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The study on the possibility of performance analysis for the

compressive member using the numerical method’
Gwang-Chul Kim®

ABSTRACT

This is a leading study to replace the structural analysis methodology on the specific
traditional joint by a numerical analysis. Tests were carried out to test the compressive
methodologies with the numerical results. The Japanese larch was used as a sample.

The Orthotropic property of wood was specifically considered for the finite element
numerical analysis. Linear numerical analysis and non-linear numerical analysis for the
BEAM element and the two SOLID elements of ANSYS were used to analyze the
compressive performance. In addition, more finely divided elements were used to raise the
accuracy of the numerical result. Finally, the statistically significant differences were tested
between that of the analytical and numerical results.

It could be concluded that the SOLID 64 element shows the most optimum result when
the non-linear analysis with the more finely divided element was used. However, finely
dividing of the element is a considerable time consuming process, and it is quite difficult to
raise the accuracy of the non-linear numerical analysis. Therefore, if considering the vertical
displacement to be of the only interest, the BEAM element is more efficient than the SOLID
element because the BEAM element is reflected as a simple line, which is less time
consuming and difficult in dividing the elements. But, the BEAM element cannot accurately
model the knot as a strength defect factor which is an important property in the orthotropic
property of wood. Therefore, the SOLID element should be used to model the strength defect
factor, knot, as it can be efficiently applied on the structural size flexure member which

could be more strongly effected by the knot. In addition, it is useful at times when the
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The conclusion drawn by this study is of the good concordance between analytical results
=N717] 9

failure types of members are to be more closely investigated, as the SOLID element is able
B

and numerical results of compressive wood members, but how orthotropic properties should
only be considered. The numerical analysis on the specific Korean traditional joints will be

to examine the local stress distribution of the member.
based on the current study results.
Keywords: BEAM element, SOLID element, linear numerical analysis, non-linear numerical

analysis.
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Fig. 2. Load-deformation relations of compression test.

Table 1-1. Comparison of results between analytical and numerical analysis values for
BEAM 4 element

#1-3 #1-4 #1-5
Ultimate
compressive | Analytical Esizel10 Esizeb Esizel10 Esizeb Esize10 Esizeb
strength(Mpa)
No.1 59.54 0.923144 0.923144 0.923144 0.923144 0.923144 0.923144 0.923144
No.2 61.00 0.945698 0.945698 0.945698 0.945698 0.945698 0.945698 0.945698
No.3 58.87 0.912752 0.912752 0.912752 0.912752 0.912752 0.912752 0.912752
No.4 54.31 0.842054 0.842054 0.842054 0.842054 0.842054 0.842054 0.842054
No.5 57.43 0.890452 0.890452 0.890452 0.890452 0.890452 0.890452 0.890452

(EsizelO:element meshing size 10mm, Esizeb:element meshing size 5mm,)(#1-3: A& ]2 A=}, #1-4: ]G5 a2 A2, #1-5: a4 <
A& Eol7l flalA AAl dEF APS AAT AR stress-strain BAF F7EE @t @A v AP &4 At

Table 1-2. Comparison of results between analytical and numerical analysis values for
SOLID elements

#2-6 #2-7 #2-8 #2-9
Ultimate
compressive | Analytical Esize10 Esize5 Esize10 Esizeb Esize10 Esizeb Esize10 | Esizeb
strength(Mpa)
No.1 50.54 0.923144 0.924531 0.92471 0.922666 0.922842 0.924627 0.924732 | 0.922766 | 0.922863
No.2 61.00 0.945698 0.947202 0.947385 | 0.945244 0.945425 0.9473 0.947408 | 0.945347 | 0.945446
No.3 58.87 0.912752 0.914128 0.914305 | 0.912305 0.912478 0.914223 0.914326 | 0.912403 [ 0.912499
No.4 54.31 0.84204 0.84332 0.843484 0.84177 0.841918 0.843408 0.843504 | 0.841859 | 0.84195
No.5 57.43 0.890452 0.891767 0.89194 0.890033 0.890189 0.89186 0.891961 | 0.890128 [ 0.890224
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Table 2. Elastic constants for the finite element analysis.(at approximately 12% moisture

content)

E,(MPa) | £,(MPa) | £,(MPa) | G,,(MPa)| G,,(MPa)| G,,(MPa)| wv,, Vys V,,

E;>0.065| 12900 |E;><0.079|E,;>x0.069|FE;><0.063|E£,>0.007| 0.03 | 0.355 | 0.352

ELEMENTS ELEMENTS
ocT 18 2009 ocT 18 2009
21:44:13 21:43:06

(a) BEAM4-EsizelOmodel (b) BEAM4-Esize5model
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Fig. 3. Finite element meshes used to model the compressive specimen.
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Table 3. Comparison of analytical results with finite element model

#26 #2-7 #2-8 #2-9
Esize10 Esizeb Esizel0 Esizeb Esize10 Esizeb Esize10 Esizeb
—0.150265 —0.169655 0.051762 0.032697 —0.160664 -0.172038 0.040930 0.030422
—0.159070 -0.178421 0.047972 0.028833 —0.169433 -0.180853 0.037081 0.026613
—0.150760 -0.170152 0.048966 0.030012 —0.161168 -0.172452 0.038229 0.027712
—0.150315 -0.169791 0.033758 0.016182 —0.160766 -0.172167 0.023189 0.012382
—0.147656 -0.167084 0.047077 0.029558 —0.158100 —-0.169442 0.036408 0.025627
T o] A gwke] mluelm R 7 A gho] FAHoR {o|AVt EAE=A F7t
Al AFol dasit wmetx AP FR A A et AP A A0t fod dAeE 84
Ao w2 FAA Fod AAE AAEAT 7T A e {9 nuE sof stz WA
F A4S AN 7 Jde E4tel dis] SA1A] o] 24k AE A4Sl o] & vg o= t
AARE AAEt] A 1 FAAE FoAd vugs AAEAT
A= 3 49 2ok Z47be) vl ghEe] Uidt F AAY A3 Fgho]l 0.055T Eo} vl o
FEo] TRAtelgtE b stell t-HA S ST SOLID 185 8429 7§ 47FA v B
Tt A NAART Fu F9 g o] 0.06RY AERE vl UIdE ItelEe FoArt
EAHA AT S FAA BHAAA 2 v g FE Aole fle AR WolEo it
Zolth, Hk A gt vlue] g 4714 F Sl AP A g3 fold HAIFAAE
T AE e fFo A EAEHA v Ao E YENT
el 84 G mE §4 L8 A FA43% S njAYs| e H83e] oE s
st nke HEAgo] QFHE= AeUF ofyEH AuolAdo] tigt meEwt T3] sE
T Ao APFEA o RE st Ao FAHA AoEg IS F Us Aew Fu
.
Table 4. Statistical significant difference between results(at 95% confidence limit)
SOLID 185 SOLID64
Linear(10")-Nonlinear(10) NS Linear(10)-Nonlinear(10) NS
Linear(5)-Nonlinear(5) NS Linear(5)-Nonlinear(5) NS
Linear(10)-Linear(5) NS Linear(10)-Linear(5) NS
Nonlinear(10)-Nonlinear(5) NS Nonlinear(10)-Nonlinear(5) NS
Analytical-Linear(10) NS Analytical-Linear(10) NS

(": number means element meshing size)
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o] Asjoelt}, B 24 A SOLID 18537 &3} njAdge] o] o]9]
24 23S 10mm 43 5mm (FFo 2 dElste] 24h Ao

SOLID 64 242 Z$-ol% SOLID 185 &49] Axsl FUsHA
A gro] nvAF Ao A FEY ZA dERGon 7t
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