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Safety Factors versus Strength Loss 

•   The Static Load Test 

•   The Triangle of Statics 

•   Safety Factors 

•   Section Modulus 

•   Case Studies 
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LOAD DIRECTION 



200mm 

Maximum 2000 µm (2mm) 

Accuracy  1.0 µm (1/1000mm) 
Resolution 0.1 µm 
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Tension 

σMax = Yield Strength 

εL = Elastic Limit 

Compression 

Young’s Modulus 

E = Stress / Strain 

Stress-Strain Curve 

Primary Failure 
Secondary Failure 



Maximum 0.25° 

Accuracy  0.002° (1/500°) 
Resolution 0.002° (1/500°) 



Accuracy  0.2kN (200N) 
Resolution 0.1kN (100N) 
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CONSEQUENCE LIKELIHOOD 

Quantified Tree Risk Assessment (Ellison, 2005) 
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CONSEQUENCE LIKELIHOOD 

Quantified Tree Risk Assessment (Ellison, 2005) 





Safety Factor  

Polypropelene Rope  
Ø 22mm 

Steel Cable 
Ø 16mm 

Dyneema Rope 
Ø 14mm 
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Ø 14mm - MBS 200kN 
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Safety Factor  

Polypropelene Rope  
Ø 22mm - MBS 50kN 

Steel Cable 
Ø 16mm - MBS 150kN 

Dyneema Rope 
Ø 14mm - MBS 200kN 

10kN 50kN 50kN 

SF = 5 SF = 3 SF = 4 



Safety Factor  

Polypropelene Rope  
Ø 22mm - MBS 50kN 

Steel Cable 
Ø 16mm - MBS 150kN 

Dyneema Rope 
Ø 14mm - MBS 200kN 

50kN 50kN 50kN 

SF = 1 SF = 3 SF = 4 



Safety Factor  

Polypropelene Rope  
Ø 22mm - MBS 50kN 

50kN 50kN 50kN 

50% SL 50% SL 

Steel Cable 
Ø 16mm - MBS 150kN 

Dyneema Rope 
Ø 14mm - MBS 200kN 



Safety Factor  

Polypropelene Rope  
Ø 22mm - MBS 50kN 

Steel Cable 
Ø 16mm - MBS 75kN 

Dyneema Rope 
Ø 14mm - MBS 100kN 

50kN 50kN 50kN 

50% SL 50% SL 



Safety Factor  

Polypropelene Rope  
Ø 22mm - MBS 50kN 

Steel Cable 
Ø 16mm - MBS 75kN 

Dyneema Rope 
Ø 14mm - MBS 100kN 

50kN 50kN 50kN 

SF = 1 SF = 1.5 SF = 2 

50% SL 50% SL 
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Safety Factor < 1.0 

Safety Factor > 1.5 

Safety Factor > 1.0-1.5 

Safety Factor For Stem Fracture  



Safety Factors For Trees – Early Mature 

Height = 17m 
Stem Diameter = 60cm 
Safety Factor = 2 



Safety Factors For Trees - Mature 

Height = 19m 
Stem Diameter = 90cm 
Safety Factor = 6 



Safety Factors For Trees – Late Mature 

Height = 22m 
Stem Diameter = 110cm 
Safety Factor = 7 



Safety Factors For Trees – Late Mature 

Height = 20m 
Stem Diameter = 120cm 
Safety Factor = 10 





Semi-Mature 



Early Mature 



Mature 
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Mature 



Late Mature 



Ancient 







Mattheck and Breloer (1994) The Body Language of Trees 

Section Modulus 
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Tension λ1	  
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Section Modulus 

Neutral	  Axis 	   	   	  λ1	  =	  	  y	  dA	  /	  	  dA	  	  
Second	  Moment	  of	  Area 	  I	  =	  	  (y	  -‐	  λ1)2	  dA	  

SecHon	  Modulus	   	   	  Z	  =	  I	  /	  Max	  (λ1	  ,	  λ2)	  
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Section Modulus 
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Section Modulus 



Section Modulus 



Section Modulus  Z = (π	  /	  32)	  d3 

Cross Section Area  A = (π/2)	  d2 

Section Modulus 



Stem Diameter Cross-sectional Area Section Modulus 

50cm 1,963cm2 12,226cm3 

Section Modulus 
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Stem Diameter Cross-sectional Area Section Modulus 
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Stem Diameter Cross-sectional Area Section Modulus 
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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 

Section Modulus 



Veteran trees are flexible and hollow and safe...  



...but strength increases with stiffness! 



Z = 74,600 cm3 Z = 74,600 cm3 

A = 4,072 cm2 

d = 72 cm d = 100 cm 

t = 15 cm 

A = 4,000 cm2 

Z =  36,644cm3 

Section Modulus 



A = 7,854 cm2 A = 7,854 cm2 

Z =  98,175cm3 Z =  98,175cm3 

d = 100 cm d = 100 cm 

t = 15 cm 

A = 4,000 cm2 

Z = 74,600 cm3 

Section Modulus 



Z = 74,600 cm3 

A = 4,000 cm2 

Z = 74,600 cm3 

A = 4,000 cm2 A = 1,000 cm2 

d = 50 cm d = 100 cm 

t = 7.5 cm 

t = 15 cm 

Z = 9,325 cm3 

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 

Section Modulus 



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

A = 2,560 cm2 

d = 80 cm d = 100 cm 

t = 12 cm 

t = 5.8 cm 

A = 1,716 cm2 

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 

Section Modulus 
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Rate	  of	  Loss	  of	  Sec/on	  Area	  and	  Sec/on	  Modulus	  with	  Increased	  Hollowing	  
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t/R = 0.3 

70% Hollow 

t/R =0.3 - A Useful Failure Criteria? 





  

Poulton (2008) 
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Phillips (2008) 



Phillips (2008) 



Phillips (2008) 



















































































S-SE 





S-SE 



Safety Factors versus Strength Loss 

•   Triangle of Statics - Load, Form and Material Properties 

•   We should estimate likelihood of failure not the extent of a defect 

•   Safety Factor and the role of load and absolute stem diameter 

•   Physiological condition 

•   Strength loss is relevant in relation to rate of change 

•   Precautionary crown reductions are generally unnecessary/inappropriate 

•   A t/R of 0.3 is not appropriate as a failure criteria 

•   Engineering terminology and concepts 






