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Abstract: In our country, domestic species can not be used as a structural member because we 

have not yet grading system. So, to utilize as a basic data of grading system, bending test and 

numerical modelling on structural member were conducted in this study. 35 of Douglas-fir, 2��

× 6�, span 2.4 m were tested for the bending properties, and Ansys software was used to ana-

lyze the numerical modelling on the structural members. The data of knots were inspected and 

applied in numerical modelling. To obtain the accuracy of analysis, nonlinear numerical analy-

sis was carried out instead of linear numerical analysis. Ultimate load had a wide range from 

4883N to 11,738 N, and maximum deformation also had a range from 26 mm to 68 mm. 

Average of ultimate load was 8,616 N, and that of maximum deformation was 48 mm. The 

distinctive features of failure types were simple tension type and cross-grain tension type. 

Ulitmate load and maximum deformation from numerical modelling were 7,504 N and 37 mm. 

The numerical modelling drawn by this study is available to all species, and reasonable pre-

diction on the bending performance is possible with only some material properties. 

Keywords: structural member, grading system, bending test, nonlinear numerical modelling
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Table. 1. Elastic constants for the finite element analysis of douglas-fir (at approximately 12% moisture content)

�
�

 (MPa) �
�
 (MPa) �

�
 (MPa) �

��
 (MPa) �

��
 (MPa) �

��
 (MPa) �

��
�
��

�
��

11000 �
�

 × 0.068 �
�

 × 0.005 �
�

 × 0.064 �
�

 × 0.007 �
�

 × 0.078 0.292 0.390 0.449

Fig. 1. Sample feature of bending test specimen 

(No. 27).

Fig. 2. Sample feature of knot data for the numerical 

analysis (specimen number 1).
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Table. 2. Each numerical model for the knot data

No consideration of the knot Cylinder shape Rectangular shape

Entire 

model*

Datail 

view**

* %&�
'(
)*+/**�,�
-.
/�
 %&�
012/
��
)3.

Fig. 3. Load-deformation curves.
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Table 3. Failure types of Douglas-fir dimension lumbers.

No. Failure types No. Failure types No. Failure types No. Failure types

1

2

3

4

5

6

7

8

9

10

ST

ST & CGT

ST

ST & BT

ST

CGT

ST

CGT

ST

ST

11

12

13

14

15

16

17

18

19

20

ST & SPT

ST

ST

ST & CGT

ST

ST

ST

ST

CGT

CGT

21

22

23

24

25

26

27

28

29

30

ST & CGT

ST & BT

ST & SPT

ST & BT

ST

ST

ST & CGT

ST

CGT

ST

31

32

33

34

35

ST

ST

ST

ST & CGT

ST & SPT

*: Simple tension: ST, cross-grain tension: CGT, splintering tension: SPT, brash tension: BT, compression: C, horizontal 

shear: HS.

Table 4. Comparison of experimental values and numerical values

Experimental value Numerical value

Maximum load (N) Maximum deflection (mm) Maximum load (N) Maximum deflection (mm)

Range 4,883 11,738 26 68

7,504 37

Avg. 8,616 48

Simple tension failure type (sample no. 1) Cross-grain tension failure type (sample no. 8)

Fig. 4. Failure types of Dougas-fir dimension lumbers.
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Table 5. Comparison of results with cylinder shape model and rectangular shape model

cylinder shape rectangular shape

Deformation*

1st principal stress**

Von-mises stress***

*4�567
8�/**19
:;</***=>?@;<.

Fig. 5. Maximum capacity of Douglas-fir using the 

numerical method.
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No. 13 specimen Deformation 1st principal stress

Fig. 6. Comparison of experimental results and numerical results.
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