down (uprooting or breaking) plays a pivotal
role in the arboricultural industry. And this, not only because of legal and physical concerns, but
also because a reliable method would be the “Holy Grail” and an extraordinary source of financial
wealth.

Current leading methods for assessing the uprooting and breaking potential of trees and
palms are based on simple beam theory (BT). The SIM pulling test method or “tree-statics” were
published by [9-13] and others. The tree is envisaged as a beam that is firmly fixed and a static
bending moment would cause axial stress to exceed the wood's strength. The curvature of the beam
is assumed to be negligible and it is made of an isotropic material that does not damp any
mechanical energies. The SIM pulling test method or “tree-statics” were published by [9-13] and
others.

With the pulling test (PT), a hypothetical safety factor for breaking is obtained by measuring the
microscopic longitudinal deformation of the peripheral fibres with strain-gauges or elastometers
while the tree is statically pulled. Then, that strain is correlated according to Hooke's law (ut tensio
sic vis) with the static pull load and a hypothetical “dynamic” (in earlier publications) or “quasi-
static” (in recent publications) wind load analysis (WLA), to estimate primary failure of the fibres on
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the compression side. Experiments with strain gauges on leaning branches have been conducted too
assess their predictive value.

The uprooting potential for a design wind speed is also extrapolated with a “tipping curve” as the
basal deflection is recorded with tilt sensors or inclinometers. The root system is assumed to be
either a freely-rotating semi-spherical mass which self-weight would counteract a static bending
moment or a deformable horizontal beam which would fulfill the same function (resembling an
inverted “T” or a horizontal “S”). Then, the values are extrapolated according to the famous
“Generalised Tipping Curve” (GTC), published from 1998 onwards. The values obtained would
then predict the uprooting safety factor (in %) by comparing a hypothetical wind load with an
alleged critical load for uprooting, the latter based on the GTC.

However, the GTC is invariably shown as a diagram without explaining the mathematical equation
behind it.

According to those authors, 40% of the critical uprooting moment (M.,;) is reached at an inclination
(0) of 0.25° of the stembase, while 100 % of M., would be reached at 6 =2.5°. The GTC is allegedly
the result of uprooting 400 trees: “The generalized tipping curve was derived from scientifically
based destructive pulling tests of more than 400 trees of different species under different soil
conditions” [sic. 12]. Wessolly and Erb ([10], p. 278) refer to that curve as “discovered by the
author” (sic.), and victoriously proclaim (pp. 161-162): “..nearly all trees bend in an almost
identical arc...”, “...no matter whether the roots are intact or damaged...” and “...the stability of a
tree can be determined accurately...” (sic.). And: “Applies to all trees” (sic. [10] diagram, p. 163).
And on p. 242: “Inclino method (SIM) pulling test...diagnostic accuracy...very good” (sic. [10]).
However, no clear references were found in [9-12] pointing towards scientific, peer-reviewed papers
relating to scientifically sound data and scientifically contrasted procedures that would support their
claim.

Other arboricultural companies have developed and marketed their own brand of pulling test
in their wake. However, it is unknown to the corresponding author if those other arboricultural
companies/brands have simply copied the original GTC into their own pulling tests or not.

The issue with such extrapolations is establishing a threshold or critical angle. For instance,
[14] do not set that threshold, by which the predictive value of their method could be anywhere
between 0 and 100%. Their motion sensors just indicate the tree's basal inclination under winds and
establish a correlation for each individual tree. But without a threshold (e.g. 1° or 7°), their method
says not much about the tree's stability and it remains thus guesswork. The following quote
evidences this fact when they say “..trees that tilt 0.25 degrees or more at 50 km/h will have an
inclination of 0.6 degrees or more at high windspeeds...” (sic. [14]). It is difficult to be more
imprecise and obscure than this in a scientific journal. Nevertheless, these same authors unwillingly
also helped to reveal the real and unpublished SIM curve as used in 2003-2004 as will be explained
further. And related authors [15] also publish an entirely different uprooting curve.

Related researchers have victoriously proclaimed that their commercial WLA software packages
would incorporate “dynamics and natural frequencies” (e.g. [9-12]). For instance, Detter et al.
([11]) stated: “...(aerodynamic drag in tree crowns, enhancing effects due to oscillation) were
incorporated in the original equations.” (sic. [11]). And Wessolly and Erb ([10], p. 234): “...the
load analysis of the crown, taking ... into consideration... and the tree's ability to oscillate”. And:
“Dynamic components of the wind and of the tree are also taken into account” (sic. [10]).

But no evidence could be found to support their claim [4].

The wind load was thus assumed to be dynamic, while the same authors recently proclaimed that it
would be “quasi-static”. Highly-cited researchers in forestry support this mechanistic model, while
the ones in urban environments market commercial static pulling tests.

Another popular method is to combine a WLA with BT, i.e. a static bending moment that would
cause axial stress to exceed the wood's strength, and often combined with decay detecting devices



such as drilling or tomography. An an in-depth analysis of commercial tools, research claims and an
overview of their possibilities, limits and predictive value were given in [3-8] and is not repeated
here to avoid redundancy.

And, on the other side of the spectrum, there is the Visual Tree Assessment method (V7A):

Several decades ago, two highly-influential ideas were published: the “axiom of uniform stress”
and the “compression fork” model [16]. According to the axiom, a uniform stress level would be
maintained by compensation wood. This led those authors to propose “outer symptoms” of inner
mechanical defects (e.g. decay) like, for instance, swollen areas, wrinkles and bulges. The presence
of those symptoms would then require further inspection with commercial decay detecting tools
(e.g. micro-drilling, the “Shigo meter” or acoustic tomography). Or the Fractometer, also marketed
by the author of [16] together with his books and workshops.

Meanwhile, another popular and die-hard idea in arboriculture is that branches with included
bark would push each other outwards, leading to possible fracture, which was also published by the
same authors of [16] and which was seemingly unsupported by scientific evidence. Logical
reasoning was offered in [7] that shows that those two ideas, when combined, appear to be self-
invalidating.

The VTA method also offers criteria for the acceptable hollowness of trees, with the
detection of external symptoms of internal faults. The famous V74 rule was supposedly a critical
threshold of the ratio of the residual wall thickness versus the radius of the cross-section (#/R).
Hollow dicotyledon trees would present a higher risk of breakage if that ratio were lower than
t/R=0.32 (or 70% of the cross-section damaged) [17]. And that rule, easy to grasp by arborists and
practitioners, has been used world-wide for the breaking risk assessment of hollow tree and palm
stems, while has been successfully marketed in combination with commercial decay detecting tools.
Nevertheless this ratio was recently scientifically refuted in [3] while it has been attributed to
falsification too (Griiber in [3]).

It will be shown that the published G7C is suggestive of being misleading or erroneous information,
as other tipping curves were found. A literature review of publications related to V74 and PT
suggests that related authors have published contradictory and even self-invalidating findings.

It will also be shown how publication bias and research bias may be responsible for the high
prevalence of papers and researchers who support V74, BT and PT and related commercial devices.
It is also suggested that this high prevalence of seemingly unsubstantiated or contradictory claims,
may suboptimally be channelling the course of funded research, while shaping the concept of
“structural stability” as perceived nowadays in the arboricultural and forestry industry. Examples
will be given to show how apparently obscure or flawed proclamations have survived or subtly been
adapted since 1998, to finally appear as “scientific” in 2021, although their path seems to be strewn
with discrepancies and incongruencies.

Some guidelines will be given to simulate WLA and uprooting predictions, coupled with motion
sensors and critical wind speed calculations, on a simple spreadsheet.

From here onwards, the whole body of the Tree Structure (aerial parts and roots) will be denoted
TS, as trees may fall down by structural failure of the roots too (e.g. snapping, tearing or splitting)
and not only because of “uprooting” (i.e. a shallow turned-up root plate). This is important, as terms
such as “uprooting” or “tipping” often imply forcing and channelling our minds towards the over-
simplified models such as used in pulling tests or mechanistic forestry models.



Materials and Methods

Compliance with guidelines and legislation: Experimental research and field studies on plants
(either cultivated or wild), including the collection of plant material, must comply with relevant
institutional, national, and international guidelines and legislation. However, plants or trees were
involved now and the present study only analyses previously obtained empirical data and published
claims.

Uprooting

The corresponding author had always perceived the published GTC of [9-12] as “odd”. Perfect
values such as 0.25° and 2.5° are related to perfect outcomes (40% and 100% respectively) and can
be found everywhere (e.g. [9-13]). And Detter and Rust ([13], Fig. 6) claim that M, equals 2.5
times the moment needed to reach an angle of 0.25°. All this looked geometrically too good. So, a
simple five-minute experiment sufficed to reveal another curve than their published GTC:

First, 0.25 was multiplied by 2.5, giving 0.625. This value is also, coincidentally, the angle at which
100% of M, 1s reached in [15] who also support the pulling tests. And again, this looked
geometrically too good. Then, 0.25 was divided by 2.5, giving 0.1. And as the only changing
parameter is 6, and since the GTC looks exponential, it was just a matter of experimenting for a few
minutes to find the following equation:

0.25 (0.25%2.5)
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2.5 Eq. 1
This equation gives 31.53% of M., when 6= 0.25° which is thus surprisingly close to 40%.

Next: Detter and Rust ([13], Fig. 6) say that the estimated allowable load would be 130 kNm and
that that would agree exactly with an angle of 1°. Then they say that 0.25° equals 40% of the
estimated allowable load (thus: 52 kNm x 2.5 = 130 kNm). So, the more precise parameters were
found in the following manner:

Parameter 1= w
40 Eq.2
Parameter? — \/ Parameter 1
10 Eq.3

Hence, Parameter 1= 0.6250 and Parameter 2= 0.0791. Then Parameter 1 had to be slightly adjusted
manually, to agree better with 6 = 1°= 100% M.,
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Surprisingly, Sagi et al (2019, [48]) also show a tipping curve where 6 = 1°= 100% M.
The equation published in 1965 and borrowed by Sagi et al (2019, Eq. 12) from Brinch-Hansen
(Brinch-Hansen (1965) in Sagi et al., 2019), gives 100% M., = 1°too:

M,=0"+0.0,(1-0")

Eq.5
Where:
Mo = the moment normalized by the failure value, in kKNm;
a," = rotation normalized by the failure value (1°);
o = the soil constant (1);
n = the soil constant (0.64).

Sagi et al (2019) show a formula that had already been published in 1983 (“The rotational stiffness



(KO) of a rigid surficial circular foundation can also be determined from classical elasticity theory
(e.g. Gazetas, 1983) sic. [48]).

3
x,—_8Gb
3(1—) Eq. 6
Where:
Ky = rotational stiffness, in kNm/degree;
G = the shear modulus (11 Mpa);
b = the radius of the root plate (0.52 m);
U = Poisson's ratio (0.5).

The forest tree pulled over in Sagi et al (2019, [48]) clearly has an ideal and modelable “..rigid
surficial circular foundation..” (sic [48]) and does not seem to be affected by decay or other defects
as commonly found in urban environments.

And the hypothetical validity of Eq. 4 was also confirmed by the following finding:

In 2015 Gocke and Rust [18] stated: “...the tilt values of 0,2°- 0,3° at 50-60 km/h automatically
lead to critical tilt values at gale wind speeds (90 km/h...” (sic. [18]). A tilt value of 0.25° at 50
km/h corresponds to the “critical tilt value” of 1° at 84,39 km/h. And 1° is reached at 88,69 km/h if
0.25° coincides with 60 km/h [18]. Hence, their correlation diagrams of “7ilt record 1: Picea tree”
and “Tilt record 2: Tilia tree (in summer)” ([18], p. 2) also agree with Eq. 4 (Table 1).

From here onwards, Eq. 4 will be denoted as the “SIM” curve.

Table 1. Eq. 4 or the SIM uprooting curve agrees surprisingly well with the correlation diagrams
published Gocke and Rust [18].

formula SIM formula SIM
50 km/h 60 km/h
Recorded wind speed=[  13,89m/s Recorded wind speed=[  16,67|m/s
Recorded inclinometer=| _ 0,20/degrees Recorded inclinometer=|  0,30/degrees
35,10 % of Mcrit 45,78 % of Mcrit
Critical wind speed= 23,44m/s Critical wind speed= 24,63 m/s
84,39 km/h 88,68 km/h
Tilt record 1, Picea tree Tilt record 2, Tilia tree in summer
56 km/h 54 km/h
Recorded wind speed=[ 15,56|m/s Recorded wind speed=[ 15,00/m/s
Recorded inclinometer=_ 0,25|degrees Recorded inclinometer=|_ 0,25|degrees
40,63 % of Mcrit 40,63 % of Mcrit
Critical wind speed= 24,41 m/s Critical wind speed= 23,53 m/s
87,86 km/h 84,72 km/h

The following procedure also allowed to test the validity of Eq. 4:

Eq. 4 was compared with the results of the SIM pulling tests carried out by the corresponding author
in 2003-2004, to see if there was any agreement too. A number of Inclinometer measurements (n =
234) and corresponding safety factors for uprooting (SFupweing ) Were taken from 14 pulling tests.
The raw, uncalculated data had been emailed to Brudi and Partner Tree Consult (authors of [11])
who ran the raw data through their SIM pulling test software, to return the final results to the
corresponding author as pdf-files. The pdf files were purchased by the corresponding author for its
posterior use in workshops and his arboricultural consultancy services.

The correlation between M., and 6 was obtained by calculating backwards the known results
(starting from SFyp0ing ) from the pulling tests:

Step 1: (Mprop/ SF prooiing) = Myt
Step 2: a table is made with two columns, containing measured 6 and calculated M., respectively;
Step 3: this data was run through a software [19] to find the correlation and the fitting equation



(similar to Eq. 2 but with entirely different parameters) that would enable prediction of M, by
simply inputting 6.

The correlation found for the SIM software was confidentially shared with the editor and referees.
There may be a slight variation between the equation used in the SIM software of [11] and the one
found herein, as the original data on the pdf files had been rounded off: ie. a safety factor for
uprooting of e.g. 67% (on the original pdf sheet) might have been e.g. 67,49% (in the original
software). And, as the rounded-off values were used herein, the new-found curve, calculated
backwards from the rounded-off numbers, may slightly deviate, as it will give, again, 67% instead
of 67,49%. But this does not affect the crucial observations made in this study.

The original pulling test sheets in pdf were shared confidentially with the peer-reviewers, to
ensure full reproducibility by the latter and also to enable unbiased and independent confirmation of
the mathematical precision of the corresponding author's findings. In this way, statements regarding
the “inclinomethod” (e.g. [9-15,18]) could finally be tested.

The beam fixed on a half sphere
Several authors in forestry have proposed critical uprooting moment predictions, considering an
inverted cone-shaped (e.g. [20]) or a half-spherical root-soil plate with a certain radius (Rr) and
density (p, kg/m?) [21]. Gravitational force would then act as an effective lever to oppose a bending
moment caused by wind in the crown. The stiff beam is firmly fixed to the sphere and the latter
rotates according to the force at the tip of the beam, neglecting shear and friction between the “root-
ball” and the surrounding soil. If the density remains the same (e.g. p = 2500kg/m? from [15]), then
the sole predictor of the critical moment is the radius of the root plate (Rruu), for any given tree and
soil condition (e.g. dry, frozen or water-logged).

First, the critical moment M., is taken from both tipping curves: 0.25° = 40 and 1° or 2.5° =
100%). Then, the corresponding critical Rry;, can be calculated by inverting the equation of [21]
and taking p = 2500kg/m* and g = 9,81 m/s:

d 3% M, %1000
erinz T AL
g*Z*ﬂ:*p Eq. 7

The third uprooting curve

The FE model of [15] was a beam fixed on rotating a half sphere. Their model was said to be
validated, as the correlation sufficiently predicted moment versus inclination, for both the FE model
and a real uprooted tree. The correlation for moment versus angle was described as (Fig. 5A in

[15]):

M =368.2x0%x0.01%x100 Eq. 8
Where:
M = the moment related to 6, in kNm.

Here, a M of 92.05 kNm is given at 0.25°, which would be 40% of M.,.. Then it follows that 100%
M= 230,15 kKNm. Which now corresponds to § = 0.625°.

Dynamics
The equation for brick and steel chimneys from [6] (p. 256, Eq. 11) was used here:



h2
=100 Eq.9
Where:
n = the bending-frequency of the trunk, expressed (Herz);
€ = the factor of frequency (4420);
d = the diameter of the trunk (cm);
h

= the height of the tree (m).

The corresponding author found this equation coincidentally in 2005, when he was trying out a
number of published (and mostly very complex) equations with the aim to discover the equation
behind that highly-cited and much-celebrated claim (“static pulling with dynamic wind load
assessments”).

The wind load analysis and pulling test files (an undisclosed number that was high enough to
provide substantial verification) were shared with the peer-reviewers to ensure the correctness of
this surprising finding. A wide range of specimens were included (palms, deciduous open-grown
trees and conifers, all in urban environments). The raw data had been recorded by the corresponding
author, then the calculations had been carried out by [11] in 2003-2004 and the pdf files purchased
by the corresponding author for its posterior use in workshops and his arboricultural consultancy
services. In this way, statements regarding pulling tests, “dynamic wind load assessments” or
“quasi-static” (e.g. [9-12] could finally be tested.

Literature review

The review of publications related to the GTC, WLA, pulling tests and V74 was conducted as
follows: Searching on Google (incognito mode) was chosen, as this enabled to detect highly-
influential authors and claims in grey literature (e.g. articles in magazines, conference papers) and
non-indexed predatory journals, that would not have been detected in databases that are commonly
used for academic purposes (e.g. Scopus or Pubmed). Search terms evolved around the following:
‘generalised uprooting curve’, 'dynamic wind load assessment trees' and ‘visual tree assessment +
compression folds’. Then, the process was continued by manually selecting other publications that
were cited in the publications retrieved during the first search. The cycle was repeated until
sufficient evidence was found to support the analyses. And as a considerable number of articles was
found with a rather poor and non-rigorous appearance and seemingly evolving around the same club
of authors, the search was enriched by combining terms such as e.g. 'Forests', 'pulling tests' and
'resistograph’. Publications were sought for that offered commercial tools, alleged solutions for the
risk assessment of trees or have been influential in the arboricultural and forestry fields and that
were online available for free (Open Access). Some of the reviewed publications had already been
retrieved for [3-8]. Unfortunately, some publications are available to members only and could thus
not be scrutinised (e.g. Arboric. Urban. For. of the International Society of Arboriculture).

Limitations of this study
So as not to exceed manuscript length, only a small sample of examples could be included. Hence,
the remarks and observations made may not be limited to the herein mentioned authors.

Results and discussion

Perceived discrepancies and contradictions that question the “Generalised Tipping Curve”
The simple mathematical experiment carried out with published values from several “tipping
curve” diagrams and the 234 inclinometer measurements by the corresponding author, revealed a



very different curve, compared to the published diagram of Wessolly and related authors (e.g. [9-
15,18]).

The real SIM tipping curve as used by Detter et al. [11] in 2003-2004 seems to be very different
from the GTC they have published (Fig. 1).

Figure 1: the red “Generalised Tipping Curve” as published by Detter et al. ([11]) is compared with
the results of the SIM software used by Detter et al. ([11]) (blue curve) and the green curve by [15].
Note how the SIM curve lies below the published GTC.

Comparison of the published GTC (Red) with the SIM curve (Blue) Comparison of the published GTC (Red) with the SIM curve (Blue)
and the green curve by VYojackova (2021) and the green curve by Vq’ackova (2@1)
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And this has serious consequences:

First, 100 % of M., would be already reached at & = 1° instead of 2.5° according to the
curve that was calculated from published results and also the results of the SIM pulling test
software. It is only at 8 = 0.25° that both curves cross and give thus a similar M,,;, and safety factor
for uprooting.

And again, it is a bit odd that that curve and the “M.., = 100% " also coincide so precisely,
but now at an € of 1°. The GTC is allegedly the generalised result of uprooting 400 trees [12]. So,
again, the mathematical precision (M., = 100% at 6 = 1°) is astonishing. One would think that
nature-made structures (trees, root systems and soil conditions) would not obey such a constant
mathematical precision.

Secondly, this means that the SIM formula invariably gives a safety factor of only 55.35 %
compared to the safety factor as calculated with the published diagram at high angles (e.g. 6 = 2.5°).
And, on the other side of the spectrum, at very low angles (e.g. 6 = 0.01°), the SIM formula gives a
safety factor of only 34.10 % compared to the safety factor as calculated with the published GTC.
In other words, the “real” uprooting safety factor of the trees can be as low as one third (1/3) of the
safety factor as calculated with the published GTC.

And the third curve by [15] shows that theirs is again very different from the published GTC
and that 100 % of M., is reached at 8 = 0.625°, which is again different from the former two curves.
And thereby, and at the same time, they confirm (with words) and refute (with their tipping curve)
the claims of their colleagues, the published GTC, the SIM curve and their entire Inclinomethod.
The authors of [15] used a FE model, that was simply a beam fixed on rotating a half sphere which
was said to agree sufficiently with the results of their pulling tests. This could suggest that the GTC
and SIM tipping curves were developed on that model and not by uprooting real trees.

Hence, the following question inevitably arises now: Why is the “generalised tipping curve” as
published in the diagram or cited by [9-13] from 1998 to 2016 so different from the real curve from
the SIM software, and also and the third one (based on one experiment)?

This means that a tipping curve similar to Eq. 4 was already being used by Detter et al. [11] in 2003,
while they have been publishing an entirely different one. Wessolly and Erb [10] kept on publishing
the original GTC, 13 years later.



Moreover, in Gocke and Rust [18] it is said: “...the tilt values of 0,2°- 0,3° at 50-60 km/h
automatically lead to critical tilt values at gale wind speeds (90 km/h...” (sic. [18]). And that claim
can be reproduced with the SIM curve of 2003 (see Methods). This suggests that the commercial
method of Gocke et al. [14] and Gocke and Rust [18] could simply be the unpublished SIM curve as
already used in 2003-2004 by Detter et al. [11].

However, the equation published in 1965 by Brinch-Hansen but borrowed and adapted by Sagi et
al., (2019, [48]) also gives the same result: M., = 100% at 6 = 1°.

Figure 1. An adapted equation from 1965 gives the same result as the unpublished SIM curve

Peter Sterken
The Eq. 12 of Sagi et al (2019) taken from Brinch-Hansen (1965) gives similar
Figure 3 results as the SIM tipping curve from 2003, even though related authors were
Publishing the entirely different GTC curve of Wessolly, Brudi, Detter and others.

Data input Sagi et al 2019. Eq. 12
Moment WLA= 144,13 kNm a= 1,00
Height cable= 10,00 m n= 0,68
Angle cable= 0,00 degrees angle 1,000
Dynamometer F= 5,77/kN pull Normalised moment Mo= 1,00
Pullingtest moment= 57,65 kNm
Simulated M/ Pred M= 40,00 % Sagi et al 2019, Eq 13
G= 11,012 MpA
b= 0,52m
u= 0,5
Rotational stiffness= 8258 kN/rad
144,13 kNm/degree
Published Generalised Tipping Curve (Wessolly, Erb, Brudi, Detter et al.)
Inclinometer= [ 025degrees
40,30 % of critical load  Coeff. Value
Critical moment= 143,05 kNm a 0,2794030591
Safety uprooting= 99,25 % b 1,1713389998
Crit. Rootplate radius= 1,29 m c 0,4217422403
d 114,14344562
Formula deduced from Sterken's pulling tests (SIM)
Inclinometer= [ 025degrees
40,63 % of critical load
Critical moment= 141,91 kKNm
Safety uprooting= 98,46 % #
Crit. Rootplate radius= 1,29 m
Correlation suggested by Vajockova et al (2021)=
Incl= 0,25 degrees
Moment= 92,05 kNm
Mcrit= (M/40)*100= 230,13 kNm A
Critical angle= 0,625 degrees
Inclinometer=
|Critical moment= 92,05kNm
40,00 % of critical load
Critical moment= 144,13 kNm
|safety uprooting= 100,00 %
Crit. Rootplate radius= 1,29 m
Formula deduced from Detter and Rust (2013)
Inclinometer= ‘ degrees
0.25*2.5 0,63
0.25/2.5 0,08
41,14 % of critical load
Critical moment= 140,14 KNm
|safety uprooting= 97,23 %
Crit. Rootplate radius= 1,29m

The “Crit. Rootplate radius” here above is from Pantaleo et al (2005)
© Peter Sterken, 2021

And the unpublished SIM curve from 2003 also agrees with an uprooted tree in Detter and Rust
[13]. And this could be perceived, not as the result of empirical results from real trees in real winds,
but as misleading information. And yet, [9-12] meanwhile published an entirely different
“generalised tipping curve”, which is odd and might require answers. The uprooting diagram of



([13], Fig. 6) is very similar to their real SIM software curve from 2003-2004. The original GTC
they had always published disappears here mysteriously into the mists of time. It is a striking
coincidence indeed that both the tree in ([13], Fig. 6) in 2013 and examples in [18] from 2015 agree
with the SIM curve from 2003.

The following four findings can be stated now:

o The strong “#/R found in standing trees” claim based on strain gauge measurements
published by [9-11] was found to be untrue [5];

e Several commercial wind load analysis software packages were successfully simulated with
an utterly simple model, among them the SIM software of Detter and Brudi (see [4]);

e The “natural frequency” from the SIM software of Detter and Brudi ([11]) could also be
perfectly simulated with a formula for brick chimneys.

e Also the published “generalised tipping curve” differs greatly from the curve used in the
SIM software and the third curve of [15] (assertedly validated by FE and uprooting one
tree).

e And, are their two tipping curves really the result of “uprooting 400 trees” as stated by
Brudi and van Wassenaer ([13]) and others? If that were true, then there should not be two
completely different tipping curves published (G7C) and used (SIM) by them, right?

It has become hard to discern the truth from irregularities and contradictions. And these four
premises seemingly question, contradict or refute their published claims, so: How is that possible?

Examples of the considerable number of published contradictions and seemingly erroneous
information, all by authors related to the same G7C and commercial pulling tests will be offered
here, to show the misleading potential of the related publications. The following analysis unveils
more strange coincidences and incongruencies:

In Detter and Rust [13] a striking coincidence was found. They say: “Wihrend fiir Eschen
(Fraxinus excelsior L.) und Winter-Linden (Tilia cordata MILL.) der Faktor 2,5 eine gute Niherung
fiir die Hochrechnung der Versagenslast darstellte, lag dieser Wert fiir Berg-Ahorne (Acer
pseudoplatanus L.) mit dhnlichem Durchmesser deutlich héher (Faktor 4,5).” (sic. [13]).

So, their extrapolation for the first two trees, by multiplying M at 0.25° by a factor of 2.5 would
correspond to 100% of M., which would be 2.5° for the GTC and 1° for their SIM curve. But the
factor 4.5 for the third tree, coincidentally corresponds to = 183% of M., which is the exact value
given by their SIM curve at 2.5° (as 40.63 times 4.5 = 183).

It is very odd that those three trees would yield exactly those results.

Detter and Rust ([13], Fig. 9) give two correlations between the moment at 0.25° and the maximum
uprooting moment: Wessolly's factor 2.5 versus their results from uprooting 20 trees (y = 3.0x +
14.0). Their prediction would agree (R*=0.92) with real uprooting moments. But, it exceeds
Wessolly's prediction by 183% at 8.9 kNm. And at 50 kNm their M., is 132% higher than the value
predicted by Wessolly. If it really were true that “0.25° = 40% of M...,” as claimed by these authors,
then both correlations should at least run parallel to each other, instead of deviating from each other.
There is a difference of 53.6% within their own linear correlation of measured M., for 20 trees.
Which means that the pulled-down trees do not follow any of the curves. (The lower value of 8.9
kNm at 0.25° was chosen as it gave exactly the same result as their SIM curve at 2.5° = 183% of
M)

Gocke et al. [14] validated their product by stating: “Standard pulling tests for anchorage rely on
the fact that there is a linear correlation between load at a root-plate inclination of 0,25 degrees
and load at failure (Detter and Rust, 2013).” (sic. [14]). But Detter and Rust [13] show deviations



up to 53,6% within their own correlation, so that should seriously question the reliability of the
product of Gocke et al. [14] too.

Detter et al. [37] pulled trees down, to compare the result with published values and stated in 2019:
“The curves resembled the so-called “generalized tipping curve” (Wessolly and Erb 2016)... " (sic.
[23]). However, their real SIM curve does not resemble the GTC of [9-12]. So, does that mean that
the real SIM curve, employed in 2003-2004 by [11] and found in [13] would then be wrong?

And Rust and Detter [38] say: “...measuring the tree’s reactions with a high-precision inclinometer,
and extrapolating those data to determine the minimum strength of the root system (WESSOLLY,
1989; DETTER and RUST, 2013; ...” (sic. [38]). But, Wessolly uses a different correlation than
Detter and Rust [13] to determine that strength and with different results.

So, which of the two is reliable now?

And: “Using the method described in WESSOLLY and ERB (1998), there was a good correlation
between estimated and measured anchorage strength (Fig. 1), although anchorage strenght was
systematically understimated. ”(sic. [38]). But, as shown herein, the correlation of Wessolly and Erb
[9-12] greatly overestimates anchorage strength as it underestimates M., (1° = 84% M....).

And their GTC overestimates the angle at which M., is reached (2.5°), compared with the real SIM
correlation of [11] and the one found in[13] (1° = 100% M.,;) and Gocke and Rust [18]. Does that
mean that [38]) then refute their own SIM curve they used in 2003-2004 and published in 2013?

And surprisingly, Vojackova et al. [15] also publish an entirely different curve.
This is all very incongruous and confusing.

Dellus, Wessolly and Detter [39] state: “Other parameters like tree natural frequency and damping
coefficient are used to calculate a “gust reaction factor”, which expresses the dynamic response of
trees to gusts.” (sic. [39] ). Their claim was seriously questioned in [4] and could now be perceived
as misleading information, as the “brick chimney” formula simulated perfectly their “tree natural
frequency”. And: “The safety factors for the root system and the trunk are calculated by
extrapolation of measured values to high winds. Reference values for green wood properties and
the general tipping curve allow calculate fracture and uprooting loads (Wessolly and Erb, 1998).”
(sic. [39]). But that quote could clearly be perceived as misleading information, as in 2003 they had
already used an entirely different SIM curve.

Buza and Divoés [40] show a diagram of what looks like an uprooted forest tree that would follow
precisely the published GTC of Wessolly, Brudi, Detter [9-12],... But then, obviously, their diagram
does not agree with the real SIM curve anymore.

Also Rinn [41] says: “Our measurements indicate that Wessolly's hypothesis probably was a good
guess.” and “...with a deviation in the range of +20%. In other experiments, the estimation error
was bigger, in some smaller.”. Rinn [41] published several diagrams to support his findings and he
thus more or less agrees with the published GTC (100% M. at 2.5°), but which shows here not to
be the real SIM curve.

This is all very irregular and confusing: Which of the curves is correct now, if any?

Hence, several conclusions can be drawn from such strange findings:

First, research bias could play a role here, otherwise these researchers would not have published



uprooting data that, strangely, “confirm” and “validate” three very different curves. And if any of
these tipping curves were really reliable and really the result of pulling trees down, then the
uprooting experiments should only support one curve, and not three very different ones.

Next: All these authors state that 0.25° = 40% of M., (M= 2.5*M at 0.25°). If this is really true,
then their extrapolations would only work fine as long as the tree is pulled (or pushed by the wind)
to exactly 0.25°. However, at lower or higher angles (e.g. 0.06° and + 2.5°) the extrapolations then
become very unreliable, as each gives a different uprooting safety factor.

A good example of how flawed or dubious leads can channel our minds towards erroneous
directions is [15] published in a reputable journal which guest editor (G. Dahle) has also co-
authored with several of the herein investigated authors. In it, a finite element (FE) model of the
tree response to static loading was validated with pulling a real tree over [15] . The authors amply
refer to the inclino-elastomethod of Wessolly, Brudi, Detter, etc. and perform the same method on
that tree. So far, so good... Nevertheless, there are several crucial remarks to be made:

First: They victoriously state: “The presented FE results and experiment (Fig. 5a) confirm
that inclinometers are a reliable tool as stated by Wessolly and Erb (2016) and Detter et al.
(2002).” (sic. [15]). However, nowhere in their paper can a validation of the GTC of “Wessolly and
Erb (2016) and Detter et al. (2002)” (sic. [15]) be found. And that GTC now appears to be very
dubious. So, their statement can be misleading.

Second: they do pull a tree over with the inclinometers, but they do not report if that
uprooted tree had obeyed the GTC or not. It would have been good if they had not omitted that
result.

Third: They say “...confirms that extensometers are a valid tool for local measurements of
sound wood properties” (sic. [15]), which is possibly true. But then, they improperly extrapolate the
former sound finding and then claim: “The extensometers capability to sufficiently reveal defects at
the same position is confirmed...” and that can also be misleading. In their £ model, simple beam
theory was combined with a 90% reduction of the modulus of elasticity (MOFE), to simulate
structural defects. And that approach is not reliable for many types of common structural defects
and behaviours, as any engineer should know (see also [3-6]).

Fourth: The entire crown had been cut down by [15] and its influence on the critical tipping
angle and gravity-based moments was thus also neglected in their pulling tests.

But, notwithstanding, here comes some conclusive evidence: The FE model of [15] was a

beam fixed on rotating a half sphere. Their model was said to be validated, as the correlation
predicted moment versus inclination, for both the FE model and a real uprooted tree: “...the overall
character of root-plate deflection (Fig. 6) is comparable between model and measurement. ”(sic.
[15]). And they thus conclude: “The presented FE results and experiment (Fig. 5a) confirm that
inclinometers are a reliable tool as stated by Wessolly and Erb (2016) and Detter et al. (2002).”
(sic. [15]).
Their “validated” tipping curve predicts that 6 =0.25° would equal a M of 92.05 kNm. And
according to [9-13] that angle would represent 40% of M... Hence, it follows that M., would be
230,13 kNm. So far, so good... Nevertheless, [9-12] also say that 100% of M., is reached at 8 =2.5°.
Which, according to Eq. 5 would then be 920.5 kNm. And this is now 400% higher than predicted
at @ =0.25° (230,13 kNm). This simply means that the correlation of [15] already refutes the claim
“2.5° = 100%M..,” of Wessolly and others [9-13]. And according to the real SIM curve (“1° =
100%M....”) M., would be 368,2 kNm. Which lies closer to the result of Eq. 5 but it is still 160%
more.

So, and as is shown here, the authors of [15] at the same time confirm (with words) and
refute (with their tipping curve) the claims of their colleagues, the published GTC, the SIM curve
and hence the entire Inclinomethod. Even in 2021 and in a reputable journal, dubious claims from
1998-2016 are still being perpetuated. Dubious leads can channel our minds towards erroneous
directions, while time and funding are suboptimally spent.



The original and published GTC seems to greatly overestimate uprooting safety and may thus lead
to the unexpected uprooting of “safe” trees. Perhaps it would be recommendable to restrict the
pulling tests to scientific research only, so as to reach a perhaps higher predictive value in the
future, before commercialising them. Other arboricultural companies have developed and marketed
their own brand of pulling test (e.g. [41]), in the wake of [9-14]. Hence, if those companies have
based their pulling test on the latter's GTC, then they should really be worried now.

In several publications, the unveiled tipping curves and extrapolations are said to come from pulling
trees over. Or examples of real uprooted trees are given that assertedly “validate” their curves.
However, the the great amount of “coincidences” and “validations” and incongruencies could be
perceived as, quite simply, misleading information, research bias or errors.

And the forest tree pulled over in Sagi et al (2019, [22]) clearly has an ideal and modelable “..rigid
surficial circular foundation..” (sic [22]) and does not seem to be affected by decay or other defects
as commonly found in urban environments. Hence, extrapolating such results to urban trees and
their common mechanical defects, limited root space and decay, and thereby “validating” the
pulling tests is a questionable procedure.

Rinn ([41]) proclaimed: “Our measurements indicate that Wessollys hypothesis probably was a
good guess.” and “Wessolly s hypothesis was a good guess, however, the data we obtained did not
allow us to really confirm the concept.” (sic. [41]). However, his article did not offer any references
to a peer-reviewed journal where he would have proven that claim or published the results of his
own commercial brand of pulling tests. But the present findings suggest that also Rinn ([41]) was
misled and, consequently, also published questionable statements.

Brudi and van Wassenaer (2002) also victoriously proclaimed: “So far, the inclino method is the
only method that provides reliable information about the anchoring potential of a tree.” And:
“..provide a scientific approach to tree failure analysis based on sound engineering principles.”
(sic. [12]). Their proclamation neither looks sound nor scientific anymore, and should perhaps be
revised.

In 2016, Wessolly and Erb stated: “..it is estimated that far more than 15.000 assessments have
been carried out...” and “10.000 of these assessments can be found in our archive.” and “It is used
in court proceedings as evidence...” (sic. [10] p. 230). Those court proceedings should perhaps all
be revised now. Some of the herein investigated authors are court-certified expert witnesses who
provide the court with a neutral assessment based on their knowledge as experts against the
background of certain specified facts.

One could thus also wonder how many pulling tests have wrongly-assessed trees, based on the
diagram, over the last three decades and all over the world. Or consider improper evidence adduced
in court in front of a judge, deviating the course of true justice (see also the remarks on V'TA4).

The lack of supporting scientific evidence adduced by the founding authors in [9-12] and the efforts
made by related authors to justify and validate their pulling tests with very few and even incongrous
and contradictory examples, suggest a great fragility of their method.



Perceived discrepancies and contradictions about dynamic and “quasi-static” wind load analysis
Mathematical results

The comparison with the equation for stiff brick and steel chimneys from [6] reveals a surprising
result:

That formula combined with a simple value (4420) gives exactly the same “natural frequency” as
had been “predicted” for a large number of trees with WLA and SIM pulling test software
packages. The WLA and pulling test files were shared with the peer-reviewers to ensure the
correctness of this surprising finding.

Hence, the results offered herein and published in Sterken [4] suggest that the “dynamic wind load
analysis” from the same group of authors is not “the result of decades of scientific research”, but
from simple textbook equations and that could be perceived as misleading information.

A discussion on dynamic and “quasi-static” claims

The paper of Jackson et al. 2021 [42] possibly inaugurates the first mega-collaboration of a great
number of leading scientists in forestry who cooperate and jointly publish with people from urban
arboriculture. The motion of trees in the wind was investigated therein, based on large sets of data
obtained with static pulling tests, strain gauges, inclinometers and accelerometers, leading [42] to
proclaim: “This suggests that, contrary to some predictions, damping or amplification mechanisms
do not change dramatically at high wind speeds, and therefore wind damage risk is related,
relatively simply, to wind speed.” (sic. [42]).

The amount of data, statistics and calculations described in the painstakingly-crafted paper of [42]
is overwhelming and impressive. But, there is an important detail missing. And so, it would be
constructive if the following questions could be answered by [42]: How were the investigated trees
selected?

The selection of trees influences the results. It is known in science that unconscious bias can
influence the design of the experiment when a certain final result is a priori desired. In other words:
some trees can unconsciously be chosen to render the desired results afterwards.

For instance, if I wanted to confirm my hypothesis/suspicions that dynamics and swinging are a
crucial component in tree and palm risk assessments, then I would choose e.g. 30-metre-tall
Washingtonia robusta palms, large and lion-tailed Pinus pinea trees or a left-over Fagus sylvatica
on a building plot (formerly a forest) that has been entirely cleared (that tree would thus be a tall,
top-loaded tree, with a crown high up the naked, and slender, trunk and main stems.

And if, on the contrary, | wanted to prove that “my static WLA software is reliable” (or that
“.wind damage risk is related, relatively simply, to wind speed (sic. [42])”, 1 would certainly avoid
the aforementioned trees. And, I would carry my experiments out on open-grown trees with stiff
stems and, especially, wide and well-distributed branches and crowns that would efficiently dampen
oscillation and structural behaviours and, hence, barely swing. Such as e.g. veteran urban and open-
grown trees with well-distributed crowns from top to bottom. That is: the typical open-grown
(heritage) trees in urban areas that are commonly selected to undergo the pulling tests. Or the sturdy
Eucalyptus teretecornus and Araucaria cunninghamii investigated and included in [42] by one of
the co-authors, James [43].

The following sentence from [42] also seems to support my analysis: “For example, a small fast
moving conifer would be less predictable, and a large broadleaf with complex branching
architecture may be less affected by changes in wind loading and therefore be steadier and more



predictable...” (sic. [42]). And also “sheltering effects” are mentioned: Could those not have
contributed to less turbulence and lesser swinging of the investigated trees?

Next, their proclamation “This suggests that, (...) wind damage risk is related, relatively simply, to
wind speed.” (sic. [42]) seems to suggests that we should not worry about damping or amplification
mechanisms and that, consequently, the PT and WLA products of the co-authors would be suitable
and recommendable for tree risk assessment.

Also, “This result could be an important contribution to estimating wind damage risk...” (sic. [42])
is indeed a very suggestive and optimistic proclamation when many co-authors market the same
devices as used for that study. And the following statement could also be perceived as convenient
for some of the co-authors who commercially offer strain gauges, inclinometers and pulling tests:
“We recommend the use of strain gauges to measure tree motion in this case since they provide
comparable absolute values which can be related to the risk of mechanical damage.” (sic. [42]).

The authors of [42] seem not to be informed yet that the use of strain gauges and the simplistic BT
theory behind the pulling tests have already been seriously questioned elsewhere (e.g. [3-8]) and
that BT may not represent the structural failure of biological structures.

It is easier for researchers, who own or use such devices commercially and who also know how to
use them, to carry out experiments and publish research based on their devices.

Omitting the necessary description of how the trees were selected may have been an unconscious
mental procedure, but it sheds a shadow of doubt on their otherwise painstakingly-crafted and
complex paper.

A co-author of [42] cites his paper from 2017 [44] which publisher fitted the definition of predatory
as alleged by [45]. That paper [44] reveals that crown architecture was seemingly not taken into
account in the final results: “Trees were selected to cover a broad range of heights (h), widths
(diameter at breast height, DBH), and wood densities (pw).” And: “Note that these (...) do not
include the crown”. And: “Broadleaf trees have a more complex crown structure and their sway is
therefore characterized by a less dominant main axis. Additional data on the crown architecture of
the trees used in this study could therefore explain the differences...” (sic. [44]). These quotes,
published by several of the co-authors of [42] also seem to support the need for scrutiny of their
claim: height and diameters were consciously chosen (and thus influencing the measured stiffness
and sensibility to swinging). But, above all, crucial factors such as crown architecture and crown
weight seem to have been neglected in [44].

Co-authors of [42], Rust, Gocke and Detter [46] “validated” their commercial WLA software, based
on only four trees (n = 4, and still reporting differences up to 32% between predictions and
measured loads). This overrating of results based on a very small trial is questionable. But from
what shines through their under-explained Methods section is that at least nine trees were
investigated. So, why were the results of the other five trees left out?

Co-authors of [42] from forestry are e.g. Gardiner, Achim and Ruel who support a mechanistic
model named ForestGALES [33] which is simple beam theory and static WLA in which no
oscillations or dynamics are taken into account [34].

However several weighty contradictions were found too:

Gardiner and others stated in 2016: “The model by Virot et al. [1] is static. However, previous
comparisons between static models and experimental data have revealed that dynamic effects
linked to wind turbulence (wind gusts) cannot be neglected.” (sic. [32]). And yet, in 2021 the same



author wipes that suddenly off the table in [42]. Also in 2019, Jackson and co-authors of [47]
literally state: “The existence of this damping mechanism demonstrates the relationship between
wind damage risk and tree architecture: trees with certain architectures will dissipate dangerous
sway energy more efficiently and so reduce their risk of damage in storms.” (sic. [47]). And yet, in
2021 the same authors inexplicably swipe that under the carpet in [42]. Which is highly
incongruous.

Another co-author of [42] is Newson who appeared in Sagi et al. [48], and in which the GTC of
Wessolly, Brudi, etc., is cited. One tree on a tree farm was pulled over and the description suggests
that both the root system and stembase were mechanically undisturbed and sound (i.e. no structural
defects) before the experiment. Van Wassenaer and Detter also cooperated in [48]. Sagi et al. [48]
state: “The values (...) fall within the values reported in (...) Wessolly and Erb, 1998, Brudi and van
Wassenaer, 2001 (...)” and “The bending moment and shear force responses of the roots were
qualitatively the same as those found by other researchers” (sic. [48]). And: “Sinn and Wessolly
(1989) published a ‘generalized tipping curve’ using the data obtained from destructive winching
tests of 400 trees. (...) the method gives quantitative information on tree stability (...)." (sic. [48]). A
rigid surficial circular foundation from classical elasticity theory was said to be consistent with their
results and their “tipping curve” gives exactly 100% M., = 1° (Fig. 7 in [48]). Their tipping curve
was based on a formula published in 1965 and is oddly similar to the SIM curve from 2003 as
discovered herein and which differs greatly from the GTC they support. Another issue is that pulling
tests are generally used on urban, valuable and structurally-damaged trees for consultancy services.
Hence, perhaps speciments with damaged, severed and decayed root systems should be pulled over,
instead of sound and undisturbed ones from a “tree farm” or a forest, if they want to validate the PT
for damaged trees. The selection of trees influences the results. It has been shown that researchers
are more likely to report a product to be effective if they are funded by the sponsor that has
financial interest in that product [49].

Next, Jackson et al. [42] and some co-authors belittle the dynamic nature of tree motion and
oscillation in earlier papers:

The authors of [50] write: “This approach accounts for the dynamic nature of wind loading, but
does not explicitly account for the dynamic nature of tree motion”. (sic [50]).

And: “This means that a large, heavy crown substantially increases Rgrav” (sic. [50]). But, then
they say: “Our results demonstrate that (...) the effect of gravity is secondary..” (sic. [50]). And so,
they draw their conclusion from a wind speed of only 12 m/s... However, they also say: “The
gravity contribution increases with wind speed, since the tree deflection is higher and so the
overhanging weight of the crown causes a greater moment” (sic. [50]). Hence, can the former
statement (based on 12 m/s) then really be extrapolated for higher and destructive wind speeds?

Then they acknowledge: “We found that accounting for the mass of the tree crown substantially
reduced the maximum predicted height and increased the gravitational risk factor (...).” " (sic. [50]).
And then they state: “...we extrapolate beyond the range of wind speeds observed in our study (...).
This entails the assumption that the wind—tree relationship remains linear and cannot account for
the potential effects of streamlining (...) or dynamic amplification or damping of tree motion (...)
(sic. [50]). And: “...analysis did not explicitly include the complex drag forces (...) and therefore
likely underestimated the wind loading on the crown.”(sic. [50]). This suggests that they actively
excluded the dynamic nature of tree motion and oscillation from their research.

A methodological error could also have influenced the findings of [42]: Their pulling tests apply a
small load and measure the strain, which is then extrapolated linearly, based on Hooke's law (ut
tensio sic vis), to predict loading at a higher wind load. This is simple beam theory, governed by two
premises: that strain should be linearly proportional to stress and that the curvature of the beam



should be small enough (i.e. a quasi non-deformable stiff column). Nevertheless, slender and
flexible stems may exhibit a high curvature and large nonlinear deformations, whereby strain is thus
nonlinearly correlated to (wind) loads [3]. In the supplementary data of [42], very slender stems
were found, with height/diameter ratios as high as 177 (7.8/0.044m) (e.g. Guanica, Puerto Rico,
2007 Broadleaf forest, 9, Strain gauges 4). And it is not unreasonable to suppose that such slender
stems may exhibit a high curvature and deformation and, hence, strain that is non-linearly
correlated to high loads. Therefore, if strain was measured on tree 9 (Guanica, Puerto Rico) with a
pulling load that simulated a bending moment at e.g. 4 m/s, then linearly extrapolating the first
could result in underestimating strain, deformation and swinging at 32,5 m/s (hurricane force).
Hence, the proclamation of [42] which apparently belittles amplification mechanisms, swinging and
oscillation, may be, up to some degree, fallacious and based on methodological errors.

Another cited paper from one of the co-authors (Schindler, [51]) also reveals what looks like a
shortcut made to support their statement: “This paper deals with the dynamic responses of three
plantation-grown Scots pine trees to turbulent wind loading” based on “...hourly mean wind speeds
at canopy top below 4 m/s—1)...” (sic. [51]). And: “For the analyzed wind speed range it is shown
that most of the energy absorbed by the trees from the wind is dissipated by tree sway in the first
mode” (sic. [51]). Can the results obtained from a light breeze (4 m/s) really be extrapolated, and
beyond a reasonable measure, thereby neglecting the influence of mass, gravitation and acceleration
of tree crowns bent over in destructive winds?

And another cited paper from Schindler states the following (Schindler and Mohr [52]): “The
decreasing importance of the oscillatory components suggests that wind loading in the range of the
damped fundamental sway period of the trees is inefficient and insignificant for total tree movement
under non-destructive wind conditions. Consequently, there was no evidence of the occurrence of
resonance effects between wind and tree response. (sic. [52]). Here, the interesting phrase is:
“...under non-destructive wind conditions...”. And yet, such statements built on “...recorded on a
windy day” (sic. [52]) are catapulted towards the statement of [42], to support pulling tests and
wind load analysis software that purportedly predict the stability of trees under highly-destructive
wind conditions.

As has been stated, researchers are more likely to report a product to be effective if they are funded
by the sponsor that has financial interest in that product [49]. So, a balanced approach of this issue
seems to be justified.

Pulling tests and swinging

A video can be downloaded (Supplementary Material 3) that was recorded by the corresponding
author, from the window at the office of Brudi and Partner Treeconsult ([11]) in 2002. It shows how
a Norway spruce tree (P. abies) quite clearly swings in a storm, causing horizontal displacements,
even if side branches may damp part of the energy. Simple observation may contradict biased
research results (e.g. “dynamics are not important” or “trees are quasi-static™).

A word on Visual Tree Assessment

According to the drawings by Mattheck in [59], inner decay and bending stress would allegedly
lead to visually easily detectable folds and “macroscopic buckling symptoms” on the outside of
trunks, at root flares and the underside of branches. That suggestion was, as a business model at
least, brilliantly linked to his commercial Fractometer in several of that author's publications. That
Fractometer (marketed also by the author of [16,59]) was once a hugely popular device that
allegedly allowed for assessing the breaking safety of a tree by measuring the radial bending
strength of 5-mm-wide cores taken with an increment borer from the residual wall. Although



anyone with enough common sense could also have taken an extracted core, broken it radially by
hand at the junction of the annual growth rings and wondered: “Do trees really break this way?”.
Those devices have been successfully marketed, together with related workshops and books, based
on their axiom.

The authors of [16,59] also asserted that branches with included bark would push each other
outwards, leading to possible fracture. Logical reasoning was offered in [7] that shows that those
two ideas, when combined, appear to be self-invalidating. The evident contradiction was noticed by
the corresponding author in 2002, in a Spanish arboricultural congress, when prominent
businessmen tried to sell these two untenable suggestions, together with related commercial decay
detecting tools, in their workshops and lectures. The “compression fork™ and other fairytales refuse
to dissapear as they are still desperately clung on in Spain by treeclimbers, business people and
university professors alike.

And, as with their “axiom of uniform stress” their suggestion ‘“folds and macroscopic buckling
symptoms” 1s hard to prove empirically. One should thus wonder if such suggestions — that can
hardly be proven either right or wrong — should belong to the realm of real science.

Nevertheless, those folds can easily be observed in even sound e.g. Platanus x hispanica or Morus
nigra trees, and regardless of decay or “bending stresses”, as this is just a common feature of those
tree species. The corresponding author observed how those questionable criteria were applied to
hundreds of monumental plane trees in Aranjuez, Spain, in 2000 by an arboricultural consultant.
And as the latter's bank account grew bigger, the trees were made smaller. Many were either cut
down or had severe crown reductions, and all based on an untenable t/R rule, drilling, boring,
Fractometer and... wrinkles. These questionable drawings and criteria have been used recently in
court cases too (e.g. [60]). And yet, if one observes the annually pollarded plane trees (e.g. in an
umbrella shape to provide shade) in Southern European villages and cities, one could look at those
wrinkles and think: “Are these trees, with barely any crown or loads acting upon them, really under
that much mechanical stress?”. And then, common sense debunks famous, but erroneous, claims
and criteria that have been clung on for decades.

Also, their influential t/R=0.32 rule was recently scientifically refuted in [3] while it has been
attributed to falsification (Griiber in [3]). This, hence, could question the validity of their entire
Visual Tree Assessment methodology.

Irreproducible claims

Green [61] calculated critical wind speeds for breakage of Eucalyptus trees with the engineering
approach (“tree-statics”) citing Brudi ([12]) and James et al. ([43]). Eucalyptus tree N°5 is described
in her thesis as having a surface area of 51 m? (Table 3 in [61]) and then 16.5 m? (Table 5 in [61]),
which is confusing. However, I calculated the surface of tree N°5 (Figure 42b in [61]) with a special
software and got 33.59 m?. So, the three different vertical surface areas for the same tree made it
impossible to reproduce her results. And unfortunately too, Figure 42B in [61] was the only
silhouette available in the thesis that was identified with a tree number and that would have enabled
reproduction of her results. I sent an email with this observation to the Research Ethics and Integrity
team of the RMIT University of Australia. Green's supervisor replied that he had not been able to
contact her and that neither he nor the two examiners had spotted the errors in her thesis, wishing
me luck with my paper on Research Integrity. Hence, the main findings in Green's thesis are
irreproducible too, which seems to be quite common in the herein investigated publications.



A word on “My method works!”'..., or fallacious reasoning in arboriculture
Some people claim and publish that “their method works as the trees or palms that they have left
standing are still there”.

In an answer to my paper published by Scientific Reports [3], an arboricultural consultant wrote me
that his self-developed method would be “reliable” as the date palms that he had assessed (and left
standing) had already withstood winds up to 100 km/h, suggesting that unexpected failure
afterwards was non-existent and that his method was thus “reliable”.

Already in 1998 Wessolly suggested that their method was infallible: “Sie haben sich bisher in
mehreren europdischen Ldndern bei iiber 3000 Baumgutachten bewdhrt, ohne dass eine
Fehldiagnose bekannt ist.” (sic. [9], p. 169). And later, Wessolly and Erb ([10], p. 164) also
victoriously proclaimed that: “We have applied the safety factor 1.5 for 25 years for 10.000 trees
without any damage” and “We can even offer evidence: the trees recorded in the example of the
diagram have survived all hurricanes which occured in the meantime without any problems. Thus,
the measured values have proved themselves in practice”.

This is just a small sample of people who claim their methods to be reliable, but this statement can
be heard from arborists and tree consultants too.

But, can it be proven that the “perhaps unsafe” trees/palms that have been assessed and left standing
(with a crown reduction) or felled, would have broken/uprooted if those “reliable” methods had not
been used and the trees left untouched?

The answer is obviously “no”, because the assessed and referred to trees/palms, have either been
pruned, cabled or cut down entirely. Thus: the necessary evidence that could prove their methods
wrong or right has been eliminated. And so, such a statement has no value: it proves nothing and it
cannot be proven. An impossible solution would be to live in two different but parallel realities: in
the first the trees could be assessed with those methods and then cut down or the crown reduced,
and in the second the trees could be left untouched and one could record if they would fail during
storms, or not. In this way the (un)reliability of their methods could be proven by comparing the
outcome. And true, this option is clearly not possible... But, if a statement cannot be proven, then
that statement has no place in science and is thus simply conjecture or pseudoscience.

Hence, commonly-used statements such as these are a fallacy, produced by the human tendency to
“prove” something through bias, a priori desired results and fallacious and circular reasoning. By
no means is saying “my methods work because the trees are still there” any supporting evidence at
all. Moreover, these risk assessment procedures are strongly governed by bias. It is even not
unthinkable, that among e.g. 100 trees only the ones are chosen that would either fit the flawed
theories or that would give the desired final results (desired result: e.g. the exclamation “My method
works!”).

In short: this “positive self-validation” could simply be the result of fallacious and circular thinking
as a product of bias. First, visual assessment, bias and often dubious criteria are used to select the
specimens to be assessed with further inspection (e.g. drilling, tomography, pulling tests,...). Then,
their questionable methods come on stage which are often opposing and have been the scene of
acrimonious debates in the industry (e.g. Mattheck's V74 and drilling versus Wessolly, Brudi and
Detter's pulling tests: see [6] for an analysis on this subject). And afterwards, the assessed trees are
either cut down or recieve crown and branch reductions (often as much as 15-35% of the total
height is cut away) and cabling. And when a storm has passed by they claim then that “their method
works, as the trees that they have not condemned to felling are still standing”.

Several influential V74 ideas published in [16,17,59,63] are, even though apparently fallacious,



very smartly constructed, as they cannot be proven right or wrong in a conclusive manner (except
for their #/R rule as it was a numerical value). And so, in order to defend and “validate” their refuted
VTA-failure criteria in a scientific journal, Mattheck and Betghe state for instance: “We ask the
arborists to use their common sense and if concerned to go in the woodlands to check who is wrong
and who is right.” (sic. [63]). Which is suggestive of pseudoscience and fallacious reasoning to
“validate” a method that had already been refuted scientifically.

And, if two entirely different methods are used world-wide (e.g. pulling tests versus drilling and
VTA) and, yet, each related supporter claims that “their method works”, then there is something
wrong with that equation.

Either only one or none can be reliable, but not two methods whose premises, founders and
researchers have clashed ever since. And if we left current commercial tools and methods out of the
equation and just leave bias, visual assessment, cutting down, pruning and cabling, then the final
result might well be exactly the same: the same trees are left standing and the same actions
undertaken, but it wil be a lot cheaper. So, and starting from the premises that these tools and
methods may not be reliable and that the assessment is, either way, based on bias, one could wonder
if those questionable methods should then simply not be left out of the equation. The final outcome
would possibly be the same: either a 5-30% crown reduction and cabling plus periodical
assessments and maintenance or felling. Private clients and city councils would save a lot of money
and the trees would probably thrive as well or as badly, and face the same fate as before.

A short word on The Black Swan Theory

Pseudoscience would say: “We have never seen any black swans, so all swans are white”.

And real science says: “The observation of only one black swan refutes the hypothesis that all
swans would be white”. In other words: a theory has to be abandoned or modified if only one single
observation disagrees with the prediction of that theory. Examples could be: “I have never seen a
broken palm tree, so palms never break!” or “My method works, because I have never seen a failed
tree after I did my thing!”

Conclusion

The amount of papers supporting “quasi-static” WLA, PT, decay detecting tools and BT has become
baffling over the last decades, and related authors are very often directly related to corresponding
commercial tools and firms. This unbalanced prevalence may be due to research and publication
bias where everyone seems to follow a potentially unstable and flawed lead (e.g. the GTC, BT, VTA,
WLA).

Unfortunately, the historical path of the pulling tests is, since 1998 to now, seems to be strewn with
contradictory statements and even self-invalidating findings. Reproducible results and data
transparency regarding claims such as the GTC, VT4 or WLA are generally lacking, which makes
testing their asserted validity almost impossible. And up to some considerable degree and depending
on the case, symptoms were found that are suggestive non-rigorous research, methodological errors,
bias or misleading information.

Other examples suggest shortcuts, inappropriate extrapolations, feeble argumentations and
experiments unconsciously driven by an a priori desired result, leading to victorious proclamations
evolving around proclamations similar to: “oscillation and dynamics are not that important” and
“our mechanistic forestry models and commercial WLA and pulling tests are reliable”. Or “The
results obtained by the inclinometer sensor show that around 2.5 ° of inclination trees have the

vield strength. At this particular stress the failure of the root anchorage occurs. As argued by
Wessolly (1996), ...” (sic. [53]).



Giambastiani et al (2017, [53]) carried out pulling tests on trees that “...did not show significant
defects that could compromise stability” (sic. [53]). They modelled the root system as a root plate
area of a hemispherical shape. And they state: “In agreement with other authors (Wessolly, 1996),
at the 2.5° threshold the break of the soil-root system occurs, as the failure of the root anchorage”
and “For the model building, the force to tilt the root plate of 2.5° is used as the force needed to
overcome the root anchorage”. Then they conclude: “The results obtained by the inclinometer
sensor show that around 2.5 ° of inclination trees have the yield strength. At this particular stress
the failure of the root anchorage occurs. As argued by Wessolly (1996), ...” (sic.) and “The used
value (Low Load = 23% High Load) is comparable with the values of the "General Tipping Curve"”
of Wessolly.” (sic. [53]).

But, if the "General Tipping Curve of Wessolly” has proven herein to be very different from the
SIM pulling tests curve, and related authors suggest that 1° is needed instead of 2.5° then that
means that Giambastiani et al (2017, [53]) have also published very confusing and incongruous
information when “validating” the GTC.

And the forest tree pulled over in Sagi et al (2019, [48]) clearly has an ideal and modelable “..rigid
surficial circular foundation..” (sic [48]) and does not seem to be affected by decay or other defects
as commonly found in urban environments. Hence, extrapolating such results to urban trees and
their common mechanical defects, limited root space and decay, and thereby “validating” the
pulling tests is a questionable procedure.

Secrecy in research (i.e. not adducing equations, evidence or supporting data or obscure citational
practices and contradictory claims by the same group of authors related to the same method)
perpetuates misbehaviour and breeds mistrust [62].

Furthermore, alleged predatory journals as flagged by e.g. [45,64,65] can seemingly spread false
findings and perpetuate already refuted ones. For instance, a hilarious bogus paper was published in
an alleged predatory journal, proving that peer-review was non-existent [65]. Researchers should

beware of being perceived as examples of these quotes: “..ethically reprehensible academic
misconduct that ‘strikes at the heart of scientific research”, “...false or misleading information...”,
“..dilution and distortion of evidence...” and “...citation cartels” (sic. [45]). Publishing in

predatory journals could lead to establishing or sustaining risky or untenable claims.

Of late, a considerable number of authors supporting commercial tools have amply appeared in a
considerable number of articles and journals of dissimilar prestige. Unfortunately for those authors,
publishing in an alleged predatory journal could a priori cast a shadow of doubt on their claims,
their scientific credibility and robustness and their goal ("Is this science or marketing?"). A high
prevalence of articles was found, even in reputable journals, that perpetuate or support misleading,
questionable or incongruous information and that often revolve around the same clubs of authors
and editors and the commercial products that some market.

From 2013 onwards several authors have given examples of how trees had uprooted according to
the SIM curve (i.e. M. at 1°) without explicitely publishing the S/M formula (e.g. [13,18]). At the
same time, authors such as Buza, Giambastiani et al. and Rinn [40,41,53] show uprooting diagrams
or results that “validate” the GTC curve (i.e. M,.;;at 2.5°). And then, equations from as early as 1965
by comparatively unknown researchers are published in Sagi et al (2019, [48]) and, coincidentially,
also give the same result (i.e. M,;at 1°) as the SIM curve.

Anyhow, here is a fitting remark: Any crucial statement in a paper that relies on external sources of
information should use a citation (unless e.g. newly presented results). Citation of derivations of
original work (e.g. “validating” by citing an article that cites another article that cites..., until the



original source gets lost in the mists of time) should be avoided as this practice makes the
laundering of dubious claims easier.

Also a funny quote was found, “rule N°5”" from Murray [73], that may end this paper with a fitting
touch of humour: “In referring to the previous literature, be careful to cite only the papers that
make claims that would support your own, especially those that contain little evidence for the
claim, so that your paper shines in comparison” [73].
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