Pullin test for root stability evaluation
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Root stability evaluation is not an easy job ....
Available evaluation techniques are:
- Pulling test —inclino and
- Dynamic Root Evaluation, a new method!
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Pulling test setup

/ anchor
point

inclinometer



Pulling test setup

Force meter

Inclinometer

Force sensor and force display



Uprooting test

Inclination (degree)
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Above 2 degree inclination, uprooting force is not increasing. In a pulling test we
stop at 0,2 degree inclination.




Inclination (degree) Uprooting robinia tree
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Above 2 degree inclination, uprooting force is not increasing. In a pulling test we
stop at 0,2 degree inclination.




Pulling test is in progress in Hungary.



Evaluation by extrapolation

Generalized inclination curve:

o = 1/3 tan(p/73,85) +0,00005 p%- 0,0009 p
where: o inclination in degree

. 1 o) 1 —
p: force in % of maximum load = F . oiine



Uprooting safety factor (SF) determination by pulling test
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If SF > 1.5 the root system is safe
If SF < 1.0 the root system is dangerous
If 1.0 <SF < 1.5 gray zone _

SF =

M: moment (Nm)

F : force (N)

p : air density (kg/m3)
V : wind velocity (m/s)
A : crone area (m?)

c : drag factor (-)
Fiforaic - Critical
uprooting force (N)




Table 1. Stuttgart table of wood strength (Wessolly and Erb 1905).

Comparable

Modulus of  strength m Proposed

elasticity longitude  Elashc Asrodynamic
Speciss T ) (Pimm®) it %)  drag factor{c_
Abfes alba G300 1% 016 020
Acer prepdoplatanus E300 25 0% 025
Aeer reguids 600 20 036 025
ACEF campEsTre GO0g 255 043 025
Acer saccharinum G000 i 0.33 025
Acer sacorarum 2430 0 037 025
Aescrelus hippocasiamor 3250 14 026 035
Atfanthir alrssma G400 16 025 0.15
Berula pendials 050 b 031 0.12
Chamaseyparls lawsenia 7350 20 07 020
Cedvies deodors TES0 15 0.z0 0.20
Fapus sylvatiea E500 ey 026 025030
Afmur glutinosa &00a oo 025 0.25
Frazinus excelsior G250 26 042 020
Piceg abies 2000 21 023 020
Preas amarika G000 16 0ig 020
Carpinns bemius EBOO 16 018 0.25
Casfaned saitva Go0g 2% 042 025
Cereis siiiguastrum 0 1% — 020
Lariv decidua 5035 v 032 015
Liriadendron fulipifera 5000 17 0.34 0.25
Pimus pimasiar as010 18 | 020
Finus syivestris SE0 17 0ze 015
Platanis < hybod G250 i) 043 0.25
Papulus « comescans fuliRil X 033 0.2-0.2%
Fopuins magra Tralics” 6800 16 0.4 0.30
Fapuins mgra 6320 0 031 0.z
FPapuins alhn 6400 0 031 0.2z
Frewdotsugs menziesii 1000 0 0z 020
FYFILS CoMmmBiis 5800 17 0.ze 030
harcus rabur GI00 18 041 .25
hrercus rubra TI00 a b} 0.28 0.25
Robinia preudsacacia T050 i 0.28 0.15
Rabirie monophyla 2200 et 0is 0.15-0.20
Salix alba TT50 16 0.zl 0.20
Saltr elba *Trists’ Fo0nd 16 023 0.20
Seguetadendron gigannim4550 18 0.40 0.20
Sopkora japonica 6450 0 031 015
Sorbuz arig gl 14 0.7 0.25
Tilie ® hollandica 4300 17 ] 0.25
Tilia ewchiorm Toog 175 023 0.25
Tilia remwenrasa B350 o 0.z4 0.25-0.30
Tilta planphylios 5000 20 073 0.25
Tilia cordafa E300 i k] 0.z24 0.25

Uimars globra 700 o 033 0.25



Pulling test data collection software

Inclination

Raw inclination

Tare I

Pralfic USB40-Serial Comm Port {COM57)

Autoscan Set zelected

Raw force

Tare

Prolific USB4o0-Serial Comm Port {COMB7)

Autoscan Set selected

ﬂ Fakopp Pulling-test data collector

info

Raw dLength

Pralfic USB40-Serial Comm Port {COM57)

Autoscan Set selected

Open in viewer >

o]
~ Measurement setup — Recording
New I Start | Stop |
Name I
Rope height on tree {m) | ﬂ
Anchortree level difference m) [
Anchorree distance (m) I—
Drag factor I—
Wind speed (m/s) |—
Crown area (m”2) I—
Crown center height (m) |—
 Recording setup
Inclination aler limit (deg) W
Force alert limit {kg) [i700 |
Save directory Change |
C:\UsersUser\Documents wntitled pul
[~




Pulling test evaluation software

Fakopp Pulling-test Viewer - E:\Business | Pullingtest|SanMicheledeAdige.pul

Cpen Save

— Measuremert

Mame ISan Michele Al'adige
Rope height an tree (m)
Anchorree level difference (m)
Anchor4ree distance {m)

Drag factor

Wind speed m.s)

Crown Area (m™2)

Crown center height {m)

Blastic Limit (%)

Alpha (=030

F_max (N}= 37691,00
M_maz (Nm) = 252405 97
M_wind (Nm) = 130620,00

SF = 1,93

025

0,20

0,15

bk EENENE

Inclination *

0,10

0,05

— Fitters
¥ Tare force at first value
v Monataonicity for force

¥ Monotonicity for inclination

0,00 =t

g
Force KN

10 12 14 16

Tree root stability is OK!




Fakopp Zugversuch Betrachter - G:\Germany2014_Pulling\untitled15.pul

Offnen | Speichem |

Letzte |

Graph speichem

— Messung

Mame: IBaum 2

Seil Hohe am Baum {m)
Anker-Baum Hohenunterschied {m)
Anlkcer-Baum Distanz (m)
Widerstandshkoeffizient
Windgeschwindighkeit {m.s)

Krone Oberflache

Krone Zentral Hohe

5,56
0,00

GRAAN

E
=

a

Inklination *

Resulte
Alpha (%)= 046
F_max (N}= 68505.15
M_mzc (Mm) = 340554 55
M_wind (Nm) = 108201 .60
SF=315

— Filter
¥ Tara Kraft bei erste Messpunkdt

¥ Monotonie fir Kraft

¥ Monotonie fiir Neigung

0.25

0,20

0,15

0,10

0,05

0,00

15
Kraft kN

=10l x|

— Datei
24466N 8,211° <~
24338N a,21a8"
24299N a,2a4"
24241N @,282"
24142N @,281"
24885N @,198"




Error sources

Typical error | Typical value Relative error (%)

Fuprooting |5 kN 100 kN
Rope angle (o) 0 30
Beable 0,2 m 10 m
Crone area (A) 5 (m?) 100 (m?) 5
Air density (p) 0,05 kg/m? 1,25 kg/m?3 4
Crone center | m |0 |0
height
Wind velocity (v) 2? 34 m/s -

Errors are given in ,,16” or 67% confidence level
The relative error of SF using the error propagation formula is 19,2% .

Increasing the confidence level to ,,26” or 95% the relative error of SF is 38,4%




Other influencing factors:



Effect soil moisture contetnt
reparation around oak tree




Effect of soil moisture contetnt
— 300mm rain is simulated




Effect of soil moisture contetnt
uprooting by bulling




Effect of soil moisture contetnt
uprooting by bulling




Oak pulling curve

Pulling Test - C:\Users\\Divos\Documents\eontdlgy dontes.pit™ - IEI |£|
File  Help
Kommunikacid s =iz s .
Gydker értékelés | »
Erd Délés 35 : v . . | L | | | | - |
- - F | i1 |Li2 | =]

)
Ve,

Kotés magassiga (m) 15100 23 01
[o.10 15160 248 011
Régz ftés magassaga {m) 15210 249 012
[o50 15250 249 012
Rogzités tavolsaga {m) ce 15280 -245 012
e | & 15310 249 012
H-=1 - 4

Ellendlidsi téryezs = 15320 256 412
s |® 15330 256 012

= ] 15350 263 012
Szélsebesseg {m/s) 15380 263 012
|33-DD 15430 263 D12
Korona teriilet (m2) 15450 263 012

15470 263 012
18510 -279 012
15530 -2.81 012
15540 -2.81 012
15570 -2.96 013
15600 -2.96 013
18620 -2.36 012
15630 -2.96 013

I4D.DD

Korona kézépmagassag (m)

|12.DI}|

Alpha {rad) = 0,53
F_maxc (N) = 15650,00

M_miax (Nm) = 12292399
M wind (Nm) = 78408,00

SF =157

Ll

Tolgyfa dontése. A dontés soran felvett maximalis er6: 15.7 kN



Effect of soil moisture contetnt
uprooting a poplar tree by pulling




Poplar pulling curve

Pulling Test - C:\Users\Divos\Documents\oslinyarazt3.pit™* - |EI |5|
Eile Help
Kommurikzcid Gydker értékelés | =] | | | | | %
Erd Délés 3.0 . . . i =
- - : F it |i2 | -
40 0.06 0.81
20 0.06 0.8 e
&) 14D -0.06 0.8

160 0,06 0,81
200 -0.06 -0.81
240 -0.06 -0.81
280 -0.06 -0.81
330 -0.06 -0.81

Kités magassdga (m)
6.72

Rogz itéz magassaga (m)

ID.DI}

Réagzités tivolsaga (m) 5 360 -0.06 .81
17.00 2 410 006 081
ceie x 2 440 006 081
= g "

ﬁi’;ﬂ"as"& i 80 006 081
- - 510 006 081
Szélzebesség (m/s) 540 0,06 0,81
|33-DD 560 008 021
Korona teriilet (m2) 580 o060

590 -0.06 -0.81

600 -0.06 -0.81

610 -0.06 0.8

620 -0.06 0.8

630 0,06 08

640 -0.06 0.8

650 -0.06 0.8

660 -0.06 0.8 LI

IZE.I}I}

Korona kozépmagassag {m)

|12.DD

Alpha (f=d) = 0,38

F_max (N} = 18900.00
M_max (Nm) = 118114,66
M_wind {Nm) = 54885 60

SF=215

Olasz nyar. A 3.ontozést kovette a fa kidontése. A felvett maximalis erd: 18,9 kN.



Effect of soil moisture content

e Result:

| |oak __[Poplar

Initial condition  Extrapolated 16,3 kN 19,0 kN
uprooting force

|00 mm rain Extrapolated 15,0 kN 15,4 kN
uprooting force

200 mm rain Extrapolated 14,8 kN 14,9 kN
uprooting force

300 mm rain Real uprooting 15,7 kN 18,9 kN
force

 Conclusion: soil moisture content has minor
effect on stability



Wind channel !!!




Taking into account the additional
error sources, the tree roots are in
good conditions if SF is higher than
1,5!

50% relative error covers all the
error sources.
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