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Our UK partner is
Tree Diagnostics Ltd.

Diagnostic tools sales and training.
Advanced Training for level 3
assessments and Consultancy services.




FAKOPP Enterprise

Forestry and Forest Products Research

Main activities

v Nondestructive testing
v/ Acoustic and electronic methods @ =
v Acoustic sensor development k
v Equipment development

v" Algorithm development

v’ Trainings




FAKOPP Enterprise

Forestry and Forest Products Research

Field of applications

v Urban tree diagnostics

v Lumber strength grading
v' Evaluation of wooden structures

v Wood selection for musical instruments




Our mission is to support arborists
Withinstruments for tree diagnostics.
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Tomography

Quick result within 15 -20 minutes



Tomography
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%, Platanus * - ArborSonic 3D 5.2.115
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= = £ =] Tree SensorGeometry TimeData Tomograms Biomechanics Image Container Report

Layers and elements Color scheme Rotzzion
5 Detailed v
Multilayer model e

210 cm
150 cm
100 cm
50 cm
10 cm

together multiple 2D scan’s. This enables the location of decay and
higher quality wood to be represented.



Willow bio ® - ArborSonsc 3D 5.2.115

|~ B Tree  SensorGeomelry Time Data  Tomograms  Biomechanics  Image Container  Report

(#) Get crown area from an image T i Image Edtor  Laer Map

P em

Destance from trunk bottom fo...
XY 10D S8 m

< T o CEnfre 3i m

Tree trunk
Degree of lean B #
Dwrecton of kean

[y B |
Safety Factor: 79 %
High risk

The software provides stability information, helping understand the
Biomechanics and a likely response to loading provides a Safety Factor.




Willow bio * - ArborSonsc 3D 5.2.115
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S 8 Tree SensorGeomelry TimeData Tomograms Biomechanics Image Container  Report

~

(®) Get crown area from an mage L) Image EAtor  Layer Map
L? Image Contaner

Distance from trunk bottom to... o =R R
< TOWN t0p S85- - m
+ TOWN Centre m
Tree trunk

Degree of lean 835 »

Drection of lean 01 @

Wind

Wind velooty

Wind load

Drag factor

Yisld strength

Layers

Layer name Height Decay... Safety... Rskr.,,
Layer #1 %om 9% 79 % Hghrisk

Details of the selected layer

Safety factor 2%

Rk ratng Migh risk
Decayed area 9%

A TR A"

Safety Factor: 79 %
High risk

Dimensional details can be drawn directly onto a scaled photograph to
provide an estimation of canopy volume, informing wind load & SF.




Willow bio * - ArborSonec 3D 5.2.115
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Tree trunk
Degree of lean
Drrection of lean
Wind

Wind veooty
Wind load

Drag factor
Yield strength
Layers

Layer name Heioht Decay... Safety... Rskr...
Layer =1 &5am 9% 166 % Lowrisk

Details of the selected layer

Safety factor 166 %
Rusk ratng Low risk
Decayed area 59 %
Avg. TR 0.23

Safety Factor: 166 %
Low risk

Where trees are found, canopy dimensions can be virtually pruned to
show a canopy volume which generates an acceptable :




Simplified Safety Factor calculation
SF = Ocompression strength otree _ Ocompression strength otree
mg 16¢cpVZ?Ah..D
Atrunik w(D* — d*)

Owind+weight

Oiee . COMpression strength of the given species wood material (Pa)
Owind+weight - Mechanical stress made by the wind and self weight Pa)
m : mass of the tree (kg)

g : gravitation acceleration9,81 m/s?

p : air density (kg/m?3)

D : Tree trunk diameter d: diameter of central positioned hole (m)
V : max. wind speed at 10m height

h..: crown central height

A : Crown area

A ... . Cross-section area of the tree trunk (m?)

c: aerodynamic drug factor (-)

Tree is standing alone and not leaning, calculation at ground level.




les

b

Extra poss




Extra possibilities




Carbon fiber calipers for quick
recognition of irregular geometry
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Electronic
Impedance
tomography




Electronic Impedance Tomography

& From geophysics

& Currents and Voltages
& Sensitive for ion concentrates
& Sensitive for fungal activity
& 32 channels




Electronic Impedance Tomography
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& Bluetooth connection

& Measurement control
and evaluation

& Circular, elliptic and
irregular geometries

& Caliper is integrated

EIT Software

4 Fakopp ArborElectro v1.0.3 - unnamed

i Color scheme: rainbow

Mouse over: NaN

Sensor layout | Measurement | Evaluation

Sensor count
16

Sensor layout shape
circle 4
Show distances...

Parameters valid: True

Circumference (in centimeters)
1.0

Penetration depth (in centimeters)
0.0

Bark thickness (in centimeters)
0.0

Status: Caliper Offline

v | Auto scale Set scale...

O

Wireframe  _




Intact spruce

Attacked spruce




Attacked spruce
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We have developed a new method (3 years old) and achieved
more realistic dynamic testing based on the conventional

pulling test by changing the static pulling device to the realistic
wind load.

ke
anemometer

extensometers

>




The wind load is dynamic load

(y/wy) Ayidojan puipn




Pulling test Dynamic test
rope and force meter anemometer




Idea:
- instead of pulling by rope we are using wind
- instead of force we are using wind pressure: p,.4

pwind = p/z Vz
- where: p is air density, V is wind gust velocity

Consequence

-in normal wind condition wind velocity is relatively low, therefore
high sensitivity sensors are necessary: resolution is 0,001 degree.

(If the 56m tall leaning tower in Pisa would suffer a change the
inclination by 0,001 degree, horizontal movement of the top would
be only 1 mm.)

- high sensitivity extensometer sensors are also necessary: our
resolution is 0,5 micrometer!

wind velocity (km/h) 10 20 40 60 90 120

wind pressure (Pa) 5 19 74 167 375 667
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DynaRoot - setup anemometer

"\ =)
inclin ometer




Root Collar
Inclination Sensor

Technical data:

*Dual axes inclinometer

*Measuring range +/- 2 degree

*Resolution: 0,001 degree

*Temperature compensated

*Sampling rate is 10 Hz

*Integrated GPS

*Data stored on 8 GB SD card

*File name is the exact date and time,
provided by GPS

*Fixed by a single screw

*Operating voltage: 12V, current: 20 mA
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Inclination (degree)
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Dynamic tests

Real wind
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-, The DynaRoot evaluation software
™ <

Fakopp

= Menu | FAKOPP WIND PRESSURE 0.6.78 - 0 X

Data
DynaRoot
8 Tree @ Inclinometer
Location Folder
OPTIONS.. x Kosice, Kassa, Slwakzia|

Dakassahdolesl

Language

e . L .
= Anemometer l~/ Evaluation

English (United States)

Device Max. wind speed (kilometers per hour)

Max. merge error (milliseconds}
1000 4 =—| ?

Mechanical anemometer : 120 +— ?

File

DiKassa

—J
‘wind_d2016_05_24 17_41 10.csv

Statistical window size (minutes)
1|::| + — ?
UTC offset (hours:minutes)

00:00
SHOW LOG FILES..




= Menu | FAKOPP DYNARQOT 0.9.25
J <) Evaluation < Evaluation
= B Tree @ Inclinometer $ Tree @ Inclinometer
Location GPS Location GPS
E : Show in browser.... : Kosice, Kassa, Slovakia Show in browser... ?
= == i oD ;
= L = Anemometer =% Combined data =2 Anemometer ==, Combined data
akopp — |
=T Average direction Measurement start Average direction Measurement start
DWdF..ﬂﬂt 210° ? | 2016.11.18. 2228 = 2  |20160524. 1741
Measurement duration (hours:minutes) Measurement duration (hours:minutes)
10:52 17:05
Statistical window length (minutes) Statistical window length (minutes)
> 10
lz Chart
0,04
Measurements s |
—— Estimation b
E .
= 1 Measurements
§0,02 N —— Estimation
2 ]
M : ]
- Y LA S B S S S B A R B B B B BN R S
0 10 20 30 40 50
Wind pressure (Pascal) Wind pressure (Pascal)
Critical wind pressure (Pascal) Ref. wind speed (kilometers per hour) Critical wind pressure (Pascal) Crit. wind pressure error
644 + 90 120 2434 352
Correlation coefficient Correlation coefficient
0.9225 0.8562
L safety factor L Safetyfactor
" w
L :
oy ]
] [
0.83 5 3.65 ,,
. [~
high risk £ i g3
g 35 low risk 7 E




Dynamic safety factor determination

M crit

. Pcrit

M wind J ' pwind

The beauty of the dynamic test is, that crown area, drag
factor and crown central height are not necessary in the

evaluation as the measurement was done in the real given
conditions.



Procedure of Dynamic Tree Evaluation technique
0.) selecting a day when wind gust velocity is higher than 25 km/h.

1.) installation of anemometer on the top of 10m tall pole or
receiving wind data of the area (maximum 1 -5 km distance
between tree and anemometer. Sampling rate is 1 sample/sec or
faster. Starting data capture.

2.) installation of inclination recorders and extensometers on tree
trunk. Starting data capture.

3.) Collecting data for 1-3 hours, then copying data from recorders
to PC for evaluation.
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Root Detector

Ground

Receiver




Root Detector

(f?_ Fakopp Root Detector v2.0 (7031)

File

Port

Store

Delete selected
time

v_min [m/s]
1000

v_max [m/s]

2000

base ang [deg] N angle [deg]
0 =+ |0 = x

-
-

v [m/s]

954 45
1182.80
1254,75
1390,94
240656
1700.48
1603,89
452,21
388,69
530,76
1218,16
1121,02
498,68
11973,09

Delete selected
row

[0 (0 01 00 0 W W I O W W G W
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Pulling test setup ,inclino”

anchor
point

inclinometer




Uprooting test

Inclination (degree)
4 "

Above 2 degrees
T of inclination,
uprooting force is
not increasing.

Pulling test region Feritical

15
Force (kN)




i
Open | Save | Recent | Export plot |

Measurement _ .
, San Michele Al'adige

Rope height on tree (m)
Anchortree level difference (m)
Anchortree distance (m)

Drag factor

Wind speed |m.s)

Crown Area m™2)
‘ Crown center height (m)
-~ Blastic Limit { %)

> - A -} Aipha (= 0,30
- F_max (M}= 376591,00

. " ’ M_max (Nm) = 252405, 97
5 »
. '

Inclination *°

L M_wind (Nm) = 130680.00
- e SF = 1,93

Inclination sensor Fters
¥ Tare force at first value )
v Monotonicity for force 0.00 += N . 6

[V Monotonicity for inclination

Force sensor and force display



Fakopp Zugversuch Betrachter - G:\Germany2014_Pulling yuntitled15.pul
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Alpha (%)= 0.46
F_max (M}= 6850519
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M_wind (MNm} = 108201,60
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Filter
I+ Tara Kraft bei erste Messpunkt
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[+ Monotonie fir Neigung Kraft kM

An example
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Combined
Pulling and
dynamic test



Combined pulling-
dynamic system
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Comparison

Pulling test Dynamic root
evaluation

Anchor point necessary no

Tools Ropes and pulling device, Anemometer
force meter

Load Static Realistic
Time of the test 1 -3 hours / tree 3 hours / 10 trees

Cronw area, nesessary no
drag factor

Weather condition Wind speed < 25 km/h Wind speed > 25 km/h

Result Safety factor Safety factor
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Microsecond Timer
ArborSonic 3D
ArborElectro
Pulling Test , elasto”
DynaTrunk

DynaRoot
Pulling Test ,,inclino”
Root Detector

v' Fast

v’ Stabile

v Well packed

v Optimal in winds

v Simple
v’ Supports Bluetooth



Support

Skype trainings
Remote desktop assistance
E-mail: office@fakopp.com






