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Presentation is restricted for root stability evaluation 



Root stability evaluation is not an easy job …. 
 Available evaluation techniques are: 
  - Pulling test – inclino and 
  - Dynamic Root Evaluation, a new method! 



Pulling test setup 



Inclination sensor 

Force sensor and force display 



Force (N) 

Inclination (degree) 

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

Uprooting test 



Force (N) 

Inclination (degree) 

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

Uprooting robinia tree 

Fuprooting 



Pulling test is in progress in Hungary. 



Generalized inclination curve: 
 
 = 1/3 tan(p/73,85) +0,00005 p2- 0,0009 p 
where:     : inclination in degree 
   p: force in % of maximum load = Fuprooting 

Evaluation by extrapolation 



Uprooting safety factor (SF) determination by pulling test 

 

 

 

 

 

 

  

 

 

 

h korona_közép 

   h kötél 

 
 
 
 
  
 
 
 
 
 
     dőlésmérő 

M: moment (Nm) 
F : force (N) 
r : air density (kg/m3) 
V : wind velocity (m/s) 
A : crone area (m2) 
c : drag factor (-) 
Fkifordít : critical 
uprooting force (N) 

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 



 

 



Pulling test data collection software 



Tree root stability is OK! 

Pulling test evaluation software 





Error sources 

Errors are given in „1s” or 67% confidence level 

The relative error of SF using the error propagation formula is 19,2% . 

 

Increasing the confidence level to „2s” or 95% the relative error of SF is 38,4% 

Quantity Typical error Typical value Relative error (%) 

Fuprooting 15 kN 100 kN 15 

Rope angle () 0 30 0 

hcable 0,2 m 10 m 2 

Crone area (A) 5 (m2) 100 (m2) 5 

Air density (r) 0,05 kg/m3 1,25 kg/m3 4 

Crone center 

height  

1 m 10 10 

Wind velocity (v) ??? 34 m/s - 



Other influencing factors: 



Effect soil moisture contetnt      – 
preparation 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 

Tölgyfa döntése. A döntés során felvett maximális erő: 15.7 kN 



Effect of soil moisture contetnt 
uprooting a poplar tree by pulling 



Poplar pulling curve 

Olasz nyár.  A 3. öntözést követte a fa kidöntése. A felvett maximális erő: 18,9 kN. 



Effect of soil moisture content 

• Result: 

 

 

 

 

 

 

• Conclusion: soil moisture content has minor 
effect on stability 

 

Extrapolált és mért döntési erők kN-ban 

Extrapolated uprooting force 

Oak Poplar 

Initial condition Extrapolated 

uprooting force 

16,3 kN 19,0 kN 

100 mm rain Extrapolated 

uprooting force 

15,0 kN 15,4 kN 

200 mm rain Extrapolated 

uprooting force 

14,8 kN 14,9 kN 

300 mm rain Real uprooting 

force 

15,7 kN 18,9 kN 



 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. 
 



The new setup with central unit. 
Benefit is: only  one instrument is connected to PC. 
Working with 2 inclinometers and 2 elastometers. 



Grazie per l'attenzione!  


