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 Bridges located in seismic regions are subjected to significant dynamic loads 

that may cause considerable forces in bridge piers and foundations. 

Traditional seismic design methods usually consider the span structure as a 

rigid mass transferring inertial forces to the supports. However, this approach 

does not account for the potential dynamic interaction between the span and 

the supporting structure. This study proposes a method for reducing seismic 

forces in bridge piers by using the span structure as a tuned dynamic system. 

In the proposed approach, the bridge span is considered as a dynamic vibration 

absorber interacting with the pier. A mathematical model based on a two-

degree-of-freedom system is developed to describe the dynamic behavior of 

the bridge–pier system under seismic excitation. Parametric analysis is carried 

out to determine the optimal stiffness and damping parameters that minimize 

seismic forces in the pier. The results show that appropriate tuning of the span 

structure significantly reduces dynamic responses. In particular, the bending 

moment in the bridge pier can be reduced by up to 2.3 times compared with 

traditional seismic design approaches. The proposed method can be applied in 

seismic regions for improving the seismic performance and reliability of 

bridge structures. 
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1. INTRODUCTION 

Reinforced concrete bridges located in seismically active areas have a high sensitivity to the effects of 

earthquakes due to their large mass, the concentration of inertia forces in the supporting elements, and structural 

irregularities [1], [2]. Observations after strong earthquakes show that bridge supports and supporting parts are 

the weakest elements that determine the overall seismic stability of the structure [3], [4]. Excessive bending 

moments, shear forces, and displacements arising in these elements can lead to structural damage, shutdown, 

or emergency situations [3]. 

Traditional approaches to bridge seismic protection generally rely on three main directions: (1) increasing 

the strength and rigidity of the structure, (2) redistributing seismic forces between several load-bearing 

elements, and (3) applying seismic isolation and additional damper devices[5], [6]. In practice, seismic 

isolation systems and external dynamic dampers are widely used, since they reduce the load on the supports 

by extending the vibration period of the structure and increasing energy dissipation[7], [8]. However, such 

systems often cause large relative shifts, increase structural complexity, and increase operating costs. At the 

same time, the mass of the large span structure, which is present in multi-span bridges, is not used as the total 

dynamic potential. As an alternative approach, the concept of using the bridge span itself as a dynamic vibration 

damper (VDD) for the support can be proposed. Unlike classical adjustable mass dissipators, this approach 

does not require additional mass but is based on the efficient use of the mass of the existing intermediate 

device[9]. In this case, the redistribution of seismic energy and the reduction of support vibrations are ensured 

by the targeted selection of stiffness and damping parameters between the span structure and the support. At 
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the same time, most current research is devoted to models of ideal adjustable mass dampers used in traditional 

seismic isolation systems or buildings. In multi-span reinforced concrete bridges, especially in cases where the 

ratio of the mass of the span structure to the mass of the support is significantly large, the mechanism of 

dynamic interaction of the system has not been sufficiently studied. Under these conditions, the direct 

application of classical TDS theory is insufficient, and it is necessary to develop an optimization process based 

on dimensionless parameters. In this study, an improved approach is proposed, based on the use of a bridge 

span as an effective dynamic damper for the support. A dimensionless model of a system with two degrees of 

freedom has been developed, and a methodology for determining the optimal stiffness and damping parameters 

based on minimizing the amplitude-frequency characteristic of support displacements has been developed. The 

proposed method is implemented within the framework of linear spectral calculations and is tested using the 

example of a multi-span reinforced concrete bridge located in a seismic zone. The results show that by 

purposefully adjusting the span-support interaction, it is possible to significantly reduce bending moments in 

the supports, while maintaining practically acceptable displacement limits. 

2. MATERIAL AND METHODS 

2.1. Statement of the problem 

In this study, an improved method for calculating multi-span reinforced concrete bridge structures for 

seismic impacts is based on the consideration of span structures as dynamic vibration dampers, in which 

displacements and stresses at characteristic points of the structure under seismic loads are determined based on 

the second form of vibration. In this case, the mass of the support (mpier) and the mass of the span (mspan) are 

expressed through stiffness coefficients (kpier and kiso) and damping stiffness (Cspan and Ciso), respectively [10]. 

The equation of motion of the system is summarized as follows: 

𝑀𝑞̈ + 𝐶𝑞̇ + 𝐾𝑞 = −𝑀𝑟𝑢̈𝑔(𝑡)     (1) 

where: 𝑢̈𝑔(𝑡) – ground acceleration, M, C, K - mass, attenuation, and stiffness 

matrices, respectively. 

It is expressed using dimensionless parameters as follows: 

𝜇 =
𝑚𝑠𝑝𝑎𝑛

𝑚𝑝𝑖𝑒𝑟
, 𝑓 =

𝑘𝑖𝑠𝑜

𝑘𝑝𝑖𝑒𝑟
, 𝛾 =

𝐶𝑖𝑠𝑜

𝐶𝑠𝑝𝑎𝑛
      (2) 

where: 𝜇 – mass ratio; 

 𝑓 – relative stiffness parameter of insulation; 

 𝛾 – attenuation factor. 

The purpose of the research is to determine the parameters of the optimal insulation stiffness (f) and 

damping coefficient (γ), minimizing support displacements and bending moments based on the minimization 

of the amplitude frequency characteristic. In the optimization process, the displacement of the span structure 

relative to the support is limited by practical operational limitations. 

2.2. Existing calculation methods 

The scientific development of the theory of bridge seismic resistance dates to the beginning of the 20th 

century. The theory of seismic resistance of modern structures was developed by such scientists V.A. 

Ilyichev[11], S.V. Medvedev[12], T.R. Rashidov[13], A.M. Uzdin[14], and many others. According to the 

static approach proposed by Fusakichi Omori [15], the inertial force acting on the structure is proportional to 

its mass and the acceleration of the Earth’s horizontal oscillations. 

𝐹 = 𝑚 ⋅ 𝑎      (3) 

This method is known as the “theory of static equivalent seismic forces” and allows for quick and simple 

assessment of the seismic load on buildings and ordinary structures. At the same time, since this approach does 

not fully reflect the actual dynamic behavior of structures, more advanced dynamic methods have been 

developed. 

In 1933, Maurice Biot proposed determining the seismic resistance of buildings and structures using a 

dynamic calculation method based on spectra [16]. This approach made it possible to assess seismic impacts 

accurately and in accordance with their physical content. 

𝐹 = 𝑚 ⋅ 𝑆𝑎(𝑇)      (4) 

In this method, the amplitude-frequency spectrum of the earth's oscillation process is compared with the 

natural oscillation period of the structure, and as a result, the values of maximum acceleration, maximum 

velocity, and maximum displacement of the structure are determined. This made it possible to fully consider 

the real dynamic nature of the earthquake's impact compared to traditional methods based on statically 
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equivalent forces. 

The approach, developed by Japanese scientists Toshikatsu Mononobe and Matsuo Okabe, is distinguished 

by the application of a model of a cantilever rod with a point support to the base of the structure [17]. The 

seismic motion of the base is described by a sinusoidal law, and the elastic properties of the system are 

considered [18]. 

𝛽(𝜂) =
1

1−𝜂2      (5) 

As a result, a dynamic coefficient was introduced when assessing the seismic load, which is derived from 

the frequency ratio of the system and the harmonic oscillation of the base. At the same time, the Mononobe-

Okabe model was developed mainly for retaining walls, dams, and slopes, which served as a theoretical basis 

for the further development of the dynamics of seismic structures. 

Currently, in the Republic of Uzbekistan, the regulatory document QMQ 2.01.03-19 “Construction in 

Seismic Areas” is used in the design of structures in seismic zones. In this norm, the dynamic response of 

buildings and structures is assessed depending on the soil conditions, the typology of the structure, and the 

forms of natural vibrations [19]. 

𝑆𝑖𝑘 = 𝐾0 ⋅ 𝐾𝑛 ⋅ 𝐾𝑒𝑡 ⋅ 𝐾𝑝 ⋅ 𝑆𝑜𝑖𝑘        (6) 

𝑆𝑜𝑖𝑘 = 𝛼 ⋅ 𝑄𝑘 ⋅ 𝑊𝑖 ⋅ 𝐾𝛿 ⋅ 𝜂𝑖𝑘     (7) 

That is, QMQ 2.01.03-19 is adapted to modern seismic design, combining the scientific foundations of 

historical approaches (Omori, Biot, Mononobe-Okabe). 

 
Figure. 1. Simple seismic isolation: 1 - span structure, 2 - movable support part,  

3 - support head, 4 - flexible support part 

The above-mentioned scientific approaches, spectral analysis, and regulatory framework are of great 

importance in assessing the seismic state of structures and create an important scientific and practical basis for 

ensuring the seismic stability of structures, in particular, bridges on highways. Since bridges, as the main 

elements of transport infrastructure, have specific features in relation to seismic phenomena, the development 

of effective protection systems for them is an urgent task. The simple seismic protection characteristic of 

bridges on highways in seismically active areas implies the construction of flexible seismic isolation support 

sections on each support instead of traditional fixed support sections (Fig. 1). 

The strategy for selecting the parameters of simple seismic isolation depends on the ratio calculated 

according to the following formula. 

𝜈 = 𝑀𝑠𝑝𝑎𝑛/𝑀𝑝𝑖𝑒𝑟      (8) 

The mass of the support is calculated as follows. 

𝑀𝑝𝑖𝑒𝑟 = 𝐶0/𝑘0
2      (9) 

Where: 𝐶0 - bending stiffness of support; 

 𝑘0
2 - oscillation frequency of a support without an intermediate structure. 

In cases where the ratio of the mass of the span structure to the mass of the support (according to formula 6) is 

less than 2, the optimal option for stiffness and damping of the flexible support part is selected. In this case, 

the intermediate structure acts as a dynamic vibration damper (DDS). Conversely, in cases where the ratio of 

the mass of the span structure to the support mass is greater than 2, it is impossible to choose the optimal option. 

In this case, it is advisable to make the insulating support parts as flexible as possible [20]. In this case, it is 

necessary to ensure the strength of the insulating support part and the displacement of the movable support 

part. 
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3. RESULTS AND DISCUSSION 

3.1. Seismic protection and damping approaches for bridges 

The object of the research is the highway bridge over the Chirchik River, which flows through the Tashkent 

region of the Republic of Uzbekistan. The seismicity of the territory is taken as 7, 8, and 9 points according to 

the Figure 2.  

 
Figure 2. General seismic zoning map of territory of Uzbekistan 

In the development of project documentation, the principle of multi-stage design has been adopted, allowing 

for the following limiting cases: 

1. Weak earthquakes can occur once every 475 years. 

2. Catastrophic earthquakes can occur once every 5000 years, the displacement of the span structure 

relative to the support is assumed to be no more than 100 mm. 

There are the following methods for accepting seismic loads in bridge structures: 

1. Strengthening of structures that directly accept seismic loads; 

2. Redistribution of seismic forces; 

3. Seismic protection; 

4. Seismic damping. 

The first approach is considered a traditional method, based on the need to accept active seismic loads, the 

sections of structural elements are improved. The second approach is the redistribution of seismic forces into 

many elements, i.e., for single-span schemes, longitudinal seismic forces can be redistributed into two supports, 

which reduces seismic forces. The third approach is the seismic protection of span structures from supports, in 

which the energy of seismic vibrations is redistributed into kinetic or thermal energy. The fourth approach is 

the calculation of seismic vibration damping using dynamic dampers, and a structural connection of a certain 

stiffness is established between the span structure and the support. An intermediate structure, oscillating in the 

opposite phase relative to supports or other intermediate structures, can be used as a vibration damper. 

3.2. Selection of elastic damping parameters of seismic protection support parts 

The considered methods of fastening span structures are presented in Figure. 3, reduced to simple 

calculation schemes of the support. The first two circuits have two degrees of freedom, and the next two circuits 

have three degrees of freedom. In the figure, the blue circles represent concentrated structural masses or 

connection points, the zigzag lines indicate elastic or seismic isolation elements, and the vertical members 

represent the supporting columns or piers. Scheme (a) illustrates a structure equipped with seismic protection 

combined with a rigid support, where horizontal movement is restrained to provide high structural stability. 

Scheme (b) shows seismic protection combined with a movable support, allowing controlled displacement and 

reducing the transmission of seismic forces to the structure. Scheme (c) represents a configuration in which 

seismic protection elements are installed on both sides of the structure, providing improved vibration reduction 

and more uniform energy dissipation during earthquake loading. Meanwhile, scheme (d) combines seismic 

protection with an additional spring element and movable support, increasing structural flexibility and damping 

capacity under dynamic excitation. Overall, the figure demonstrates how different support and isolation 

configurations influence the seismic behavior and vibration response of span structures 
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Figure. 3. Calculation schemes of span structures in various connections with supports, a - seismic protection 

+ rigid support part; b - seismic protection + movable support part; c - seismic protection + seismic 

protection; d - seismic protection + spring + movable support part 

Optimal parameters for each variant are selected in accordance with the stiffness coefficient C and the 

inelastic resistance coefficient γ of the connecting element of the span structure with the support. The 

amplitude-frequency characteristic (AFC) is determined using the standard method for parameter selection, 

where the relative displacements in the grid are minimal. For the calculation of displacements, the following 

equation proposed in is used [21]: 

𝑴𝒒̈ + 𝑩𝒄𝒒̃ + 𝑹𝒒 = 𝑷𝑠𝑖 𝑛 𝜔 𝑡,     (10) 

where: 𝑩𝑐 – is the hysteresis damping matrix; 

 M – is the inertia matrix; 

 R – is the stiffness matrix; 

 𝑷 – is the effect amplitude vector; 

 𝝎 – is the forced oscillation frequency; 

 𝒒 – is the displacement vector; 

 𝒒̃ – is the complex conjugate vector. 

The matrix 𝑩𝑐 is determined by replacing the modulus of elasticity with γE according to the hypothesis of 

E.S. Sorokin [22]. In practical calculations, it is often replaced by an equivalent viscous damping matrix: 

𝑩𝒆 = 𝑩𝑪 ⋅ 𝑿 ⋅ 𝑲−𝟏 ⋅ 𝑿−𝟏      (11) 

where: 𝑿 – is the matrix of eigenvectors of the undamped system; 

 K – is the diagonal matrix of eigenvalues. 

As a result, the system equation is written as follows: 

𝑴𝒒̈ + 𝑩𝒆𝒒̇ + 𝑹𝒒 = 𝑷 𝑠𝑖𝑛 𝜔 𝑡     (12) 

If the substitution of hysteresis damping with viscous damping gives a large error, then both types of 

damping are considered in the system. The solution to the equation is taken as the sum of sine and cosine: 

𝒒 = 𝑺𝑠𝑖𝑛𝜔𝑡 + 𝑪𝑐𝑜𝑠𝜔𝑡      (13) 

For the resulting system of equations, the formulas proposed in were used to reduce errors in the 

resonance domain. On this basis, the amplitude of the support oscillations and the APV were minimized for 

different values of C and γ. To simplify optimization, the equations were reduced to dimensionless form, and 

the following parameters were introduced: 

𝜈𝑖 =
𝑚𝑖

𝑚0
            𝑓𝑖 =

𝑘𝑖

𝑘0
           𝑘0= 

𝐶0

𝑚0
 

Optimal parameters were selected by the stiffness of the protective support parts f1, f2, and the 

damping coefficients γ1, γ2. In this case, the displacement of the span structure relative to the support was 

limited by the condition of operation of the deformation joints. Ultimate displacement under static load: 

𝑆𝑖 = 𝑚𝑖 ⋅ 𝐴𝑔,       (14) 

and the limiting displacement: 

𝑢𝑙𝑖𝑚 =
𝑆𝑖

С𝑖
=

𝐴𝑔𝑚𝑖

С𝑖
=

𝐴𝑔

𝑘𝑖
2 ,              (15) 

from which the minimum stiffness of the protective support parts is determined. For the calculations, 

the dynamic parameters of the individual support were determined: 

T0 = 0.314 s;              k=3,18 s-1;       𝛿1,1 = 21.832810-4 m. 
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Accordingly, the reduced mass of the support is equal to m = 271.200 N. The mass of the span 

structure is quite large, 1=2=492.600 N amounted to. 

 
Figure. 4. Oscillations of the upper part of the support without an intermediate structure and with an 

intermediate structure 

Figure 4 illustrates the oscillation response of the upper part of the support structure under varying 

excitation frequencies, comparing the behavior of the system without an intermediate structure and with an 

intermediate structure. The graph shows that, without the intermediate structure, the oscillation amplitude 

increases sharply and reaches a significant resonance peak at a low excitation frequency, indicating high 

structural sensitivity to dynamic loading. In contrast, the presence of the intermediate structure substantially 

reduces the amplitude of oscillation and shifts the vibration response to a more controlled range. The inset 

graph further highlights the reduced resonance behavior, demonstrating that the intermediate structure acts as 

a vibration damping or seismic isolation component that effectively minimizes excessive movement and 

improves the dynamic stability of the support system under excitation. 

The use of a single span structure as seismic insulation does not correspond to the critical mass ν≈2 

required for a dynamic damper. 

  
a) f = 0.01 b) f = 0.075 

Figure. 5. AFC of the system with excessive seismic isolation flexibility 

The graphs illustrate in figure 5 is the relationship between oscillation amplitude and excitation frequency, 

showing how the system responds dynamically under varying damping levels. In both cases, the oscillation 

amplitude reaches a peak near the natural frequency of the system, indicating resonance behavior. For the lower 

damping coefficient in Figure 5(a), the system experiences sharper resonance peaks and larger oscillation 

amplitudes, reflecting reduced energy dissipation and greater vibration sensitivity. In contrast, Figure 5(b) 

demonstrates that increasing the damping coefficient reduces the resonance intensity and smooths the response 

curve, thereby improving vibration control and structural stability. Overall, the results indicate that excessive 

flexibility in seismic isolation systems can significantly influence resonance characteristics, while adequate 

damping helps minimize excessive oscillatory response during dynamic excitation. Therefore, the limitation of 

displacements was determined based on the capabilities of the deformation joints. For the considered bridge, 

the permissible displacement of the span structure relative to the support was taken as 6-12 cm.  

Figure 6 illustrates the relationship between oscillation amplitude and excitation frequency, representing 

the dynamic response of the structure under seismic loading conditions. In both cases, the oscillation amplitude 

increases near the resonance frequency and gradually decreases as the excitation frequency moves away from 

resonance. In Figure 6(a), the lower damping coefficient produces a higher and broader resonance peak, 

indicating greater vibration sensitivity and larger structural displacement. Meanwhile, Figure 6(b) demonstrates 

that increasing the damping coefficient results in a more controlled response, characterized by reduced 

oscillation amplitudes and improved vibration attenuation. 
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a) f = 0.1; b) f = 0.2. 

Figure. 6. AFC of system vibrations with optimal seismic isolation stiffness 

The analysis further shows that the effectiveness of seismic isolation strongly depends on the stiffness 

and damping parameters of the system. When the stiffness is very small, structural displacements increase 

significantly, whereas increasing the stiffness reduces the displacement response but also decreases the 

effectiveness of seismic load reduction. At 𝑓 = 0.1, the second resonant maximum disappears from the 

amplitude–frequency characteristic of the system, indicating improved vibration control. Overall, the results 

suggest that optimal seismic isolation stiffness combined with adequate damping can effectively reduce 

resonance effects, enhance energy dissipation, and improve the overall dynamic stability of the structural 

system during seismic excitation. 

 
Figure. 7. Loss of the second resonant maximum in the AFC of the system 

Figure 7 illustrates the loss of the second resonant maximum in the amplitude–frequency characteristic 

(AFC) of the system. The graph shows the relationship between oscillation amplitude and excitation frequency, 

demonstrating the dynamic behavior of the structure under varying damping and stiffness conditions. As the 

excitation frequency increases, the oscillation amplitude decreases gradually, and the second resonant peak 

disappears, indicating improved vibration control and greater system stability. The results show that at 𝜈 > 2, 

the selection of optimal stiffness depends primarily on the damping value. According to the calculation results, 

achieving optimal structural displacements requires a damping parameter of 𝛾 > 1, which is approximately 

50% greater than the critical value. This behavior indicates that adequate damping plays a significant role in 

suppressing resonance effects, reducing excessive oscillations, and improving the effectiveness of the seismic 

isolation system during dynamic excitation. 

 
Figure. 8. Dependence of the displacement of the span structure on the damping of the TDS in the AFC 



17 

J. of Glob. Engineering Res. & Science                                                e-ISSN: 2830-5418, p-ISSN: 2830-5906 

 

 Dynamic Interaction of Bridge Spans and Piers as a Tuned … (Ziyovuddin R) 

Figure 8 illustrates the relationship between the displacement change indicator of the span structure and 

the damping coefficient of the TDS in the AFC system. The graph shows that the displacement indicator 

decreases significantly as the damping value increases from 0.12 to 2.0, indicating that the seismic insulation 

system becomes more stable with higher damping values. The steep decline in the curve between damping 

values of 0.12 and 0.5 indicates that small increases in damping at the lower range have a substantial influence 

on reducing structural displacement. After the damping value reaches approximately 1.0, the curve becomes 

flatter, showing that additional damping provides only minor improvements in displacement reduction. This 

behavior demonstrates that the system response becomes less sensitive to damping changes at higher values. 

The results also indicate that the TDS effectively absorbs and dissipates seismic energy, thereby limiting 

excessive movement of the span structure during dynamic excitation. Therefore, the selection of an appropriate 

damping coefficient is essential to ensure efficient seismic performance while avoiding unnecessary increases 

in system stiffness or energy dissipation capacity.  

 
Figure. 9. Relationship between the displacement of the intermediate structure and the upper part of the 

support and the adjustment of the insulation by stiffness (at damping γ=2) 

Figure 9 illustrates the relationship between the displacement of the intermediate structure and the upper 

part of the support with respect to the adjustment of insulation stiffness at a constant damping value of 𝛾 = 2. 

The graph shows that the displacement changes indicator decreases sharply at the initial stage as the stiffness 

adjustment parameter 𝑓increases from 0.05 to approximately 0.10. The minimum displacement value is 

observed near 𝑓 = 0.10, indicating the optimal stiffness adjustment condition for achieving effective seismic 

isolation performance. This result suggests that an appropriate increase in insulation stiffness can significantly 

reduce the relative displacement between structural components and improve structural stability during seismic 

excitation. However, after the value of 𝑓exceeds 0.10, the displacement indicator gradually increases again, 

indicating that excessive stiffness adjustment reduces the effectiveness of the seismic isolation system. This 

behavior occurs because overly stiff insulation causes the intermediate structure and support to respond more 

synchronously to dynamic loading, thereby decreasing the ability of the system to isolate and dissipate seismic 

energy. In addition, the trend demonstrates that there is an optimum range of stiffness adjustment where the 

balance between flexibility and rigidity can be achieved effectively. Therefore, proper tuning of the insulation 

stiffness is essential to minimize structural displacement and maintain efficient vibration isolation performance 

under seismic loading conditions. 

 
Figure. 10. Dependence of the effectiveness of reducing bearing stresses on the adjustment of seismic 

insulation 
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Figure 10 illustrates the dependence of the effectiveness of reducing bearing stress on the adjustment 

of seismic insulation under harmonic excitation. The graph shows that the voltage drop indicator gradually 

decreases as the damping parameter increases from 0.05 to 0.30, indicating an improvement in the performance 

of the seismic insulation system in reducing structural stresses. At lower damping values, the stress reduction 

effect is less significant due to the limited energy dissipation capability of the insulation system. As the damp 

adjustment increases, the system becomes more effective in minimizing the transmission of dynamic loads 

from the support to the span structure. The results indicate that the optimal adjustment range is within f=0.2–

0.3, where the bearing stresses can be reduced by nearly two times compared to the initial condition. In this 

range, the insulation system achieves a more balanced interaction between structural flexibility and damping 

performance, leading to improved vibration isolation efficiency. Therefore, proper adjustment of seismic 

insulation parameters is essential to enhance structural safety and reduce the impact of harmonic and seismic 

loading on the supporting components. 

When calculating the seismic isolation system by the linear-spectral method, considering modal 

attenuation in the system, the calculated isolation efficiency will be sufficiently high. Table 1 presents the 

dynamic characteristics of support with an intermediate structure with simple and seismically protective 

support parts according to the first three forms of vibration. The coefficient of inelastic resistance in the support 

is assumed to be 0.07. For seismic isolation f=0.142; =1.1 values are taken. 

Table 1. Dynamic characteristics of span support 

Vibration patterns 1 2 3 

Period, T, s. 
unprotected 0.862 0.076 0.020 

protected 1.011 0.205 0.059 

Frequency k, rad/s 
unprotected 7.60 81.03 319.6 

protected 6.21 30.6 106.4 

Inelasticity coefficient  
unprotected 0.073 0.082 0.077 

protected 0.34 0.67 0.12 

The dynamic characteristics presented in Table 1 highlight the significant differences between 

unprotected and seismically protected span supports across the first three vibration modes. The most notable 

observation is the increase in vibration periods for the protected system (1.011 s, 0.205 s, and 0.059 s) compared 

to the unprotected system (0.862 s, 0.076 s, and 0.020 s). This extension of the vibration period indicates that 

seismic isolation effectively shifts the structural response to lower frequency ranges, thereby reducing the 

acceleration demands imposed by seismic excitation. Correspondingly, the natural frequencies of the protected 

support are considerably lower (6.21 rad/s, 30.6 rad/s, and 106.4 rad/s) than those of the unprotected support 

(7.60 rad/s, 81.03 rad/s, and 319.6 rad/s). This reduction in frequency demonstrates the ability of the isolation 

system to decouple the structure from high-frequency ground motions, which are typically more damaging to 

rigid systems. Another critical parameter is the inelasticity coefficient (γ). The protected support exhibits 

substantially higher values (0.34, 0.67, and 0.12) compared to the unprotected support (0.073, 0.082, and 

0.077). This increase reflects the enhanced energy dissipation capacity of the protected system, allowing it to 

undergo larger deformations without significant loss of stability. Such behavior is essential for mitigating 

seismic forces and prolonging the service life of the structure. Taken together, these results confirm that seismic 

isolation improves structural resilience by lengthening vibration periods, lowering natural frequencies, and 

increasing inelastic energy absorption. The combined effect of these parameters leads to a more efficient 

seismic response, reducing the likelihood of severe damage under strong ground motions. Therefore, the 

adoption of seismically protective supports represents a robust strategy for enhancing structural safety and 

performance in earthquake-prone regions. 

Figure 11 illustrates the distribution of bending moments in the support structure under two different 

conditions: (a) without seismic isolation and (b) with seismic isolation. The vertical axis represents the 

coordinates of the calculated sections in meters, while the numerical values along the red line indicate the 

magnitude of the bending moments in kN·m. In Figure 11(a), which represents the structure without seismic 

isolation, the bending moment values increase significantly from the upper section toward the lower section of 

the support. The maximum bending moment reaches approximately 1535.1 kN·m at the lower part of the 

support, indicating that the structure experiences large internal forces under seismic loading. This condition 

may lead to higher stress concentrations and increase the risk of structural damage during an earthquake. 

Meanwhile, Figure 11(b) shows the bending moment distribution when seismic isolation is applied. The results 

demonstrate a substantial reduction in bending moment values throughout the support structure. The maximum 

bending moment decreases to approximately 657.302 kN·m, which is considerably lower compared to the non-
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isolated condition. The reduction in bending moments indicates that the seismic isolation system effectively 

absorbs and dissipates seismic energy before it is transferred to the main structure. 

 

  
(a) (b) 

Figure. 11. Diagram of bending moments in a support (a) without seismic isolation and (b) with seismic 

isolation (in kN.m) 

Overall, the comparison between the two diagrams confirms that the use of seismic isolation significantly 

improves the structural performance by reducing internal forces and minimizing the effect of earthquake-

induced vibrations. This reduction contributes to enhanced structural safety, lower stress on support elements, 

and improved durability of the structure during seismic events. 

 

4. CONCLUSION 

In this study, the dynamic interaction of the bridge span and the support under the influence of an 

earthquake was analyzed, and the possibility of using the span as an adjusted dynamic system was studied. In 

traditional seismic calculation methods, the bridge span is considered only as a solid mass transmitting inertial 

forces to the supports. In this work, the possibility of using the mass of the span structure as a dynamic element 

that reduces vibrations acting on the bridge support was considered. 

During the research, a mathematical model of a bridge span and a support with two degrees of freedom 

was constructed, and dynamic processes under the influence of an earthquake were analyzed. Based on the 

calculation results, the optimal values of the stiffness and damping parameters between the span structure and 

the support were determined, and it was shown that these parameters significantly reduce the dynamic loads 

acting on the support by controlling the resonant properties of the system. 

The obtained results showed that with the correct adjustment of the dynamic parameters of the bridge 

span and support, bending moments in the support can be reduced by approximately 2.3 times compared to 

traditional calculation methods. This is important for increasing the seismic stability of bridge structures, 

ensuring their reliability and operational safety. The proposed approach does not require additional masses or 

complex extinguishing devices. Therefore, it is economically efficient and can be used in the process of 

designing and reconstructing bridges located in earthquake-prone areas. 
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