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On the Mesh Influence upon the Frequency Results 
Obtained by FEM Simulations  

The paper presents a research performed by the authors, in order to 
establish the optimal element dimensions for a given beam, so that 
FEM simulations should offer highest accuracy by minimum time con-
sumption. To achieve this desire, we made FEM simulations with ele-
ments of various dimensions for seven cross-section dimensions  
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1. Introduction 

Finite element method is a method of numerical analysis and simulation of the 
process and technical phenomena. The main idea of the method consists in divid-
ing the geometric model in finite elements connected in common points (nodes). 
Thus, the entire pattern analysis is regarded as a discrete network elements inter-
connected [1]. Operation is automatic meshing by dividing the geometric model in 
finite elements, this operation is referred to as mesh, the size of the element can 
be defined by the researcher. The end result of meshing (the number of nodes and 
finite elements generated) depend on the geometry and dimensions of the model, 
the quality of the item required (draft-coarse or high-fine), the size of the item, the 
tolerances required for meshing, local conditions of mesh and contact conditions 
specified. It is recommended for the initial calculations to generate some coarse 
sizes of meshes with finite element to obtain quick solutions, and in the early stag-
es of a meshes must be made with fine sizes of finite element in order to increase 
the precision of final solutions generated by this method. You can also enforce lo-
cal mesh in areas where the size of the variable geometry, finite element can be 
finer than the rest areas. In the case of analysis with solid models can be used 
tetrahedral or hexahedral elements, the latter offering more precise results.  The 
mesh is smoother, more time and better precision and vice versa.  
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The purpose of the work is to determine the optimum size of the elements for 
a given case, so that the results of simulations should be precise enough without 
being time-consuming. 

 
 

2. Beam modeling using hexahedral elements  

The analysis is performed on a steel beam [2] shown in Figure 1, with the 
physical and mechanical properties set out in table 1 and geometrical characteris-
tics presented in table 2. 

 
 
 

 

 

 

 

 

 

 

 

Figure 1. Analyzed steel beam  

 
Table 1   

Physical&mechanical properties U.M. Value 

mass density kg/m3 7850 

Youngs modulus N/m2 2,0 × 1011 

Poissons ratio - 0,3 
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Table 2 

Lenght L 
[m] 

High H 
[m] 

Wide B 
[m] 

Cross-section A 
[m2] 

Moment of inertia I 
[m4] 

1 0,011 0,011 1,21×10-4 1,22008×10-9 

1 0,012 0,012 1,44×10-4 1,728×10-9 

1 0,013 0,013 1,69×10-4 2,38008×10-9 

1 0,014 0,014 1,96×10-4 3,20133×10-9 

1 0,015 0,015 2,25×10-4 4,21875×10-9 

1 0,016 0,016 2,56×10-4 5,46133×10-9 

1 0,020 0,020 4,00×10-4 1,33333×10-9 

   
The mesh was created with finite elements of different dimensions, in 7 cases, 

shown in table 3; the meshed beam’s 3D representation and the cross-sections are 
presented in figures 2, 3 and 4. 

Table 3  

Cross-section B×H Finite element dimension 

[mm]×[mm] 
Element type 

[mm] 

11×11 1 2 3 4 5 6 7 8 

12×12 1 2 3 4 5 6 7 8 

13×13 1 2 3 4 5 6 7 8 

14×14 1 2 3 4 5 6 7 8 

15×15 1 2 3 4 5 6 7 8 

16×16 1 2 3 4 5 6 7 8 

20×20 

Hexahedral  
element 

1 2 3 4 5 6 7 8 

 

Figure 2. Meshed beam in 3D representation  
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Figure 3. Transversal meshed sections for beams with cross-section 11×11; 

12×12; 13×13 and 14×14 

       

Figure 4. Transversal meshed sections for beams with cross-section 15×15; 
16×16 and 20×20 

Analyzing the scales in figures 3, 4 and 5, one can conclude that, by setting a 
finite element of given dimension, the program adjust its dimension in concor-
dance to the cross-sections shape and dimensions. 

 

     

Figure 5. Cross-section of 15×15 mm meshed with 1 mm, 5 mm and 8 mm 
elements respectively 
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3. Results and discussions 

The Euler-Bernoulli model permits easily to calculate the natural frequencies 
for beams with low rigidity [5]. For rigid beams, where the shear effect is more 
dominant than the bending one, other models are more appropriate. The shear 
model, for instance, leads to precise results and use low resources, because adding 
shear to an Euler-Bernoulli beam produce a refine of natural frequencies.  

Because the beam is short (L = 1000 mm) comparing with the rigidity, it’s ap-
plied analytical calculation for shear model for all sections, as outlined above, the 
very first 10 values of natural frequencies presented in table 4.  

 
Table 4  

         Mode i 
 

Beam type 
1 2 3 4 

 
5 

11×11 8.9685 56.1808 157.1993 307.7373 508.0472 

12×12 9.7837 61.2824 171.4514 335.5735 553.8655 

13×13 10.5989 66.3824 185.6934 363.3733 599.5887 

14×14 11.4140 71.4808 199.9245 391.1339 645.2093 

15×15 12.2291 76.5774 214.1438 418.8523 690.7198 
16×16 13.0441 81.6721 228.3506 446.5257 736.1129 

20×20 16.3037 102.0295 285.0361 556.7118 916.3669 

         Mode i 
 

Beam type 

 
6 
 

 
7 

 
8 

 
9 

 
10 

11×11 757.7169 1056.2890 1403.2216 1797.8946 2239.6133 
12×12 825.8021 1150.7927 1528.1398 1957.0471 2436.6260 

13×13 893.6820 1244.9067 1652.3841 2115.1144 2631.9853 

14×14 961.3406 1338.6014 1775.9053 2272.0199 2825.5794 
15×15 1028.7621 1431.8482 1898.6556 2427.6902 3017.3023 

16×16 1095.9313 1524.6188 2020.5888 2582.0550 3207.0536 

20×20 1361.7871 1890.4078 2499.2880 3185.1729 3944.5528 

 
From numerical simulations using the finite element method we obtained the 

natural frequencies presented in table 5; one can see a good correlation between 
the results obtained by analytical calculations and that obtained by numerical simu-
lations. The results allow to plot figures 6 and 7, which show influence of the finite 
element's size upon the accuracy in determining the natural frequencies of beams, 
with significant impact on the possibility of determining the exact position of the 
damage defect in straight beams [3] and [4]. 

 
 



 
249 

T
a
b
le
 5
 

8 

8.9751 
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507.9013 

757.1488 

1054.9264 

1400.5505 
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171.5156 

335.5807 
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824.9948 
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66.4248 

185.7587 
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599.2349 

7 
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307.7590 
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757.1303 

1054.9002 

1400.5146 

1793.1980 

2232.0901 
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1524.5293 
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599.2195 

6 

8.9746 
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507.8764 

757.1111 
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1400.4776 
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66.4159 
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1950.2316 

2425.9528 
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66.4092 

185.7130 

363.2561 

599.0679 

Mesh 

1 

8.9729 

56.2007 

157.2211 

307.6850 

507.7603 

756.9266 

1054.597 

1400.084 

1792.608 

2231.301 

9.7889 

61.3048 

171.4705 
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892.5846 
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1647.7509 

2107.2346 

2619.5523 
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199.9890 

391.0729 

644.7152 

959.8983 
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2262.1281 

2810.0828 

12.2402 

76.6286 

214.2054 

418.7431 

690.0585 

1026.9166 

1427.8986 

1891.3693 

2415.5095 

2998.3453 

7 

892.5613 

1242.4229 

1647.7057 

2107.1746 

2619.4741 

11.4236 

71.5258 

199.9838 

391.0627 

644.6981 

959.8724 

1335.4186 

1769.9854 

2262.0611 

2809.9956 

12.2390 

76.6202 

214.1797 

418.6875 

689.9554 
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6 

892.4348 

1242.2254 

1647.4116 

2106.7532 

2618.8888 

11.4226 

71.5189 
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391.0169 

644.6133 

959.7296 
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1769.6482 
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2809.3173 

12.2388 

76.6192 

214.1768 

418.6815 

689.9453 

1026.7276 

1427.6029 

1890.9289 

2414.8783 

2997.4690 

5 

892.4217 

1242.206 

1647.385 

2106.718 

2618.844 

11.4224 

71.5178 

199.9598 

391.0110 

644.6033 

959.7144 

1335.171 

1769.618 

2261.535 

2809.265 

12.2386 

76.6180 

214.1734 

418.6748 

689.9339 

1026.710 

1427.577 

1890.894 

2414.832 
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4 

892.3731 
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2106.5802 
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71.5146 
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1769.5028 
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2809.0554 
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76.6144 
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689.8954 
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3 
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1647.2270 
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2808.9421 
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418.6391 
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1427.4329 
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2997.0430 

2 
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2106.4337 

2618.4713 
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71.5104 
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390.9671 

644.5276 

959.5961 
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1769.3767 

2261.2100 

2808.8399 

12.2373 

76.6094 

214.1484 

418.6236 

689.8455 

1026.5718 

1427.3753 

1890.6117 

2414.4518 

2996.9112 

Mesh 

1 
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199.9324 
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12.2370 

76.6074 
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8 

13.0566 

81.7276 

228.4068 

446.3578 
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1093.6207 

1519.7518 
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102.0905 

285.0094 
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914.2564 

1356.6777 

1880.2237 

2481.3605 
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3900.9657 

7 

13.0552 

81.7186 

228.3791 

446.2970 

735.1418 

1093.4274 

1519.4450 

2011.2359 
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102.0890 

285.0049 
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914.2406 

1356.6533 

1880.1882 
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6 
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446.2903 

735.1304 

1093.4099 
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3183.2397 

16.3195 

102.0827 

284.9863 

556.0656 
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1356.5420 

1880.0208 

2481.0712 

3155.8772 

3900.4350 

5 

13.0544 

81.7132 
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446.2644 

735.0849 

1093.3374 

1519.3115 

2011.0468 

2566.3748 

3182.9573 
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102.0814 

284.9825 

556.0577 

914.1580 

1356.5212 

1879.9907 

2481.0298 

3155.8220 

3900.3634 

4 

13.0542 

81.7122 

228.3603 

446.2584 

735.0747 

1093.3216 

1519.2888 

2011.0158 

2566.3336 

3182.9042 
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102.0777 

284.9716 

556.0354 

914.1194 

1356.4607 

1879.9023 

2480.9068 

3155.6572 

3900.1492 

3 

13.0537 

81.7087 

228.3501 

446.2378 

735.0393 

1093.2667 

1519.2090 

2010.9053 
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284.9608 
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914.0822 

1356.4035 
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2 
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228.3442 

446.2259 
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2010.8459 
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284.9526 
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102.0684 

284.9450 
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Figure 6. Errors for beams of cross-section 11×11 mm and 15×15 mm  

 

0.046

0.056

0.066

0.076

0.086

0.096

0.106

0 1 2 3 4 5 6 7 8 9

11x11 12x12 13x13 14x14 15x15 16x16 20x20t

 

Figure 7. Errors for the first mode of beams wit various cross-sections 

4. Conclusion  

The analyses made by using finite element method showed that the size of 
the mesh of structure elements that influence the accuracy of the results. As a re-
sult of simulations studied, we came to the conclusion that the relationship be-
tween the dimension and precision of these elements is not linear, but depends 
largely on the size and shape and mechanical structures modeled; a greater accu-
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racy is achieved when the side beam is not exactly the dimension of the element 
between what she meshing the beam. 
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