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Strength loss or safety factors? Some basic principles 
that ought to define tree hazard assessment 

Treework Environmental Practice 



 Bending / Overturning Moment 

 Safety Factors and Strength Loss 

 Section Modulus 



Crown Size and Shape 

Tree	  Height	  

SAIL	  AREA	  

LEVER	  ARM	  

Wind	  Speed	  

MOMENT	  

Mattheck and Breloer (1994) The Body Language of Trees 

Load – Sail Area and Moment 

WIND	  PRESSURE	  





Moments 

10m 

9 kN Moment  = 9kN x 10m  

Total Moment = 90kNm 
  



Moments 

Moment  = 1kN x 11m  

11m 

1 kN 

1 kN 
1 kN 

Total Moment = 33kNm 
  



Moments 

Moment  = 33kNm 
 

Moment  = 30kNm 
 

Moment  = 27kNm 

11m 

1 kN 

1 kN 

10m 

1 kN 

9m 
Total Moment = 90kNm 

  



Crown Reduction 

Design Wind Load = 413kNm 
Basic Safety Factor = 5  



Crown Reduction 

Design Wind Load = 372kNm 
Basic Safety Factor = 5.6  



Crown Reduction 

Design Wind Load = 328kNm 
Basic Safety Factor = 6.3 



Crown Reduction 

Design Wind Load = 276kNm 
Basic Safety Factor = 7.5  



Crown Reduction 

Crown Height 
Crown Area 
Design Wind Load 
Basic Safety Factor  

-14% 
-24% 
-33% 
+50%  



Wind Speed and Wind Profile 

Davenport (1967) 



Load Centre 

Higher wind speeds 

Greater wind pressure 

Longer lever 

Larger moment 





Tree Dynamic Loads 

James (2008) Tree Stability and Wind Storms in Urban Parks 



Safety Factors 

1 ton WLL 20 ton WLL 

1 ton load 

80% damaged 

1 ton load 

Safety Factor = 1 Safety Factor = 4 



Beech – Meripilus giganteus 



Beech – Meripilus giganteus 



Lucombe oak 

Quercus x hispanica ‘Lucombeana’  

  Hybrid between 
Quercus cerris (Turkey oak) 
Quercus suber (Cork oak)   

Hybrid originated in 1765 
This tree up to 187 years old 
One of the first planted in the UK 
 
  Local civic society described the 
tree with: 
“a magnificent and irreplaceable 
component of the town’s landscape” 
 
  

Poulton (2008) 



Poulton (2008) 



Phillips (2008) 



Phillips (2008) 



Phillips (2008) 





Lucombe oak 

  

Phillips (2008) 

  





Lucombe oak 



Lucombe oak 

SE Load 1 

  
SE Load 2 

  
SE Load 3 

  
NE Load 4 

  
NE Load 5 

  
NE Load 6 

  

Safety factor between 4.6 and 5.3 

  



Lucombe oak 





Van Wassenaer (2009) 



Morphological Life Stages of the Tree 



Semi-mature Early mature Fully mature Late mature Ancient 





Mattheck and Breloer (1994) The Body Language of Trees 

Stem Form – Section Modulus 



Stem Form – Section Modulus 

Compression 

Tension 

Neutral	  Axis 	   	   	  λ1	  =	  	  y	  dA	  /	  	  dA	  	  Second	  Moment	  of	  Area 	  I	  =	  	  (y	  -‐	  λ1)2	  dA	  SecLon	  Modulus	   	   	  Z	  =	  I	  /	  Max	  (λ1	  ,	  λ2)	  

λ1	  

N	  N

y	  

dA	  
λ2	  

Section Modulus (Z) represents the geometrical load bearing capacity 
for a cross section in bending – assuming uniform material properties  



Stem Form – Section Modulus 

N N 

Stiffer and Stronger 
Growth Patterns 

Greater Section Modulus 



Stem Form – Section Modulus 

Section Modulus  Z = (π	  /	  32)	  d3 

Cross Section Area  A = (π/2)	  d2 



Stem Diameter Cross-sectional Area Section Modulus 

50cm 1,963cm2 12,226cm3 

Stem Diameter Cross-sectional Area Section Modulus 

50cm 1,963cm2 12,226cm3 

100cm 7,850cm2 98,125cm3 

Stem Diameter Cross-sectional Area Section Modulus 

50cm 1,963cm2 12,226cm3 

100cm 7,850cm2 98,125cm3 

200cm 31,400cm2 785,000cm3 

Stem Diameter Cross-sectional Area Section Modulus 

50cm 1,963cm2 12,226cm3 

100cm 7,850cm2 98,125cm3 

200cm 31,400cm2 785,000cm3 

Factor 2 Factor 4 Factor 8 

Stem Form – Section Modulus 



Stem Form – Section Modulus 
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Stem Form – Section Modulus 



Stem Form – Section Modulus 

There is an increasing mechanical advantage derived from an increase in 
stem diameter 

Trees with larger stem diameters can carry proportionally greater loads 

Trees with larger stem diameters have greater safety factors for a given wind 
load 

Trees with larger stem diameters can afford more decay and thinner residual 
walls for a given wind load 



Stem Form – Section Modulus 

A = 1,000 cm2 

d = 50 cm d = 100 cm 

t = 7.5 cm 

t = 15 cm 

A = 4,000 cm2 

Z = 9,325 cm3 Z = 74,600 cm3 



Stem Form – Section Modulus 

A = 2,560 cm2 

d = 80 cm d = 100 cm 

t = 12 cm 

t = 15 cm 

A = 4,000 cm2 

Z = 38,200 cm3 Z = 74,600 cm3 



Stem Form – Section Modulus 

A = 2,560 cm2 

d = 80 cm d = 100 cm 

t = 12 cm 

t = 5.8 cm 

A = 1,716 cm2 

Z = 38,200 cm3 Z = 38,200 cm3 



The Triangle of Statics 





t/R – A Useful Failure Criteria? 

R 

t 
t/R = 0.3 

70% Hollow 



Species 
Crown Height 
Crown Spread 
Wind Speed 
Stem Ø 
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