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Elasto-plastic Anisotropic Wood Material Model
for Finite Solid Element Applications'
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ABSTRACT

A simplified material model, which was efficiently implemented in a three-dimensional finite solid element (3D FE)
analysis for wood was developed. The bi-linear elasto-plastic anisotropic material theory was adopted to describe con-
stitutive relations of wood in three major directions including longitudinal, radial and tangential direction. The assump-
tion of transverse isotropy was made to reduce the requisite 27 material constants to 6 independent constants including
elastic moduli, yield stresses and Poisson’s ratios in the parallel, and perpendicular to grain directions. The results of
Douglas fir compression tests in the three directions were compared to the 3D FE simulation incorporated with the
wood material model developed in this study. Successful agreements of the results were found in the load-deformation
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curves and the permanent deformations. Future works and difficulties expected in the advanced application of the model
were discussed.

Keywords : finite element model, wood material, anisotropic, elasto-plastic theory, compression, modulus of elasticity
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Table 1. Procedures for determining the material constants of the 3D FE model for wood

Requisite constant Direction' Method of determination Douglas fir
Elastic modulus (MPa) Z, Y, X Compression test 832, 16,900, 832
Elastic shear modulus (MPa) 7Y, YX, ZX Coupled bilinear constitutive model® 1,740, 1,740, 301
Poisson’s ratio 7Y, YX, ZX from the Wood Handbook 0.018, 0.37, 0.38
Tensile yield stress (MPa) Z, Y, X Equal to compressive properties 45,443, 45
Tensile tangent modulus (MPa) Z, Y, X Equal to compressive properties 8.3, 169, 8.3
Compressive yield stress (MPa) Z, Y, X Compression test 4.5, 443, 45
Compressive tangent modulus (MPa) Z, Y, X 0.01 x elastic modulus 8.3, 169, 8.3
Shear yield stress (MPa) 7Y, YX, ZX Coupled bilinear constitutive model® 32,32, 13
Shear tangent modulus (MPa) 7Y, YX, ZX 0.01 x elastic shear modulus 17.4, 174, 3.0

! Y(longitudinal)=parallel to grain and X(tangential}=Z(radial)=perpendicular to grain.
2 Calculated values by theoretical relationships with the normal material constants.

Fig. 3. Compression tests for longitudinal, radial and tangential specimens.

2.6 DEIEIEIM 2EM (Pseudotsuga menziesii) S ©]-85tF 0w A3 e
ASTM D 143 (ASTM 2003} A&tk QF&A]

26,1, ASAH FH 25 x 25 x 102 (mm) 7|2 G, ¥A 2 A
mAje] Zo, WA W A W AFABS AN AWl uet 242 4she] Qi NS st
obaL, o|=HE weF i eAATet FESHE Tt (Fig. 3). HPEAL A FAsHe7(direct current
2 YrASTE 2AZ EQARE differential transformer, DCDT)E o] &3t &47|&

3 HdS Adste] A ol WL SEH A FHol THsshe

Xﬂ *lﬁ‘oi‘:‘ﬂ e 4= sks-1¥ 7534 3D FE A F9F Alo]A] Zo] 50 mm ol A2l

S|4 ARE waste] B4 i 2o g E e SHsES 7197 AAEUAT. HeAEA]

A& sk 7](SINTECH test system)& ©o|-g3}o] 35 £
A YSAEHS T& 15%= 712% Douglas-Fir 0.6 mm/ming 2-gato] A Fs}ct

Iﬁ. oBL J}ﬂ.l

— 371 —



ofot
o)
3]

F - GA7] - oAl - 23

Displacement-controlled loading on _
the surface of the steel bearing block 40000
Fixed top surface 2‘ 35000
+—— nodes of the steel < 30000 -
bearing block in X "g
and Z direction only 5 25000
2 20000 |
2 15000
Y = L Bxperiment
Contact interface g 10000 — Ave. bilinear curve fit
S 5000 t —s—3DFEA
z X 0
0.00 0.10 0.20 0.30 0.40
Deformation (mm)
Fixed bottom
surfgce ljodes in
all directions Fig. 5. Simulated load-deformation curves of parallel

to grain compression.
Fig. 4. Three-dimensional FE model for the 1 x 1 x

4 compression test.
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Fig. 8. Progress of longitudinal plastic strain contour
under the perpendicular to grain compression.

Fig. 9. Actual deformed shapes of the radial and tan-
gential specimen overloaded.
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