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• Variation of mass density, knots & moisture content lead to material 
property fluctuations in wooden boards

Motivation
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Motivation for optiWood

 For a reliable and efficient design of wood products and timber structures
a probabilistic approach is required

 Framework taking random fluctuations of individual laminations into
consideration

 Random process model for material properties (SoS)

 Sensitivity analysis (optiSLang)

 RDO with regards to

• stresses

• deflections (optiSLang & SoS)

Design variables X:
• Hole dimensions
• Hole position
• Hole type
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Material fluctuations - random process model

 Sample size of 275 boards/signals

 Decision between two different types of stiffness profiles

 SoS: no meaningful correlation found for Type 1

Type 1 Type 2
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optiSLang workflow

Generation of stiffness-
and strength profiles

Finite element
calculation

SoS:
FMOP for deflection

signal

Extraction of
displacements and

stress-related results

Optimization on 
FMOP
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Mechanical model
 Linear 2D finite element simulation

 Meshing in gmsh

 FE calculation in MATLAB

 Results:

 Stress results  Tsai-Wu criterion (orthotropic material behaviour)

 Displacements  deflection curve

E
1
 [
M

P
a
]

Φ 𝝈

Randomly generated stiffness- and
strength profiles for each run



Institute for Mechanics of Materials and Structures

Vienna University of Technology

10WOST 2017, Weimar, Germany

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

F_CoP_Total_ F_CoP_holeCornerRadius_ F_CoP_holeHeight_ F_CoP_holeWidth_ F_CoP_holeX_ F_CoP_holeY_

Position of hole

Dimension of hole

F-CoP

 Displacements  deflection curve (1 signal for each design)

 Signal MOP for collected deflection signals – F-CoP

Signal MOP
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 Signal MOP for deflection – mean curve
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 Signal MOP for deflection – principal shapes

Signal MOP
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Optimization on Signal MOP
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Conclusion

 Material properties: Random process model for stiffness- & 
strength fluctuations

 Deflections/system response: Remarkable performance of
signal MOP

 Step towards fully probabilistic analysis of timber structures
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Thank you!

georg.kandler@tuwien.ac.at
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