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ABSTRACT 

This paper deals with response analysis of inelastic simple engineering structures under high-speed 

train-induced vibration. The dynamic load is represented as a time-variant pulse-train function of 

unequal amplitudes. The structural response is quantified in terms of ductility factor, permanent 

deformation, number of cyclic loops, and input, hysteretic and damping energies. Measures of the 

structural performance based on energy concepts and damage indices are also considered. Specifically, 

the structural performance is quantified in terms of Park and Ang damage index. Damage indices 

imply that the structure is damaged by a combination of repeated stress reversals and high-stress 

excursions. In fact, the use of damage indices provides a measure on the structural damage level and 

required repair. A new scalar index based on Park and Ang and Cosenza and Fajfar damage indices is 

also proposed in this paper. The formulation is demonstrated by studying the structural response of 

single-degree-of-freedom inelastic structure to pulse train load composed of locomotive and 10 

coaches. A computational code is developed in the Matlab platform to illustrate the numerical results. 

Keywords: Damage index; ductility ratio; hysteric energy; inelastic structure; input energy; 

train-induced vibration.  

1. Introduction 

Structural damage prevention from train- and vehicle-induced vibration remains a key 

problem for engineers nowadays. This is particularly true for railway and vehicle bridges 

and buildings adjacent to railways, since such structures are always subjected to repeated 

osscilations during passage of heavy vehicles and high-speed trains. Trains emit not only 

noise but also vibration, and the influence of vibration is poorly understood. The effect of 

train noise and vibration on human was discussed [1]. [2] Hans et al. (2016) provide 

practical experience of performing measurements nearby railway lines and describes a 

method that can be used in order to obtain reliable results with a statistical approach. 

Vibrations induced by high-speed trains are dynamic loads similar to earthquake and blast 

loads. However, characteristics of each of these loads (e.g., frequency content, amplitude, 

time duration, etc.) are different. The total duration for a blast load due to a chemical 
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explosion is about 0.001-0.1 s, while that for an earthquake is about 20-50 s and the total 

duration from a high-speed train lies between these two barriers (2-10 s) for instance. 

Furthermore, train-induced loads have positive amplitudes while blast and earthquake 

loads have positive and negative amplitudes. [3] presented a comprehensive state-of-the-art 

review on train-induced vibration. The study discusses various impact criteria, building 

damage, vibration measurement, control of groundborne noise/vibration and evaluation 

techniques. Which include wheel and rail maintenance, track support system design, 

resilient wheels, tunnel wall thickness, floating slabs, trenches and building isolation? The 

study investigates resiliently supported ties, floating slabs, tracks, subway/soil interaction, 

and radiation from the subway structure, vibration propagation, and attenuation in soil and 

building response to ground borne vibration. 

Train-induced vibrations on bridges are transmitted directly to the structural members 

with almost same amplitude and frequency. If the buildings located close to railways, the 

soil medium amplifies amplitudes and filters frequency content of train-induced vibration 

before they hit nearby buildings. A theoretical study on 3D wave propagation in layered 

soil is reported [4]. Experimental results of hammer (impulse), harmonic and railway 

traffic excitation are also presented by the same author. The ground vibration is assumed to 

consist of primarily Rayleigh waves induced by moving forces on rough roads propagating 

along the surface of an elastic homogeneous half-space.  

A numerical model of free-field traffic-induced vibrations during the passage of a vehicle 

on an uneven road accounting for the dynamic interaction between the road and the soil 

using the dynamic substructure method and the boundary element technique is developed [5]. 

The model is validated with analytical results and numerical illustrations for free-field 

vibration during passage of a vehicle on a traffic plateau. Understanding train vibration from 

their origin and associated structural response remains an active area of research. In reality, 

the process of train vibration transmitted to the structure such as bridges and nearby 

buildings is energy transferring process. Energy is produced by oscillation of the ground due 

to train-induced vibration, and the movement of the ground transfers ground shaking as input 

energy to the structure. This input energy is then transformed into different forms of energies 

dissipated by the structure (strain, kinetic and damping energies) inducing soil settlement and 

structural damage [6] and [7]. Hence, it is crucial to understand the energy characteristics and 

energy transfer and associated structural damage due to train-induced vibration. 

The rapid increase of high-speed train lines, especially throughout Europe, East-Asia and 

some African countries, has recently stimulated researchers to develop and calibrate predictive 

tools for analysis of ground vibrations induced in the vicinity of railways. Excessive ground 

vibrations may have a significant impact on human comfort and on the built environment. Due 

to rapid urbanization, more buildings are constructed closer to busy roads and railways. [8] 

analyzed the response of five hypothetical reinforced concrete structures subjected to field 

measured ground motions caused by normal traffic conditions and discussed the effect of 

traffic induced ground motions on safety of building structures adjacent to busy roadways. This 

study focused on human and normal operation of sensitive equipment housed in buildings.  

Vertical ground motion induced by a moving train is one of the major sources of 

environmental loads that affect the normal operation of sensitive equipment installed in 

high technology buildings nearby railways. [9] investigated the micro vibration level of a 

high technology building subjected to nearby train-induced vertical ground motion and its 

mitigation using a hybrid control platform for sensitive equipment. [10] compared the use  
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of local and global shape functions in a boundary element method used in a prediction 

model for traffic-induced vibrations. Vibration levels have been predicted using a vehicle 

model and related to measured values [11]. A method of calculating the wave field of 

horizontally layered soils was presented [12]. An entirely analytical method of calculating 

the power spectrum density function of ground vibration in vicinity of a busy roadway is 

presented [13]. [14] developed a closed form analytical model for traffic-induced ground 

vibrations expressing excitation as a random process using power spectral density. 

[15] used the finite element method to simulate ground vibrations transmitted from a 

road on a layered site subjected to harmonic forces. [16] utilized the boundary element 

method to deal with the numerical modeling of free field vibrations induced during the 

passage of a vehicle using the dynamic  substructure method. The dynamic response of a 

simply supported, single-span structure during the passage of a train modeled by the Euler-

Bernoulli beam theory under constant moving loads was studied [17]. This elementary, yet 

realistic, model often gives higher vibration amplitudes than field measurements but can be 

refined by considering different interactions. The model can be developed by adding 

variation of the load where forces are time-variant functions. [18] considered axle loads to 

be composed of constant and harmonic components. 

In general, the structural response depends on dynamic properties of the structure 

(natural frequency, mode shape, damping, etc.) and on characteristics of train-induced 

vibration (speed, frequency content, vibration amplification medium, etc.). To develop a 

model which includes the interaction between the train and the structure, the train can be 

modeled as a rigid body system. The wheels, bogies and wagon body can be modeled as 

separate rigid bodies, linked by dampers and springs (see, e.g., [19] and [20]). [20] 

investigated important parameters such as speed of the train, train-to-structure frequency 

ratio, mass and span ratios, structure damping and distance between axles on structural 

response and concluded that these parameters influence greatly the dynamic response of 

the structure. [21] recommends using a nonlinear stiffness law to model the interaction 

between the track and the structure. Most previous studies have focused on structural 

response, such as displacement, velocity and acceleration under train vibration. This study 

deals with damage of inelastic simple structures under train-induced vibration. 

2. Response of structures to train-induced vibration loads 

In this section, the response analysis and energy quantification for single-degree-of-

freedom (SDOF) inelastic structures under train-induced vibration is studied first. 

Subsequently, the use of inelastic response parameters and energy absorbed by the 

structure in developing damage indices is explained. 

2.1. Dynamic analysis of inelastic structures 

The equation of motion governing the relative displacement response      for an 

inelastic structure modeled as a SDOF system under train-induced vibration is given by:                                                                                                                              

  ̈(t) +   ̇    +       =                                                           (1) 

where m, c, are the mass and damping of the SDOF system, respectively, and       is 

the restoring force in the spring. The above equation of motion may describe the dynamic 

response of a single-story frame structure adjacent to a railway or a road or for a simple 

bridge model subjected to train-induced vibration     . For linear structural behavior the 
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restoring force       is a linear function of the displacement response      and the spring 

stiffness coefficient  . Whereas, in the more general case, when structural nonlinearities 

are considered, this force is a nonlinear function of the structure displacement and velocity. 

Figure 1 depicts the spring force   (t) for nonlinear systems with force–displacement 

characteristic modeled with elastic–plastic behavior. Figure 2 shows the relationship 

between the inelastic deformation and the spring hysteretic force for bilinear and elastic-

plastic materials. Equation (1) can be rewritten as: 

 ̈(t) +     ̇   +  
       ̅     = 

    

 
                                         (2) 

Here   and    are the pre-yield damping ratio and the pre-yield natural frequency of the 

structure, respectively,    is the yield displacement, and   ̅          is the normalized 

hysteric force. Equation (2) can be further recast as: 

 ̈         ̇      
   ̅                                                   (3)  

  

 

 

 

 

 

Fig. 1.  (a) Inelastic single-degree-of-freedom system, (b) elastic–plastic behavior. 

 

 

 

 

 
 

Fig. 2. Force-displacement relation for nonlinear materials: (a) bilinear model; (b) elastic-plastic model. 

where              = ductility ratio; and      
     = constant that can be 

interpreted as the acceleration of the mass necessary to produce the yield force. The 

response of inelastic SDOF structures is computed by solving the incremental form of 

equations (1), (2) or (3) using numerical integration at discrete points of time (e.g., 

Newmark  -method or Wilson-  method). For bilinear behavior, an iterative procedure is 

adopted to correct for approximations of the secant stiffness used from previous time step. 

The next subsection demonstrates the quantification of the train-induced vibration input 

energy and associated energy dissipated by the inelastic structure. 

2.2. Energy dissipated by SDOF inelastic structures under train-induced vibration 

The energy balance for the SDOF inelastic structure can be obtained by multiplying 

equation (1) by the relative velocity  ̇(t) and integrating with respect to time [22], [23], 

[24], [7], [25] and [6] as follows:  
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∫   ̈    ̇      ∫   ̇       ∫       ̇       ∫      ̇      
 

 

 

 

 

 

 

 
                      (4a) 

                                                                        (4b) 

Equations (4a) and (4b) represent the relative energy terms (see [24] and [25]). 

Here       is the relative input energy to the structure since the structure starts to shake 

until it comes back to rest.       is the relative kinetic energy [        ̇        and 

      is the energy absorbed by damping. The energy       represents the combination of 

the relative elastic-strain recoverable energy and the hysteretic cumulative irrecoverable 

(yield) energy      . At the end of the train vibration duration the kinetic and elastic-strain 

energies diminish while the hysteretic energy accumulates. Thus, the train vibration input 

energy to the structure is dissipated by the hysteretic and the damping energies. [6] studied 

different forms of energy absorbed by inelastic structures under earthquake ground motion. 

The use of the response parameters in developing damage indices is explained hereafter. 

2.3. Damage of inelastic structures under train-induced vibration 

The literature on damage measures of structure under earthquake ground motions is vast 

(e.g., [26], [27] and [6]). Damage measures of structures under strong ground motion are 

expressed in terms of damage indices. Damage indices are based on either a single or 

combination of structural response parameters. [6] summarizes several damage measures that 

are based on a single response parameter (see, e.g., [28] and [26]).  The first measure indicates 

the ultimate ductility produced during the ground shaking. Clearly, this measure does not 

incorporate any information on how the train vibration input energy is imparted on the structure 

nor how this energy is dissipated. Train vibration damage occurs due to the maximum 

deformation or ductility and associated with the hysteretic energy dissipated by the structure. 

The definition of structural damage, in terms of the ductility factor, is inadequate. The last three 

measures indicate the rate of the train vibration input energy to the structure (i.e., how fast    is 

imparted by the train vibration and how fast it gets dissipated). Damage indices can be 

estimated by comparing the response parameters demanded by the train vibration with the 

structural capacities. [28] proposed a damage index in terms of the ultimate ductility (capacity) 

   and the maximum ductility attained during ground shaking     : 

      
       

     
  

      

    
                                             (5) 

Since,       does not include effects from hysteretic energy dissipation, [26] and [29] 

proposed a damage index based on hysteretic energy    as: 

     
        ⁄

     
                                                      (6) 

A robust damage measure should include contribution of maximum response and repeated 

cyclic loading. [30], [31] and [32]  developed a simple damage index, given as follows:  

      
    

  
  

  

    
 

    

  
   

  

      
                                 (7)  

Herein,      and     = maximum displacement and dissipated hysteretic energy 

(excluding elastic energy) under the train vibration. Note that      is the maximum 

absolute value of the displacement response under ground motion,    is the ultimate 

deformation capacity under monotonic loading and   is a positive constant that weights the 

effect of cyclic loading on structural damage. The contribution to      from cyclic loading 
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is omitted when   = 0. The state of the structural damage is defined as: (a) total or 

complete collapse, when         , (b) damaged beyond repair, when           
   , and (c) repairable damage, when          . These criteria are based on calibration 

of     against experimental results and field observations in train vibration [32]. The Park 

and Ang damage index reveals that both maximum ductility and hysteretic energy 

dissipation contribute to the structure resistance during ground motions. 

A scalar index can be defined using accumulated Park and Ang damage index as follows: 

                           ∫          
  

 
                                                  (8) 

Note that for small time step, equation (8) reduces to the summation of the Park and Ang 

damage index at discrete time points. Similarly, an energy index representing the normalized 

cumulative hysteretic energy developed by Fajfar and Cosenza is obtained as follows: 

    
 

           
∫          

  

 
                                        (9) 

where 
 

     
 =  constant. 

In this study, the influence of the structure's parameters such (e.g., damping ratio, 

strain-hardening ratio) and the characteristics of the train-induced dynamic force (e.g., train 

speed or total duration) on the cumulative damage indices are explored. The next section 

demonstrates the numerical results for the formulation developed in this study. 

3. Numerical Results and Discussions 

3.1. Bilinear inelastic SDOF structure  

A bilinear inelastic structure is considered with mass       kg, initial stiffness 

            N/m viscous damping ratio of 0.05. The initial natural frequency was 

computed as 4.07 rad/s and the strain hardening ratio         is taken as 0.05. These 

parameters are changed later to study their influence on the train vibration loads and 

corresponding inelastic response. The yield displacement is taken as 0.01 m and the 

structure is taken to start from rest. This SDOF system may describe a simple model of a 

train bridge or a building structure adjacent to railways. The parameters of the Newmark  -

method are taken as       ;       ; and     0.005 s. 

3.2. Input train-induced dynamic force 

A passenger high speed train (120 km/h) consisting of a locomotive of a total weight    

= 80 t and 10 passenger coaches of weight     20 t each is used to study the energy 

absorption and damage of inelastic SDOF structures to train-induced vibration. The 

locomotive consists of six axles of equal weights and the passenger coach consists of four 

axles of equal weights. The weights and distance between wheel axles for locomotive and 

coaches are demonstrated in figures (3) and (4), respectively. 
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Fig. 3. Wheel load and axles arrangement for train locomotive. 

 

 

 

 

 

Fig. 4. Wheel load and axles arrangement for train passenger coach. 

3.3 Results and discussions  

The numerical results obtained for the SDOF structure are presented in figures 5-12 and 

tables 1-4. Figure 5 shows the input train acceleration and the associated structural 

response for inelastic structure with strain hardening ratio = 0.05 and damping ratio = 0.05. 

Figure 5 depicts the train input force, displacement response, velocity response, 

acceleration response, hysteretic loop and dissipated energy.  Figure 6 explains the effect 

of the damping ratio on the structural response. Specifically, the influence of   on the yield 

energy, input energy and damping energy are provided. Similar results for influence of   

on Park and Ang damage index are presented in figure 7. Figure 8 presents the effect of   

on cumulative damage index and cumulative yield energy. The effect of the change in the 

hardening ratio on the structural response is provided in figure 9. figures 10 and 11  

provide similar results on the effect of   on damage indices. Based on extensive analyses 

of the numerical results, the following observations are made: 

1. The structure responds inelastically to high-speed train-induced vibration (see table 

1and figure 5-(b), 5-(e)). As the train passes close to the structure, the structure 

oscillates and the amplitude of vibration builds up. The inelastic structure after 

yielding oscillates around a new equilibrium position different from the initial 

equilibrium position. Each new yielding (i.e. stress reversal) causes the structure to 

drift from its initial equilibrium position and the system oscillates around a new 

equilibrium position until this gets shifted by another yielding. Accordingly, after the 

train passes the structure, it comes to rest at a position different from its initial 

equilibrium position. In other words, the structure permanent deformation remains at 

the end of the oscillation (see table 1 and Figure 5-(b)). For instant, the permanent 

deformation    about 0.03m when   = 0.05 and   = 0.05. The maximum response is 

achieved while the structure is subjected to the train load. The displacement amplitude 

decays with time during the duration of the train load and decreases with permanent 

deformation at the end of oscillation (at time 11s) of 0.03 m as shown in figure 5-(b). 
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2. The input energy to the structure is dissipated mainly by yielding and damping (see 

figure 5-(f)). The yield energy builds up faster than the damping energy. However, 

both energies build up cumulatively. The elastic strain energy and kinetic energy 

build up with time faster than other energies and approach zero by the end of the 

total duration of vibration. The yield energy approaches its maximum value of 

183.87 N.m at around 1 s.  However the damping energy approaches its maximum 

value of 65.12 N m at time t = 8 s. 

3. The increase in the damping ratio is associated with a decrease in ductility ratio, 

permanent and maximum deformations, maximum yield energy, maximum input 

energy and the number of cyclic loops or stress reversals (sees tables 1 and figure 6). 

For example, the ductility ratio decreases from 12.70 to 10.50 (17.32 %) when the 

damping ratio increases from 0.01 to 0.05(see table 1). The maximum and 

permanent deformations decrease from 0.043 m to 0.035 m (17.40 %), and from 

0.031 m to 0.028 m (10.93 %), respectively. The maximum yield energy decreases 

from about 246 N.m to about 184 N.m (25.16 %). Similarly, the number of stress 

reversals decreases from 182 to 137(24.73 %). Also, the increase in damping ratio is 

associated with a decrease in damage indices (see table 1, figure 7). Thus, when the 

damping ratio increases from 0.01 to 0.05, Park and Ang damage index decreases 

from 1.61 to 1.33 (17.39 %), Cosenza and Fajfar damage index decreases from 0.20 

to 0.16 (20 %) and ductility damage indices decrease from 1.67 to 1.36 (18.56 %). It 

can be observed from figure 7 that the values of Park and Ang damage index are 

close to associated values of ductility damage index. The values of Cosenza and 

Fajfar are relatively small. This could be attributed to contribution of yield energy to 

damage indices based on Park and Ang and ductility which is absent in damage 

index developed by Cosenza and Fajfar (see equations 5-7). Similarly, the 

cumulative damage indices decrease with increasing damping ratio (see table 2 and 

figure 8). Hence, when the damping ratio increases from 0.01 to 0.05, the two 

proposed scalar indices decrease from 28.09 to 23.21 (17.37 %) and from 35.23 to 

26.30 (25.35 %) , respectively (see table 2). 
4. The increase in the strain-hardening ratio is associated with a decrease in ductility ratio, 

permanent and maximum deformations, maximum yield energy and number of stress 

reversals (see table 3 and figures 9-11). The elastic-plastic structure (i.e.,γ = 0 or k2 = 0) 

has larger maximum and permanent deformations, ductility factor, higher number of 

stress reversals and dissipates larger energy than the bilinear structure (γ > 0) (see, table 

3). On the other hand, the increase in the strain-hardening ratio is accompanied with a 

decrease in all damage indices and new proposed scalar cumulative damage index (see, 

figures 10 and 11). Moreover, the effect of the change of strain-hardening ratio on 

Cosenza and Fajfar damage index is slight compared to Park and Ang damage index 

(see tables 3 and figure 10). As can be seen from figure 11, it can be concluded that the 

effect of the change in the strain hardening ratio on IPA (25.04%) is higher than that of 

ICF (19.01 %). Similarly, both the input energy and the damping energy decrease as the 

strain-hardening ratio increases (see figures 9-(d,e)). 

5. It may be noted that for the considered SDOF structure, changes in both damping 

ratio and strain-hardening ratio have no significant effect on damage status of the 

structure (total collapse since DIPA > 1.00, see tables 1 and 3). To study, influence 

of the initial natural frequency of the structure on the associated structural damage 

status, the structure natural frequency is changed and Park and Ang damage index is 
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calculated. Thus, when the natural frequency of the structure changes from 12.90 

rad/s to 6.45 rad/s, DIPA decreases from 1.05 to 0.35. Accordingly, the structural 

damage level gets altered from total collapse to a repairable damage. 

6. To investigate influence of yield strength on the structural response of SDOF 

inelastic structure, the value of    is changed and the structural response is estimatd 

while all other parameters are kept unchanged. The decrease in the yield strength of 

the bilinear structure is seen to be accompanied with an increase in the number of 

hysteretic loops, yield energy and damage indices (see table 6). Thus, for        

N the damage status of the structure is repairable damage while for          N, 

the damage status is total collapse (i.e. failure). 

7. To examine influence of changing the parameter 𝜷 on Park and Ang damage index, 

the value of 𝜷 is changed keeping all other parameters constant and DIPA is 

determined for each value of 𝜷. The increase in the parameter 𝜷 is observed to be 

associated with an increase in Park and Ang damage index. The variation of DIPA 

and 𝜷 is seen to be linear (see table 5 and figure12).  

Table 1. 

Influence of damping ratio on  SDOF inelastic structure response (γ = 0.05) 

 

Table 2. 

Influence of damping ratio on cumulative damage indices for SDOF inelastic structure (γ = 0.05) 

           

0 29.55 38.08 

0.01    28.09 35.23 

0.02    26.30 32.08 

0.05    23.21 26.30 

0.10    18.33 19.57 

Table 3.  

Influence of hardening ratio on SDOF inelastic structure response (  =0.05) 
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Table 4.  

Influence of hardening ratio on cumulative damage indices for SDOF inelastic structure ( = 0.05) 

           

0 43.36    41.37 

0.01 35.43    37.03 

0.02 29.99    33.46 

0.03 26.56    29.99 

Table 5.  

Influence of    on damage indices for SDOF inelastic structure ( = 0.05,   0.05) 

𝜷      

0.20 1.34 

0.30 1.36 

0.40 1.38 

Table 6.  

Influence of yield strength (  ) on response of SDOF inelastic structure ( = 0.05,   0.05) 
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Fig. 5. Input train load and associated inelastic structural response (γ = 0.05,   = 0.05) (a) Train input force  

(b) Displacement response (c) Velocity response (d) Acceleration(e) Hysteretic loop (f) Dissipated energy.  
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Fig. 6. Influence  of damping ratio on response of inelastic SDOF structure (γ =0.05): (a) 

Maximum input and yield energy (b) Maximum damping energy  (c) Yield energy (d) Input energy 

(e) Damping energy (f) Hysteretic loop. 

 

 

 

 

 

 

          

Fig. 7. Influence of damping ratio on Park and Ang damage index, Cosenza and Fajfar damage 

index and Ductility damage index for SDOF inelastic structure (γ = 0.05). 
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Fig. 8. Influence of damping ratio on cumulative damage indices for SDOF inelastic structure (γ = 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 9. Influence  of strain-hardening ratio on response of inelastic SDOF structure (  = 0.05) (a) 

Maximum input and yield energy (b) Maximum damping energy (c) Yield energy (d) Input energy 

(e) Effect of   on damping energy (f) hysteretic loop. 
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Fig. 10. Influence of strain-hardening ratio on Park and Ang, Cosenza and Fajfar and ductility 

damage indices for SDOF inelastic structure (  = 0.05). 

 

 

 

 

 

 

 

Fig. 11. Influence of strain-hardening ratio on cumulative damage indices for SDOF. 

 

 

 

 

 

 
 

 

Fig. 12. Influence of    on Park and Ang damage index for SDOF inelastic structure ( = 0.05, γ     ). 

4. Conclusions  

The response of inelastic SDOF structures under train-induced vibration is studied in 

this paper. The train load is modeled as a time-variant pulse function of unequal 

amplitudes. The train consists of a locomotive of 6 equal wheel axles and 10 coaches of 4 

equal wheel axles. The objective of the study is to investigate influences of the structural 

properties and load characteristics on response of inelastic SDOF structures and associated 

damage level. The structure force–displacement relation is modeled as  elastic–plastic or 

bilinear. The structural response is quantified using ductility, permanent and maximum 

deformations, and damping and hysteretic energies. Measures of the structure performance 

based on energy concepts and damage indices are also studied. Specifically, the structural 

performance is quantified in terms of Park and Ang, and Cosenza and Fajfar damage 



298 
JES, Assiut University, Faculty of Engineering, Vol. 45, No. 3, May 2017, pp.284–300  

indices. Damage indices imply that the structure is damaged by a combination of repeated 

stress reversals and high-stress excursions. Moreover, the use of damage indices provides a 

measure on the structure damage level. A computational code is developed [33]. The 

formulation is demonstrated by studying the structural response of SDOF inelastic 

structure to pulse train load composed of a locomotive and 10 coaches. 

Several aspects which are relevant to the problem are investigated. It is shown that the 

structural response (deformation, ductility, dissipated yield and damping energies and 

damage indices) under train-induced vibration depends on properties of the inelastic 

structure and load characteristics. Additionally, the response for the inelastic structure 

differs from that for the elastic structure. Unlike the elastic structure, the inelastic system 

after it has yielded does not oscillate about its initial equilibrium position. Yielding causes 

the structure to drift from its initial equilibrium position and the structure oscillates around 

a new equilibrium position until it gets shifted by another new yield. The study, examined 

influences of the variations of the structure yield strength, damping ratio and strain-

hardening ratio on the associated structural response. The damping ratio is seen to be 

directly proportion to the energy dissipated damping and inversely proportional to the yield 

energy and damage indices. Conversely, the strain-hardening ratio is seen to be directly 

proportional to the hysteretic energy dissipated by yielding and inversely proportional to 

energy absorbed by damping. The new scalar parameters proposed in this study in terms of 

cumulative hysteretic and cumulative damage index are believed to be of importance in 

quantifying energy absorption and damage of inelastic structures such as industrial 

installations under train-induced vibration. 

The damage indices employed in the current work developed by Park and Ang and 

Cosenza and Fajfar were developed to assess damage of structures under earthquake loads. 

It is of interest to calibrate these damage indices and develop new damage indices for 

structural damage caused by other dynamic loads such as train-induced dynamic forces and 

blast forces resulting from explosions. Further research work accounting for more complex 

structures such as industrial installations and critical facilities such as security buildings 

and taking into account amplification of vibration waves in soil medium needs to be 

investigated. This can be carried out by integrating recently developed finite element 

software (OPENSEES, ANSYS, etc.). Finally, modeling of train-induced dynamic load 

using the framework of random vibration employing stochastic process is of great interest. 
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 تالقطاراالناججة عن هحسازات الإمرنة جحث جأثير الغير جحليل جلف المنشآت 

 :العربى الملخص

ْخضاصاث انُاحجت حذج حؤرٛش الإغٛش انًشَت انبغٛطت انُٓذعٛت  انًُشآثعخجابت إحذهٛم  ٚخُأل ْزا انبذذ 

راث ععاث غٛش انذًم انذُٚايٛكٙ كذانت حزبزبٛت يخغٛشة يع انضيٍ  حًزٛمحى قذ ٔ .انغشعتعانٛت عٍ انقطاساث 

غٛش انًشَت اث عذد انذٔسٔ ذائىانخشكم انٔ ًًطٕنٛتيعايم انٔحى حٕصٛف إعخجابت انًُشؤ عٍ طشٚق  يخغأٚت،

عٍ طشٚق يقاٚٛظ حخصم  حقٛٛى أداء انًُشؤحى كًا  .خًادٔطاقت الإخضٕع ٔطاقت انانًذخهت يٍ انذًم طاقت انٔ

 ٔ  (Parkحهف ميعاي عخخذاوإبأداء انًُشؤ حى حقٛٛى عهٙ ٔجّ انخذذٚذ ٔ ،حهف انًُشؤيعايلاث ًٔفاْٛى انطاقت ب
(Ang ،ًخكشسة انعكغٛت انجٓاداث الإ َخٛجتٚذذد انًُشؤ  حصذعؤٌ ب فٛذح خهفيعايلاث انإٌ ٔحجذس الإشاسة ب

 حصذعًغخٕ٘ ن يقٛاط عطٗٚ خهفعخخذاو يعايلاث انفإٌ إفٙ انذقٛقت ٔ .عٍ دذ يعٍٛ عانٛتانجٓاداث الإٔ

 كم حهفيعايم يعخًذ عهٗ جذٚذ يعايم يقٛاعٗ إقخشاح حى فٗ ْزِ انذساعت ٔ .شيٛى انًطهٕبٔانخ انًُشؤ

غٛش يُشؤ إعخجابت دساعت عٍ طشٚق  انًعادلاثحٕضٛخ حى ٔ ،Park)  ٔ (Ang ٔCosenza)  ٔ (Fajfarيٍ

عخخذاو إدغابٙ نهذم ب كٕدحى عًم ٔ .نذًم قطاس حزبزبٗ يكٌٕ يٍ قاطشة ٔعشش عشباثأدادٖ انذشٚت يشٌ 

 .انذساعت نخٕضٛخ َخائج Matlab بشَايج


