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This study examines how the natural frequency and mode shapes of truss 

bridges are affected by changes in the number of panels. The Damped DOF 

system and ABAQUS were used to examine three distinct panel 

configurations (8, 10 and 12 panel) using a steel frame bridge as a case study. 

The results show that bridges with fewer panels exhibit lower natural 

frequencies, while those with more panels have higher frequencies due to 

increased stiffness. Furthermore, the mode shape analysis indicates that 

bridges with fewer panels experience greater deformations, potentially 

impacting their dynamic performance. This research emphasizes the 

importance of optimizing the number of panels in bridge design to enhance 

both stiffness and dynamic force resistance. Future research may explore the 

influence of other structural parameters on natural frequency and mode shape. 
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1. Introduction 

Truss bridges are one type of bridge that uses the most widely used steel material [1]. The natural frequency 

of the is one of the parameters that influence the construction process [2][3][4]. The natural frequency is the 

frequency at which the structure vibrates naturally and is an important prerequisite for analyzing the feasibility 

of bridges [2][3][4]. The natural frequency of bridges is influenced by several factors, one of which is internal 

factors in the form of plate thickness, position, mass, bridge geometry, the relative ratio of prestress to the total 

weight of the structure, bridge length, bridge height, bridge width, and bridge span length [5][6][7]. 

These internal factors are also factors that affect the stiffness of a bridge, so bridge stiffness is also one of the 

factors that affect the natural frequency of a bridge [8][9][10][11][12]. In [13], Malekjafarian altered the 

Malahide Bridge's span to make it stiffer than other bridges. As a consequence, the bridge's natural frequency 

value increased, indicating that the more rigid the bridge, the higher its natural frequency value. In addition to 

the above factors, bridge stiffness, especially on truss bridges, is also influenced by the number of panels used 

[14]. The bridge's natural frequency will also be impacted by the quantity of panels employed [15][16]. 

Based on this theory, the goal of this study is to reexamine how changes in the number of panels affect the 

bridge's natural frequency. This is so that it is known more clearly the effect caused so that the determination 
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of the number of bridge panels when designing the bridge can be done properly. So that a more proportional 

bridge design can be obtained in resisting dynamic forces. 

2. Method 

2.1 Research Sample 

The sample of this research is a steel frame bridge, namely the Sei Belawan Bridge (Tj. Selamat Bridge) 

located on Jalan Graha Tanjung Anom, Tanjung Anom Village, Pancur Batu District which can be seen in 

Figure 1 with the bridge type Warren. The number of research samples consists of three research samples with 

the same bridge length and the same profile dimensions but with a different number of panels. The first sample 

is a bridge with 10 panels, the second sample is a bridge with 8 panels, and the third sample is a bridge with 

12 panels. This research sample can be seen in Figure 2. In Figure 3 you can see the side view of the Sei 

Belawan Bridge. In Figures 4-6 are pictures of research samples. Figure 4 shows the original design of the Sei 

Belawan Bridge, which had ten panels. Figure 5 shows a bridge with eight panels that has the same height and 

span length as the Sei Belawan Bridge. Twelve panels make up the bridge in Figure 6, which has the same 

span length and height as the previous one. 

 

Figure 1 The Belawan Bridge’s Location 

2.2 Type of Research 

This research uses a quantitative approach which is a scientific study in which parts of the phenomenon 

and their relationships are systematized and the development of mathematical models, theories, or hypotheses 

related to the phenomena that occur is the goal of quantitative research [17]. 
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Figure 2 Sei Belawan Bridge research sample 

 

Figure 3 Side view of Sei Belawan Bridge 

 

Figure 4 Bridge with 10 panels 

 

Figure 5 Bridge with 8 panels 

 
Figure 6 Bridge with 12 panels 

Medan Tanjung Anom 



 International Journal of Architecture and Urbanism Vol. 08, No. 03 (2024) 439 − 447 442 

2.3 Data Processing 

This research goes through several stages of data processing starting with analyzing the stiffness matrix, 

mass matrix, and natural frequency on bridges with 10 panels, 8 panels, and 12 panels using two methods 

namely Damped-DOF System and ABAQUS software. After that, the analysis findings are compared 

according to the number of panels employed in order to ascertain the impact of different panel counts. 

3. Results and Discussion 

3.1 Natural Frequency Using Damped-DOF System 

Natural frequency using damped DOF system with 10 panels has a value of 23.727 rad/sec. For bridges 

with a total of 8 panels, the natural frequency is 21.067 rad/s. And the natural frequency for bridges with 12 

panels has a value of 25.687 rad/sec. Natural frequency using ABAQUS with 10 panels has a value of 23.649 

rad/sec. For bridges with a total of 8 panels, the natural frequency is 20.979 rad/s. And the natural frequency 

for bridges with 12 panels has a value of 25.498 rad/sec. 

3.2 Mode Shapes of the Bridge  

An essential component of the natural frequency is the mode shape, which is also used to analyze the natural 

frequency's magnitude. The resulting mode shapes of the bridge with 10 panels using the Damped-DOF System 

and ABAQUS can be seen in Figure 7. The resulting mode shapes of the bridge with 10 panels using the 

Damped-DOF System and ABAQUS can be seen in Figure 8. And then, in addition to analyzing the magnitude 

of the natural frequency, the mode shape is an integral part of the natural frequency. The mode shapes generated 

by the bridge with 10 panels using the Damped-DOF System and ABAQUS can be seen in Figure 9. 

3.3 Comparison of Natural Frequency Based on Number of Panels 

The research shows that the natural frequency of a system with less than 10 panels is smaller, whereas the 

natural frequency of a system with more than 10 panels is bigger. From this comparison, it can be seen that 

the fewer the number of panels, the smaller the natural frequency, while the greater the number of panels, the 

greater the natural frequency. This comparison can be seen in Table 1 and Table 2. 

From the percentage error, it can be seen that, when the number of panels is reduced, the natural frequency 

value will also decrease. Vice versa, when the number of panels is increased, the natural frequency value will 

also increase. According to G.-W. Chen et al. [18], Grigorjeva [19], Ju & Lin [20], Malekjafarian [13], 

Matsuoka et al. [11], Siekierski [21], and Tarozzi et al. [12], stiffness has an impact on the natural frequency 

value; the higher the bridge stiffness, the higher the natural frequency value, and the lower the bridge stiffness, 

the lower the natural frequency value. Bridges with 8 panels have lower stiffness than bridges with 10 panels 

and 12 panels.  

This is because the frame used is less and longer compared to the bridge with 10 panels and 12 panels. 

Therefore, the bridge with 8 panels has a lower natural frequency value compared to the bridges with 10 panels 

and 12 panels. The bridge with 12 panels has a higher stiffness compared to the bridges with 8 panels and 10 

panels, because the frame used is more and shorter. Therefore, compared to bridges with 8 and 10 panels, the 

bridge with 12 panels has a larger natural frequency value. 

3.7 Comparison of Mode Shapes Based on the Number of Panels 

From the analysis results, a comparison of mode shapes based on the number of panels used was obtained 

using the Damped-DOF System and ABAQUS. This comparison can be seen in Figures 10 and 11. Based on 

Figure 10, it shows that the most striking difference in the mode shape is found in the bridge with 8 panels. 

The mode shape of the bridge with 8 panels appears significantly larger compared to the bridges with 10 and 

12 panels. Meanwhile, the bridge with 12 panels has a mode shape that is larger than that of the bridge with 
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10 panels but smaller than that of the bridge with 8 panels. Figure 11 reaches the same conclusion as Figure 

10, where the bridge with 12 panels has a mode shape that is larger than that of the bridge with 10 panels but 

smaller than that of the bridge with 8 panels.  

 

Figure 7 The modal shape of a bridge with 10 panels using a Damped-DOF System and ABAQUS. 

 

Figure 8 The modal shape of a bridge with 8 panels using a Damped-DOF System and ABAQUS. 

 

Caption : 

 

Caption : 
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Figure 9 The modal shape of a bridge with 12 panels using a Damped-DOF System and ABAQUS. 

Table 1 Natural frequency percentage comparison based on panel number using the Damped-DOF System. 

 8 Panel 10 Panel 12 Panel 

8 Panel  -0.1263 -0.2193 

10 Panel 0.1121  -0.0826 

12 Panel 0.1799 0.076  
 

Tabel 2 Natural frequency percentage comparison based on panel number using the ABAQUS 

  8 Panel 10 Panel 12 Panel 

8 Panel   -0.1274 -0.2156 

10 Panel  0.1130  -0.0782 

12 Panel  0.1774 0.0725  
 

 
Figure 10 Comparison of the modal shapes of bridges with 10 panels, 8 panels, and 12 panels using the 

Damped-DOF System. 
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Gambar 11 Comparison of the modal shapes of bridges with 10 panels, 8 panels, and 12 panels using the 

ABAQUS. 

4. Conclusion 

This study found that the number of panels in a truss bridge has a substantial effect on its natural frequency 

and mode shape. Bridges with fewer panels, such as the 8-panel type, have lower natural frequencies, whereas 

12-panel designs have higher frequencies. This variance is caused by the additional stiffness that comes with 

having more panels, which correlates directly with a higher natural frequency. 

Moreover, the mode shape analysis revealed that bridges with fewer panels experience larger deformations, 

impacting their dynamic performance. Therefore, in designing truss bridges, careful consideration must be 

given to the number of panels to optimize both stiffness and natural frequency, ensuring the structure's ability 

to withstand dynamic forces. Future studies could explore other design factors such as material variations or 

the influence of external forces to further enhance bridge performance. 

 

5. Acknowledgement 

 

The Damped-DOF system and ABAQUS software were used in this study to investigate how changing the 

number of panels affected a truss bridge's natural frequency and mode shape. That means the impact of 

additional structural characteristics on the natural frequency and mode shape can be investigated in future 

studies. 

 

6. Conflict of Interest 

 
The study's authors, whose names are shown below, attest to the absence of any conflicts of interest. 

 

Muhammad Zaki Chairuman 
 
If more than 10 authors are present, this form may be photocopied. The precision and comprehensiveness of 
the previously stated information support this declaration: 
 

Author’s name    Author’s signature    

Muhammad Zaki Chairuman        

 

  

Caption : 

  



 International Journal of Architecture and Urbanism Vol. 08, No. 03 (2024) 439 − 447 446 

References 
 

[1] K. Wright, Steel Bridge Design Handbook: Selecting the Right Bridge Type. Washington D.C: U.S. 

Department of Transportation Federal Highway Administration, 2012. 
[2] D. Prawestri, W. Sutrisno, and A. Priyanto, “Perbandingan Analisis Frekuensi Alami Jembatan Gantung 

Dengan Menggunakan Aplikasi Accelerometer Meter Dan Software (Studi Kasus Jembatan Gantung 

Kemiri Buluharjo Karangmojo),” Jurnal Rekayasa dan Inovasi Teknik Sipil, vol. 6, no. 1, pp. 54–56, 

2021. 

[3] H. T. Santoso, L. F. Hidayatiningrum, A. B. Utomo, J. Hartono, and Masrianto, “Analisa Korelasi Antara 

Frekuensi dengan Bentang Jembatan Berdasarkan Uji Dinamik (Correlation Analysis Between 

Frequency and Bridge Span Based on Dynamic Test),” Jurnal Jalan-Jembatan, vol. 38, no. 1, pp. 60–

72, 2021. 

[4] W. Sutrisno, L. Chandra, and A. Deonanda, “Perbandingan Frekuensi Alami Jembatan Karangsemut 

Menggunakan Accelerometer Dan Sap2000,” Jurnal Rekayasa dan Inovasi Teknik Sipil, vol. 6, no. 2, 

pp. 13–18, 2021. 

[5] F. Karimi, R. Akbari, and S. Maalek, “A Simple Conceptual Model for Estimating the First Bending 

Natural Frequency of Bridge Superstructures,” Shock and Vibration, vol. 2022, pp. 1–8, Feb. 2022, doi: 

10.1155/2022/1202384. 

[6] A. K. Mandal and P. Wahi, “Coupled plate-string vibrations in the presence of a finite bridge: Effect on 

natural frequencies and harmonicity,” J Acoust Soc Am, vol. 146, no. 5, pp. 3362–3372, Nov. 2019, doi: 

10.1121/1.5132940. 

[7] O. Onat, “Impact of mechanical properties of historical masonry bridges on fundamental vibration 

frequency,” Structures, vol. 27, pp. 1011–1028, Oct. 2020, doi: 10.1016/j.istruc.2020.07.014. 

[8] A. Fettahoglu, “Optimizing rib width to height and rib spacing to deck plate thickness ratios in orthotropic 

decks,” Cogent Eng, vol. 3, no. 1, p. 1154703, Dec. 2016, doi: 10.1080/23311916.2016.1154703. 

[9] A. M. Strom, T. C. Garcia, K. Jandrey, M. L. Huber, and S. M. Stover, “In Vitro Mechanical Comparison 

of 2.0 and 2.4 Limited-Contact Dynamic Compression Plates and 2.0 Dynamic Compression Plates of 

Different Thicknesses,” Veterinary Surgery, vol. 39, no. 7, pp. 824–828, Sep. 2010, doi: 10.1111/j.1532-

950X.2010.00736.x. 

[10] D. Wei, J. Liao, J. Liu, Y. Gao, and F. Huang, “Design and Optimization of the Bi-Directional U-Ribbed 

Stiffening Plate–Concrete Composite Bridge Deck Structure,” Applied Sciences, vol. 13, no. 16, p. 9340, 

Aug. 2023, doi: 10.3390/app13169340. 

[11] K. Matsuoka, M. Tokunaga, and K. Kaito, “Bayesian estimation of instantaneous frequency reduction 

on cracked concrete railway bridges under high-speed train passage,” Mech Syst Signal Process, vol. 

161, p. 107944, Dec. 2021, doi: 10.1016/j.ymssp.2021.107944. 

[12] M. Tarozzi, G. Pignagnoli, and A. Benedetti, “Identification of damage-induced frequency decay on a 

large-scale model bridge,” Eng Struct, vol. 221, p. 111039, Oct. 2020, doi: 

10.1016/j.engstruct.2020.111039. 

[13] A. Malekjafarian, M. A. Khan, E. J. OBrien, E. A. Micu, C. Bowe, and R. Ghiasi, “Indirect Monitoring 

of Frequencies of a Multiple Span Bridge Using Data Collected from an Instrumented Train: A Field 

Case Study,” Sensors, vol. 22, no. 19, p. 7468, Oct. 2022, doi: 10.3390/s22197468. 

[14] K. L. Tran, C. Douthe, K. Sab, J. Dallot, and L. Davaine, “Buckling of stiffened curved panels under 

uniform axial compression,” J Constr Steel Res, vol. 103, pp. 140–147, Dec. 2014, doi: 

10.1016/j.jcsr.2014.07.004. 

[15] M. N. Kirsanov, “Analytical assessment of the frequency of natural vibrations of a truss with an arbitrary 

number of panels,” Structural Mechanics of Engineering Constructions and Buildings, vol. 16, no. 5, pp. 

351–360, Dec. 2020, doi: 10.22363/1815-5235-2020-16-5-351-360. 

[16] M. N. Kirsanov, “Analytical Dependence of The Deflectin of The Spatial Truss on The Number of 

Panels,” Magazine of Civil Engineering, vol. 96, no. 4, pp. 110–117, 2020, doi: 10.18720/МСЕ.96.9. 

[17] Hardani et al., Metode Penelitian Kualitatif & Kuantitaif. Yogyakarta: Pustaka Ilmu, 2020. 

[18] G.-W. Chen, S. Beskhyroun, and P. Omenzetter, “Experimental investigation into amplitude-dependent 

modal properties of an eleven-span motorway bridge,” Eng Struct, vol. 107, pp. 80–100, Jan. 2016, doi: 

10.1016/j.engstruct.2015.11.002. 

[19] T. Grigorjeva, “NUMERICAL ANALYSIS OF THE EFFECTS OF THE BENDING STIFFNESS OF 

THE CABLE AND THE MASS OF STRUCTURAL MEMBERS ON FREE VIBRATIONS OF 



 International Journal of Architecture and Urbanism Vol. 08, No. 03 (2024) 439 − 447 447 

SUSPENSION BRIDGES,” Journal of Civil Engineering and Management, vol. 21, no. 7, pp. 948–957, 

Jul. 2015, doi: 10.3846/13923730.2015.1055787. 

[20] S. H. Ju and H. T. Lin, “Resonance characteristics of high-speed trains passing simply supported 

bridges,” J Sound Vib, vol. 267, no. 5, pp. 1127–1141, Nov. 2003, doi: 10.1016/S0022-460X(02)01463-

3. 

[21] W. Siekierski, “An analytical method to estimate the natural bending frequency of the spans of railway 

through truss bridges with steel-and-concrete composite decks,” Proc Inst Mech Eng F J Rail Rapid 

Transit, vol. 230, no. 8, pp. 1908–1918, Nov. 2016, doi: 10.1177/0954409715618691. 

  


