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e Variation of mass density, knots & moisture content lead to material
property fluctuations in wooden boards
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= For areliable and efficient design of wood products and timber structures
a probabilistic approach is required

Design variables X:
« Hole dimensions

« Hole position

« Hole type

"  Framework taking random fluctuations of individual laminations into
consideration
» Random process model for material properties (SoS)
» Sensitivity analysis (optiSLang)
» RDO with regards to

o stresses
« deflections (optiSLang & SoS) C'U A0
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Material fluctuations - random process model

Sample size of 275 boards/signals
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SoS:
FMOP for deflection
signal

Generation of stiffness- T T TRFT L
and strength profiles e s et

Sigw_saverjos Posu:»mcéssing

Finite element Extraction of \ { )
calculation displacements and
stress-related results

Optimization on

FMOP
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Mechanical model

= Linear 2D finite element simulation

> FE calculation in MATLAB Randomly generated stiffness- and
strength profiles for each run
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= Results:

» Stress results = Tsai-Wu criterion (orthotropic material behaviour)
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» Displacements = deflection curve d(0)
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Signal MOP

= Displacements = deflection curve (1 signal for each design)

= Signal MOP for collected deflection signals — F-CoP
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F-CoP[holeCornerRadius]
F-CoP [haleHeight] @ 35.00 %
F-CaP [holeWidth] @ 15.06 %
F-CoP[haleX] @ 53.58 %
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ienn

Signal MOP

hanics of Materials an

= Signal MOP for deflection — mean curve
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Signal MOP

= Signal MOP for deflection — principal shapes
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Postprocessing
4 NLPOL 4
Parameter Start designs Criteria MLPOL Other Result designs
Parameter Responses
MName Value 2 MName Value
holeCernerRadius 0.254506 deflection_chan_0.MinValue -3.10808
holeHeight 0.225019
holeWidth 0.3894952
holeX 2.58995
W
Criteria
MNarne Type Expression Criterion  firnit Evaluated expression 2
1 ohj_deflection_chan_0.Minvalue Objective absideflection_chan_0.Minvalug) MIN 2.10202
laT=3"Ta 0
[l Create new
, (x Variable ! Objective Illh Constraint d Limit state
D Prefer criteria from slot D Instant visuglization  Import criteria from system  ~
o
| ) Show additional options | OK | | Cancel | I Apply I
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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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