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Abstract 

In view of the problem of the low utilization rate of larch as building materials, the cross-sectional dimension of larch 

wooden beams was optimized in this paper. The size of the larch wooden beam is 2000mm×80mm×80mm and the moisture 

content is 8.45%. By measuring experiments, The larch was statically analyzed by finite element softwareWith the volume 

of the beam as the target function, cross-section height and width as design variables, maximum stress and maximum 

deformation as state variables, and the results of static analysis as the state variable. Using these dates as the constraint of 

optimization design, the cross-sectional dimension of the larch wooden beam has been optimized as 2000 mm long, 55.02mm 

wide and 110.3mm high. The material was saved approximately 5.5% compared with that before optimization and improved 

the utilization efficiency of larch wooden beams in the construction industry. 
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1. Introduction

The latch is one of the major species of alpine coniferous 

forests in northeast, north and southwestern China. [3] is 

widely used in civil and public buildings in Europe, North 

America, Japan, and other regions due to its fast growth rate, 

decay resistance, low density, high strength, excellent seismic 

performance, and a positive impact on the indoor 

environment. However, larch wood also has many defects, 

such as a large shrinkage coefficient, easy cracking, easy 

severe deformation during processing, growth stress and 

residual drying stress during processing, and poor size 

stability [4-6]. Many scholars at home and abroad have 

conducted an extensive and in-depth study of the 

classification and full-size mechanical properties of [7-8], 

due to the lack of full-size mechanical test data of plantation 

larch, limited the application of plantation wood in the field 

of wood structure materials and wood structure construction 

[9]. Therefore, how to efficiently and reasonably use and 

improve the wood performance, and improve the utilization 

rate of the larch, has become the focus of the majority of  

forestry workers. 

* Corresponding author. Email: 236997574@qq.com 

To construct frame structures using planted larch and grade 

timber by stress, substantial sample tests are dramatically 

required, especially those based on full-size timber to provide 

basic data support for necessary calculations in timber design. 

Size wood is processed into wood [10] of a specified size 

according to standards or specifications. The elastic modulus 

(MOE) of size wood is the key [11] for wood grading and 

wood structure design, especially for determining the 

deflection level [12-13] that meets the normal use limit state 

under bending conditions. The elastic modulus of sized wood 

is usually studied by static testing, but such testing procedures 

are time-consuming, labor-intensive, and may damage the 

wood. Lee et al. [14] used carbon fiber reinforced polymer 

(CFRP) to further enhance the effect of wood shear strength, 

reinforcing the average connection strength and yield shear 

strength of larch. Tumenjargal et al. [15] evaluated the larch 

elastic modulus (MOE) and rupture modulus (MOR) and 

found a relationship between MOE and MOR. Azeufack et al. 

[16] developed non-destructive testing (NDT) to replace

static testing methods and determine the dynamic elastic

modulus of wood, which is more convenient and time-saving

when compared to testing methods, and most importantly,

they do not damage the wood. Common non-destructive

detection techniques include the transverse vibration method,
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longitudinal base frequency vibration (FFV) test method and 

stress wave method, which consider the mechanical 

properties of wood [17-18] according to different parameters. 

Xie [19] studied the role of connection structure on the 

mechanical properties and analyzed the size impact of 

connection components on the mechanical properties. Han et 

al. [20] used the reliability analysis method and obtained the 

design value of the ultimate compressive strength (UCS) of 

ordinary size Chinese larch wood. Ren et al. [21] developed 

a finite element model to investigate the mechanical 

properties under transverse compression. Xie et al. [22] 

explored the residual compressive strength, tensile strength, 

and shear strength parallel to the sample particles, using 

different temperatures and cooling methods. Promote the 

utilization of natural larch in production and processing, and 

determine the optimal processing time of wood, [23]. At 

present, many research scholars have used the finite element 

method to optimize [24-28] for industrial applications, 

control systems and machine parts, but it is rare to apply this 

method in the field of wood construction. 

This paper uses ANSYS software to analyze the structure 

common in practical engineering, obtain the maximum 

deformation and maximum bending stress, check the safety 

strength, and then the section size of the cantilever was 

optimized by ANSYS software. The finite element software 

ANSYS was used to analyze the maximum deformation and 

maximum stress, optimize the cross-section size of larch 

beam as the target function, section height and width as the 

design variable, maximum stress and maximum deformation 

as the state variable, and the result of static analysis as the 

constraint, so the minimum volume of the beam, the most 

material, the lowest manufacturing cost and improve the 

wood utilization.  

2 Data Measurement and Modeling 
Analysis 

2.1 Material Properties Measurement 

For wood materials used in construction or home decoration, 

the moisture content is generally about 8% after drying, 

which is an appropriate amount. Moisture content is too high 

or too low will lead to quality problems. During experimental 

design, the moisture content of larch wood beams after drying 

is 8.45%. Wood elastic constants mainly include modulus of 

elasticity, modulus of shearing j and Poisson's ratio. Modulus 

of elasticity includes the constants in three directions: the 

direction parallel to grain (L direction), radial (R direction) 

and tangential (T-direction): 

( , , )i
iE i L T R

c


= =    (1) 

To find the Poisson's ratio, in the condition when only 

positive stress exists in the direction of i, and other stress is 

absent, the ratio between the strain of j direction and i 

direction is negative. 
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GLR, GTR, GLT stand for the shear elastic modulus in the 

surface of LR, RT, LT respectively; 45°test specimen and the 

following formula is used to calculate the shear modulus:   
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     In the formula, G stands for shear modulus(Mpa); 

45P  represents the initial load increment on the loading 

strain curve; 

x  represents the strain increment to the specimen along 

the axial direction of the specimen corresponding to ΔP; 

y  represents the strain increment in the direction 

perpendicular to an axial direction of the specimen; 

0A indicates the cross-sectional area of the specimen 

(mm2). 

Data measurement results are shown in Table 1. 

Table 1. 12 elastic constants of larch wood beams 

EL(Mpa) ER(Mpa) ET(Mpa) GLR(Mpa) GTR(Mpa) GLT(Mpa) TL LT RL LR RT TR 

9845 845 482 633 767 232 0.33 0.023 0.41 0.028 0.52 0.75 

2.2  larch wooden beams Finite Element 
Analysis 

2.2.1 Setting of unit type of wood beams and 
material properties   
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The article needs to analyze the static performance of larch 

wooden beams. The unit type selected in this paper is Solid 

45, this unit, possessing good plasticity, high creep 

resistance, expansion, large deformation, large strain, also 

has Stiffening anisotropy and other functions. Therefore 

Solid 45 is selected as the unit model for larch wooden beams 

and spacer model. 

When defining the characteristics of the material, the 

material is arranged to be orthotropic. All the coefficients in 

this paper are defined by using the column regularization 

method, to archive better rationality and a high degree of 

consistency. 

2.2.2 Analysis model of wooden beams 
ANSYS software uses the dimension of 2000mm×80mm× 

80mm to simulate larch wooden beams. 2000mm is the X 

direction. Steel gaskets with a size of 80mm×80mm×20mm 

are adopted at the position of constraints and load. The role 

of steel gasket is to prevent stress concentration in the course 

of analysis. The gasket is set to be rigid gaskets with the 

material possessing linear and isotropic elastic.  

In addition, the modulus of elasticity of the gasket should 

be set at infinity, to achieve the effect of preventing stress 

concentration. However, if the elastic modulus of the rigid 

gaskets outnumbers the timber specimen too much can lead 

to non-converging analysis results. Therefore, the elastic 

modulus of the gasket herein is set at 1×109MPa, Poisson's 

ratio is at 0.2. Larch wooden beams model is shown in Figure 

1. 

Figure 1. Larch wooden beam model 

2.2.3 Meshing 
After determining the type of unit and setting the material  

properties. Meshing the model is the next step, and meshing 

used in this paper is the mapping mesh with the length of 20 

mm, which can control the density and quality of element 

mesh dividing. What important is the relatively less amount 

of time-consuming calculations performed within the whole 

process? The division of the grid is shown in Figure 2. 

Figure 2. The meshing of larch wood beams 

2.2.4 Deploying load 
After complete meshing, the loading model and constraints 

are applied to find the solution. Load deployed is the 

monotonic vertical force on a central node of two gaskets in 

the model, the resultant force is 1000N. Constraints are 

arranged in displacement in the Y direction between the 

centerline position of two supporters, which allows free 

rotation of the gasket around the Z-axis, reducing the excess 

binding effect of the gasket on the specimen.  

2.2.5 Analysis of the results 
In this paper, the maximum stress criterion was used to solve 

the stress in all directions. Maximum normal stress is also 

known as "the maximum tensile stress." Under the condition 

of complex stress, the composite will be in a failure state if 

one or several stresses are equal to its strength limit. In other 

words, the stress within material should be smaller than the 

stress of one or several main directions. Otherwise, the 

material will be damaged. The discriminant formula of 

maximum normal stress theory is given by: for tensile stress, 

      TX1   TY2  S|| 12      (4) 

For compressive stress: 

      CX−1    CY−2      (5) 

In the formula above, there is no relationship between the 

variables. If such set of inequality is not satisfied, the 

material will be damaged due to TX 、 TX 、 TX 、 TX or 

S failure mechanism. When applying the maximum stress 

theory, the stress in the material needs to be converted to the 

stress in the main direction of the composite. The final results 

of the analysis are shown in Figure 3. 

(a) X-direction stress diagram
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(b) Y-direction stress diagram

(c) Z-direction stress diagram

(d) XY-direction shear stress diagram

(e) XZ-direction shear stress diagram

(f) YZ-direction shear stress diagram

Figure 3. Figure stress larch wood beams in different 
directions 

According to the general HILL yield criterion, maximum 

equivalent stress is determined by the formula below: 

            

1

21 1

3 3

T T

e M L   
 

= − 
 

        (6) 

where  
T

  stands for the stress in the respective 

direction. 
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The variation of the maximum equivalent stress according to 

the solution is shown in Figure 4. 

Note: The straight line is the maximum equivalent stress 

Figure 4. Model equivalent maximum stress curve 

Based on the changes of the value of the stress in different 

directions in Figure3, the maximum stress curve for the 

model can be drawn with ANSYS time mileage processor, 

which is shown in Figure4. Figure 3(a, b, c, d, e, f) can 

visualize the changes, maximum and minimum of the stress 

in all directions. The maximum equivalent stress of 

30.844Mpa was obtained from the model in Figure 4, and 

was taken to be the optimized design constraints. 

3. Optimization on the sectional
dimension of larch wood beams

3.1 Basic parameters of optimization 

The larch wooden beams are simplified as ANSYS program 

BEAM3 unit model, applying constraints located 120mm 

and 1880mm, deploying force at the location of 640mm and 

1360mm. Parameter constraint is the maximum allowable 

stress value, which is determined to be 30.844mpa. 

According to the regulation in Beam Design Manual, the 

maximum deflection of the wood beam should be less than 

L/400, where L represents the length of the specimen. So the 

degree of deflection herein is 5mm. The height, width is set 

to be greater than or equal to 40mm. In the optimization 

process, the volume of wood beams is determined. 

According to tas the objective function, the height and width 

of wooden beams are design variables, maximum stress and 

maximum degree of deflection as state variables. The 

objective function value convergence tolerance is taken as 

0.01, a zero-order optimization method is used here. 

3.2 Optimization Mathematical Model 

This design optimization model is as follows: 

      

max max

max max

max

, ,

10 40

min ( ) 10 40

5

x B H S D

B

f x H

S F

D

=


 


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 

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（ , ）

 (7) 

  The objective function is a function of volume (mm³). 

   B, H represents the width and height, the design variables 

(mm); 

maxS  represents the maximum stress, a state variable; 

  maxF  is the maximum equivalent stress (Mpa) as solved 

above; 

maxD represents the maximum degree of deflection, a state 

variable (mm). 

3.3 Optimization Results 

According to the above question, creating the specimen 

optimizing design model, load and constraints, then finding 

a solution based on the model established, and finally 

entering the optimization constraints for optimization 

analysis, larch wood beams optimization is performed 

following the steps above. Table 2 shows data calculated for 

each optimization, 20 sets of data in total, including the result 

of the 10th cycle as the optimal solution (in Table 2, the result 

marked "*" are our optimum design list). When the width (B) 

is 55.02mm, height (H) is 110.3mm, the state variable maxS

= 26.34Mpa, maxD = 2.52mm, the total volume of the beam 

appears at the best value. The optimal solution for the volume 

of 1.21 × 107mm3. 

Sectional dimension optimized according to Table 3 is 

more reasonable than the original, also reducing the volume 

of 7.0×105 mm3, saving an estimated amount of 5.5 percent 

of larch material. 
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Table 2. Optimization results on the cross-section of larch wooden beams 

Optimization According B H maxS maxD Volume 

No. With judgment (mm) (mm) (Mpa) (mm) (mm3)

1 FEASIBLE 80.00 80.00 30.84 3.23 1.28×107 

2 FEASIBLE 70.25 121.3 28.42 0.91 1.69×107 

3 FEASIBLE 78.42 99.42 12.32 0.65 1.54×107 

4 FEASIBLE 63.16 97.41 25.74 1.02 1.28×107 

5 FEASIBLE 88.11 87.25 2.78 0.43 1.53×107 

6 INFEASIBLE 59.90 89.24 34.31 6.21 1.05×107 

7 FEASIBLE 76.42 96.53 16.42 0.56 1.46×107 

8 FEASIBLE 74.04 97.31 18.45 0.32 1.43×107 

9 FEASIBLE 72.42 87.25 21.42 1.41 1.25×107 

*10* FEASIBLE 55.02 110.3 24.19 2.51 1.21×107 

11 FEASIBLE 54.54 126.6 18.56 1.23 1.36×107 

12 FEASIBLE 68.24 90.05 4.67 1.11 1.23×107 

13 INFEASIBLE 75.02 100.22 35.42 2.03 1.51×107 

14 FEASIBLE 70.31 91.65 3.19 1.05 1.26×107 

15 FEASIBLE 70.00 95.49 17.31 1.51 1.33×107 

16 FEASIBLE 69.69 94.89 23.12 1.12 1.31×107 

17 FEASIBLE 68.00 94.11 28.00 1.21 1.28×107 

18 FEASIBLE 79.12 84.65 17.31 0.55 1.34×107 

19 INFEASIBLE 78.62 84.46 34.43 2.02 1.33×107 

20 FEASIBLE 78.89 88.02 3.45 1.08 1.39×107 

      Time 

Note: represents the design variables H, 

 represents the design variables B 

Figure 5. Curve design variables 

The design variables shown in Figure 5 change to the 

values of B and H of the minimum volume, namely 

B=55.02mm, H=110.3mm. 
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Table 3. Optimize the larch beam section dimensions 
before and after 

Volume B H 
Volume 

saving 

Percentage 

saving 

(mm3) (mm) (mm) (mm3) (%) 

Before 

optimization 
1.28×107 80.00 80.00 

7.0×105 5.5 

After 

optimization 
1.21×107 55.02 110.3 

4. Conclusion

Through experiments, ANSYS simulation and ANSYS 

software optimization design, the cross-sectional size of 

larch wood beams selected in this article has been optimized, 

while savings approximately 5.5% of the raw material 

compared with that before optimization, improving the 

utilization efficiency of larch wood beams in the construction 

industry. Meanwhile, the paper introduces the finite element 

method for modeling analysis of larch wood beams, which 

belongs to cross-disciplinary study, providing foundation 

and inspiration for the analysis of other composite materials. 

Furthermore, this article selects larch material with a 

moisture content of 8.45%, also lays the theoretical 

foundation for the analysis of other materials of larch and 

other types of wood with different moisture content. 
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