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SMALL cross-sectional area: 
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BIG cross-sectional area:
stress



internal stress resultant



Stress distribution along the lever arm

stress

Fig.11 Cantilever beam: von Mises stress 

contours in kPa, prior to failure

George Markou Manolis Papadrakakis , 

(2015),"A simplified and efficient hybrid 

finite element model (HYMOD) for non-

linear 3D simulation of RC structures", 

Engineering Computations, Vol. 32 Iss 5 

pp. 1477 – 1524



Comparison of compressive stress and bending stress

Input values: 

F = 1 kN 

lAst = 2.0 m 

dAst = 10 cm



Comparison of compressive stress and bending stress

Input values: F = 1 kN lAst = 2.0 m dAst = 10 cm
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Input values: F = 1 kN 

lAst = 2.0 m 

dAst = 10 cm

bending stress: ��= 20,4 N/889

compressive stress:   �1= 0,13 N/889

��= 20,4 N/889

�1= 0,13 N/889

Comparison of compressive stress and bending stress



Compressive strength parallel to grain in green wood

σc,II [N/mm²]Baumart

25-27
Fagus sylvatica, Acer pseudoplatanus, 

Fraxinus excelsior, Quercus sp.

15-19
Aesculus hippocastanum, Acer 

saccharinum, Liriodendron tulipifera, 

Picea sp., Salix sp.

„Lebende Tragwerke“, Eva-Maria Mauz, 

Master Thesis, 2012



Input value = our body weight
Bending: load easily exceeds resistance  low safety factor
Compression: load much lower than resistance  high safety factor

How can we prevent bending?



• Why are they important?

• What different material properties
do we know?

• What characteristics of wood are
important to us?

• What do these properties depend
on?

• What might be different in a dead
tree, a sunburnt tree or in a tree
with a fungus infection?

Material properties



Influencing factors on wood properties

„Lebende Tragwerke“, 

Eva-Maria Mauz, 

Master Thesis, 2012
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Geometry



Neutral axis

Revisiting the neutral axis in wood beams

Philip M. Davis, Rakesh Gupta and Arijit Sinha

Holzforschung, Vol. 66, pp. 497–503, 2012



Material properties: Fagus sylvatica

σT,II [N/mm²]

Fagus grandifolia

[Kretschmann*]

Tensile strength

τc,II
[N/mm²]

Shear 

strength

σc,II
[N/mm²]

Compressive

strength

MoE
[N/mm²]

Elasticity

MoR
[N/mm²]

Bending 

strength

86,29,427,6980065

Green (alive)
(88 % moisture content)

58,6 

=0,68* σT,II

15,956,312600118
Dry (dead)
(12 % moisture content)

“The strength properties of

Timber” by Gwendoline M Lavers

(Third Edition, Revised by G L Moore)

Building Research Establishment Report ci/SfB i(J3)

1983

* Wood Handbook, Chapter 5: Mechanical 

Properties of Wood

David E. Kretschmann

General Technical Report FPL–GTR–190

1999



Modulus of elasticity

“Study of the modulus of rupture and modulus of

elasticity of green wood of local tree species” Nathaniel, 2014

https://hdl.handle.net/10356/105512



• forces, loads, load transfer, load distribution
• stability, force flow, static systems, supports
• Different types of loads: compression, bending
• Stresses: compressive and bending stresses
• Resistance
• geometric resistance, 
• material properties
• Elasticity

What we did so far



• Where are load entry points?

• What types of loads are created?
• What static systems do you see?
• Which are the active lever arm 

lengths?

• Where do these loads show effect? 
Where are maxima/minima

• Where are the locations of
maximum stress?

• Where could the tree fail?

Excercise





How can we build compression?



Indirect, axial  compression:

compression



Resulting force



Resulting force



How to create compression:



Resulting force



horizontal 

redirect



horizontal 

redirect

tied off



tied off 

redirects



Rigging set-up MRT SRT



Rigging set-up MRT SRT



MRS Bending moment trunk Loads on side branch



Rigging set-up Bending moments compression



SRT Bending moments compression



Favorable and unfavorable

rigging systems



Single load / 

double load



Favorable and unfavorable rigging systems







• Where do I have to move in the tree?

• What are suitable anchor or redirect points?

• Where are weak spots in the structure?

• How can I align my rope to create
compression?

• Can I connect branches in my load direction
for better stability?

• How can I distribute my load?

summary practical approach



Questions?


