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Abstract 

The effect of different vertical support stiffness of a frame railway bridge is investigated in 

this study. Due to the dynamic loads of the high speed trains that run over the railway bridges, 

the response of these structures is far from the static effects. The frame bridge chosen for this 

study is the Rössjö bridge, located on the Bothnia Line, the first high speed railway built in 

Sweden. Using a theoretical model of this bridge, the eigenfrequencies of the structure and the 

vertical accelerations of the deck are evaluated. Not only different vertical support stiffness, 

but also different trains and train speeds are studied. Finally, some real in-situ measurements 

are compared with the results from the theoretical model.  

 

Keywords: Frame bridge, Dynamics, Support stiffness, High speed train, Ballast instability, 

Moving loads 
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Resumen 

El efecto de diferentes rigideces verticales de los soportes de un puente marco es investigado 

en este estudio. Debido a las cargas dinámicas inducidas por los trenes de alta velocidad que 

circulan sobre los puentes ferroviarios, la respuesta de estas estructuras es muy distinta a la 

que tendrían si las cargas fuesen dinámicas. El puente marco elegido para este estudio es el 

Puente Rössjö, situado en la línea ferroviaria Bothnia, la primera red de alta velocidad 

construida en Suecia. Utilizando un modelo teórico de este puente, las frecuencias propias de 

vibración y las aceleraciones verticales del tablero son analizadas. No sólo diferentes 

rigideces verticales de los soportes son analizadas, también diferentes tipos de trenes y 

velocidades de operación son tenidas en cuenta. Finalmente, algunas medidas reales tomadas 

in-situ son comparadas con el modelo teórico.  

 

Palabras clave: Puente marco, Dinámica, Rigidez de los apoyos, Trenes de alta velocidad, 

Inestabilidad del balasto, Cargas dinámicas 
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Introduction 

1.1 Aim and scope 

When a theoretical of a railway bridge is defined, its accuracy is important in order to obtain 

reliable results. In this report, the vertical support stiffness is studied. The aim is to obtain a 

vertical support stiffness value that reflects the real behaviour of the frame bridge when is 

subjected to a high speed trains.  

In this study only the Rössjö bridge is evaluated. Due to the geometry of this bridge, a 2D 

finite element model is chosen. Although the influence of the soil behind the sidewalls in a 

portal frame bridge is important, is not taking into account in this study.  

1.2 Background 

The development of the modern society has brought about the need to carry people faster and 

further all over the world. To cope that claim, high speed railways appeared.  High speed 

trains, i.e. trains that travel at speed greater than 200 km/h, represent the state-of-the-art in 

railway networks.  

According to the UIC (International Union of Railways) high speed trains represent 

considerable advantages. First of all, they offer high capacity of transport, reducing the traffic 

congestion. Additionally, high speed railway is both energy and use of land efficient. 

Therefore, this mode of transport respects the environment. Finally, it is the safest mode of 

transport, even more safe than planes [12].      

The first country that decided to build a high speed railway was Japan. The gauge of 

conventional speed rails was narrow (1.067 m) due to the rugged relief, fact that prevented the 

achievement of high velocities. Furthermore, the traffic density did not allow adding more 

trains to the railway. Consequently, the potential of improvement of the Japanese railway was 

lower than in other countries around the world. In 1964, Shinkansen, the first high speed 

railway line between Tokyo and Osaka was opened, coinciding with the celebration of The 

Olympic Games in the capital.  An exclusive exploitation model was adopted; hence a 

complete separation between the conventional and the high speed infrastructures exists. Japan 

is still building new high speed railways [15].  
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Because of the high speed trains success in Japan, some countries around Europe decided to 

start designing high speed railways instead of conventional ones, see Figure 1. 

 

Figure 1. European high-speed network: forecasting 2025 (from www.uic.org [12]) 

Then, to meet the accessibility and mobility demands, the first high speed railway appeared in 

France in 1981, the LGV (Ligne à Grande Vitesse) Sud-Est (Ligne Nouvelle 1). This line 

connects Paris and Lyon and the maximum speed achieved is 270 km/h [12]. 

In Spain, the first high speed railway (LAV, Línea de Alta Velocidad) was opened in 1992, 

between Madrid and Sevilla, when the Sevilla’s International Expo was celebrated. Due to the 

different wide gauge used in that country (1.668 m) compared with the UIC gauge (1.435 m) 

it was necessary to build a new railway. Today, with more than 2600 km, Spain has the 

longest high speed railway in Europe, and the second one of the world, behind China. The 

AVE (Alta Velocidad Española) trains were designed for speeds up to 360 km/h and the 

current maximum speed achieved is 350 km/h [14].  

However, countries like Sweden started later building networks of high speed railways. The 

largest project in Sweden is the Bothnia line, a new 190 km long railway line designed to 

cope with speeds up to 250 km/h. It is a link between Nyland, Örnsköldsvik and Umeå. Trains 

at speeds up to 290 km/h were tested in the southern part of the line in June 2009. It is 

planned that the Gröna Tåg (Green Train), a Swedish prototype train, will run with regular 

service at speeds of 250 km/h, even with the Nordic weather conditions. The case of study of 

this dissertation is one of the bridges of this line: The Bridge at Rössjövägen [13].  

Bridges are an essential part of the high speed infrastructure. Only at the Bothnia line there 

are 143 bridges. At high speed, vibrations induced to the structure are more important than at 

conventional speeds [13].  

http://www.uic.org/
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Literature review 

In the following chapter the state-of-the-art of the high speed railway lines is presented. A 

general introduction about dynamic load models is given, as well as an overview about the 

latest researches in high speed railway bridges.  

Based on an empirical study, in 1849, Willis concluded that stresses and deflections in a 

simple supported beam are higher in a dynamic load model, compared with a static load 

model. He also observed that the effect increases with the speed of that dynamic load [1]. 

Later on, a theoretical solution agree with this conclusion was published by Timoshenko et al 

[2].  

More recently, Fýrba affirmed that the vertical acceleration is a decisive parameter to study 

the dynamic behavior, especially in high speed railway bridges. The conclusion was 

satisfactory supported with some in-situ measurements [3]. In fact, to ensure the safety at 

bridges for high speed trains, the maximum bridge deck acceleration is limited up to 3.5 m/s
2 

in ballasted tracks. This comes, mostly, from the risk of ballast instability [1].  

Despite these requirements, Museros et al., after several studies, came to the conclusion that 

in short span bridges high values are obtained for the maximum acceleration using the moving 

loads model. The values of the maximum acceleration in those cases were even larger than 7 

m/s
2
, which is a limit to avoid the ballast liquefaction. This is because two notable effects in 

short span bridges are neglected with this model: the interaction between the train and the 

structure and the load distribution through the sleepers and the ballast [8].  

In addition, the boundary conditions are highly relevant in frame bridges, so a study of the 

bridge-soil interaction is needed. Ülker-Kaustell et al. conducted a quantitative analysis based 

on the linear theory of elasticity for this problem. They concluded that a clamped model to 

study this type of bridges underestimates the value of the vertical deck acceleration [11]. 

Although acceleration is a decisive criterion to study the dynamic behavior of a bridge, it is 

not enough to study that behavior when resonance phenomena occur [9].  

In recent decades, the research is focused on modeling the interaction between the train and 

the structure. Xia et al. studied this interaction taking into account four problems: the model 

of the vehicle, the model of the bridge, the model of the wheel-rail interaction and a numerical 

solution for the vehicle-bridge interaction. They proposed a dynamic analytical model and a 

computer simulation method for rigid and articulated high speed trains and they compare 

them with in situ measurements. In both cases, they got accurate results [6, 7].    
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Furthermore, due to the loss of energy during the oscillations, a highly complex mechanism 

appears in bridge structures: damping effect. As a consequence of damping, amplitude of free 

vibrations decreases with time. The assumption of viscous damping is accurate enough in 

practice and it is easier to compute. The maximum acceleration is dependent on the damping 

value; the lower is the damping ratio, the grater is the dynamic effect. Typical damping ratios 

depending on the material of the bridge structure are presented in Table 1:  

Table 1. Typical damping ratios (from [1]) 

Material ξ(%) 

Reinforced concrete  

Low stress 

Medium stress (fully cracked) 

High stress (fully cracked) 

0.7 to 1 

1 to 4 

0.5 to 0.8 

Prestressed concrete 0.4 to 0.7 

Composite 0.2 to 0.3 

Steel 0.1 to 0.2 

 

Since effects such as stresses, bending moments, deflections, shear and torsional response are 

increased by increasing the train speed, a dynamic behavior’s analysis of the bridges crossed 

by high speed trains is interesting.  These effects depend on the following factors: 

- The inertial response of the bridge: the deck cannot be instantly accelerated by the 

arrival of a moving train. 

- Resonance effects: the structure can be excessively excited by regularly spaced loads 

(train axles). 

- Irregularities: additional dynamic effects can occur due to imperfections from the 

track or the vehicle [1]. 

Obviously, a static analysis is not sufficient when studying the behavior of bridges subjected 

to high speed trains. Therefore, the dynamic behavior of the structure shall be taken into 

account to study the real effects [2].    

Furthermore, according to the code, a dynamic analysis always proceeds when the speed of 

the train is greater than 200 km/h and the bridge cannot be considered as a simple structure, 

i.e. a simple supported bridge with only longitudinal beams or a plate structure with negligible 

skew effects (see Figure 2). A requirement given in recent studies is to consider frequencies 

up to 30Hz in the dynamic analysis or 1.5 times the value of the first mode of vibration, 

including at least three modes of vibration [2].   
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Figure 2. Chart to determine when a dynamic analysis is needed (from [2]) 

Whenever is possible, the calculation methods should be compared with real measurements to 

validate them [1]. 

 

 

 

The dynamic analysis can be undertaken using the Universal Train HSLM models or using 

the values of the Real Train designed for the line. For a simple supported span larger than 7 
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meters, only the Universal Train HSLM-A should be used for the analysis (from A1 to A10 

included) [2]. 

 

 

Figure 3. Universal Train HSLM-A (from [2]) 
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Case Study 

3.1 The Rössjö Bridge 

The Rössjö Bridge is a frame bridge located on the Bothnia Line in Sweden, between Rössjö 

and Orrvik, see Figure 4. 

 

Figure 4. Location of the Rössjö Bridge at the Bothnia Line 

The theoretical span of the bridge is 15.25 m and the free height is 4.7 m.  At both ends of the 

bridge there are concrete wing walls that retain the soil on its exterior surface. The bridge 

foundation consists of continuous spread concrete footings at the bottom of those walls. It is a 

reinforced concrete bridge, carrying a single ballasted track. See Figures 5 and 6.  
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Figure 5. Final structure of the Rössjö Bridge 

 

 

 

Figure 6. Elevation drawing of the Rössjö Bridge 
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3.2 Abaqus FE system 

In order to create and analyze a model of the Rössjö bridge, the ABAQUS finite element 

system was used. ABAQUS/CAE and ABAQUS/Viewer programs, as well as the different 

input and output files, were enough for this study. 

ABAQUS/CAE contains a graphical and interactive interface, divided in different modules. 

Each module is used to define a different part of the model, such as geometry, materials, 

mesh, boundary conditions or loads, amongst other. Since one is moving from one module to 

another, ABAQUS generates and input file. Then, after the analysis, an output file is obtained. 

ABAQUS/Viewer is a postprocessing system that shows the results in a graphical interface 

[17]. 

The first module in ABAQUS/CAE is the Part module, where the structure can be sketched in 

the graphical interface. To assign different properties to that structure, like section, profile or 

material, the Property module is used. The Load module defines the boundary conditions and 

the loads. In this analysis only mechanical boundary conditions were applied and the gravity 

load was taken into account. The analysis of both frequencies and dynamic loads were 

defined in the Step module, using a linear perturbation step to analyze the linear problem.     

3.3 FE model 

The model of the bridge consists of a two dimensional frame, since the width of the deck is 

slightly shorter than the half of its span. The main parts of the model are two columns 

supporting the main horizontal beam. This beam has the x-axis direction (axis 1 in ABAQUS) 

and the columns are orientated in the y-axis direction (or axis 2). The z-axis (or axis 3) 

represents the transversal direction from a global cartesian coordinate model. To define and 

analyze the model, International System units were used. In the worst case, with high stresses, 

for a reinforced concrete structure, the damping value would be ξ=0.5% (see Table 1). The 

chosen damping value was the same for the whole structure [1]. 

Both the beam and the columns have been modeled using a rectangular profile predefined in 

ABAQUS. As a result of slenderness assumptions, the element type chosen was the beam 21, 

i.e. shear-deformable beams. The deck has a constant section, although the density of the 

concrete was increased to add the weight of the ballast. However, due to the variation of the 

walls’ thickness, it was convenient to define four different sections, with different 

dimensions, to model the columns. The partition tool in ABAQUS can be used to assign these 

different sections to each part of the columns. The effect of the track has been neglected.  

The physical properties are: 

- Elastic modulus:           

- Poisson modulus:         

- Density of concrete (without ballast):                 
  

    

- Deck section:                         
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- Mass of the deck:              
  

   

- Density of the ballast:               
  

    

- Ballast section:                    

- Mass of the ballast:               
  

   

- Total mass:              
  

   

- Density of the equivalent section (including the ballast):  

     
      

     
       

  
    

And the properties of the different sections of the columns are: 

 

Figure 7. Sketch of the geometry of the bridge  

 

Table 2. Section properties of the columns 

 Section I Section II Section III Section IV 

Height (m) 0.8 0.9 1 1.1 

Width (m) 6.8 6.8 6.8 6.8 

Area (m
2
) 5.44 6.12 6.8 7.48 

Moment of inertia (m
4
) 0.29 0.413 0.567 0.754 
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3.4 Gröna Tåget 

The Gröna Tåget (Green Train) is a prototype train developed by the Swedish Transport 

Admininstration to suit all the Nordic requirements. The aim was to develop a transport mode 

with shorter travelling times, lower prices, a higher level of comfort and with less impact on 

the environment. Then, the Gröna Tåget is attractive for the passengers [16]. 

Several tests were carried out with the Regina Gröna Tåget test train since 2006 (see Figure 

8). This train was designed with the latest technology for high speed operation in the Swedish 

railways. KTH was involved in those tests, among other companies [16].  

 

Figure 8. Regina Gröna Tåget during one test (from [16]). 

3.5 Results from dynamic analysis 

In this section, the results of the analysis of a frame bridge are presented. The Rössjö Bridge, 

located on the Bothnia railway line, in Sweden, has been studied using the finite elements 

software ABAQUS. The study focused on the dynamic behavior of the bridge observed by 

varying the vertical stiffness between the structure and the surrendered soil. In order to model 

the dynamic load due to a train crossing the bridge, the pre-processing MATLAB code 

attached in Appendix B have been used. The final results have been compared with the real 

in-situ measurements, in section 3.6, to validate the model. 

Firstly, the effect of the variation of the vertical support stiffness when a high speed train is 

running over the bridge has been studied. Since the measurements available were taken with 

the Gröna Tåget, the results shown in this section are based on a model of this train as moving 

forces.  
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3.5.1 Eigenfrequencies 

As it was mentioned, a study of the vertical support stiffness has been done. At the beginning 

both the vertical and the horizontal displacements were locked and the rotation is free at the 

supports, i.e. it is a simple supported model. Then the supports were replaced by vertical 

springs, even though the horizontal displacement was locked and the rotation was free during 

the whole analysis. Since the stiffness of the soil varies from 1·10
8
 N/m for soft clays up to 

1·10
11

 N/m for solid bedrock, a wide range of values were checked in order to cover all 

possible cases.  

Table 3. Effect of the vertical support stiffness on the bending frequencies of the first nine modes of 

vibration (frequency up to 90Hz) 

Vertical 

support 

stiffness 

(N/m) 

Frequency of modes of vibration (Hz) 

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 

5.00E+07 2.1405 3.7488 11.717 25.732 33.662 38.371 49.687 58.814 85.987 

1.00E+08 2.9820 4.5864 11.887 25.764 33.662 38.377 49.690 58.823 85.994 

2.00E+08 4.0870 5.9024 12.250 25.828 33.663 38.389 49.695 58.842 86.009 

3.00E+08 4.8447 6.9587 12.640 25.895 33.664 38.402 49.701 58.861 86.023 

4.00E+08 5.4104 7.8605 13.053 25.964 33.665 38.414 49.707 58.880 86.038 

5.00E+08 5.8492 8.6559 13.482 26.035 33.666 38.427 49.713 58.899 86.052 

6.00E+08 6.1973 9.3718 13.921 26.109 33.668 38.440 49.719 58.918 86.067 

7.00E+08 6.4782 10.025 14.366 26.186 33.669 38.454 49.726 58.938 86.082 

1.00E+09 7.0581 11.706 15.699 26.431 33.672 38.496 49.744 58.997 86.126 

5.00E+09 8.3315 20.199 28.134 31.449 33.812 39.577 50.027 59.917 86.729 

1.00E+10 8.4908 21.852 33.410 35.514 36.777 43.650 50.491 61.458 87.524 

5.00E+10 8.6153 22.832 33.581 37.252 47.110 53.498 65.791 77.172 
 

1.00E+11 8.6306 22.930 33.587 37.341 47.723 54.263 71.362 85.785 
 

5.00E+11 8.6428 23.006 33.592 37.404 48.068 54.806 75.390 
  

1.00E+12 8.6444 23.015 33.592 37.411 48.104 54.869 75.824 
  

Simple 

supported 
8.6453 23.023 33.592 37.418 48.137 54.927 76.236 
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For this first study the longitudinal displacement at one of the ends of the deck was locked, 

since the embankment was considered stiff enough, and this fact do not affect the vertical 

bending mode analysis. 

First of all, a study of the different eigenfrequencies had been done. In a FE two dimensional 

model not torsional modes of vibration can be analyzed. In this case, frequencies up to 90 Hz 

were studied (see Table 3 above). The dashed line shows the number of modes with frequency 

lower than 30Hz. According to the following results, one can observe that as the vertical 

stiffness of the supports increases, also the bending frequency of the first modes of vibration 

of the frame structure increases. Furthermore, when the vertical stiffness reaches a certain 

value, the number of modes of vibration obtained is reduced if the maximum frequency 

remains constant.  

Figure 9 and figure 10 show the variation of the bending frequencies when the vertical 

support stiffness varies. In the x-axis the modes of vibration are presented and the bending 

frequencies values are shown in the y-axis. 

 

Figure 9. Effect of the vertical support stiffness in the bending frequencies up to 90 Hz 

As the figure 9 shows, when the vertical stiffness is higher than 5·10
10 

N/m, the effect in the 

bending frequencies of the first six modes of vibration is negligible. However, with vertical 

stiffness values between 5·10
7
 N/m and 1·10

9
 N/m, only differences in the first three modes 

of vibration are observed (see Figure 10).  
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Figure 10. Effect of the lowest vertical support stiffness values in the first four bending frequencies 

 

3.5.2 Mode shapes 

In the following, the effect of the vertical support stiffness on the modes of vibration in the 

frame structure has been studied in detail.  

Figure 11 shows the mode shapes for the first nine bending modes of vibration, for different 

support stiffness.  

The first mode is a symmetric mode. When the vertical support stiffness value is low, a 

vertical translation is observed. Then, as this stiffness value increases, the bending effect in 

the beam is also increasing. In any case, the vertical displacement of the node located at the 

midspan is the same. 

Just like in the aforementioned case, studying the second mode of vibration it is obvious that 

the bending effect appears when the vertical stiffness increases, not only in the main beam, 

but also in the side walls. Although the maximum value of the displacement is similar in any 

case, the node where it is measured is different, because the sign of the displacements in each 

node changes for the stiffness 5·10
8
 N/m and 5·10

9
 N/m. In this case, the mode of vibration is 

asymmetric.   
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Figure 11. Displacement of the frame nodes for the nine first modes of vibration, for different vertical 

support stiffness 

 

Observing the third mode of vibration one can affirm that the behavior of the frame structure 

for varying the vertical support stiffness is similar, but the bending effect is larger than in the 

first two modes. The vertical displacement at the ends of the main beam tends to zero when 

the vertical support stiffness increases. 

Fourth mode of vibration is an asymmetric case, with a frequency near to 30 Hz. From the 

fifth mode, the bending frequency is higher than 30 Hz. According to the Eurocode, it is 

sufficient to take into account frequencies up to 30 Hz if it includes at least three modes of 

vibration [2]. 

3.5.3 Time convergence 

Usually, one can use the following approximation of the time increment used to analyze the 

computational model: 

   
 

       
 

If 90Hz is used as a maximum frequency, the time increment should be equal or less than 

0.0011 seconds. If the maximum frequency is 30Hz, then the time increment should be equal 

or less than 0.0033 seconds. Figure 12 shows the differences when the time increment 

changes from 0.011 seconds to 0.0005 seconds, if the Gröna Tåget is running from 150 km/h 

up to 300 km/h and the maximum frequency taking into account is 90Hz. The vertical support 

stiffness considered is 10
8
 N/m in this case. Due to the time consumed when taking a really 

low value for the time increment, in this study a time increment of 0.0011 seconds was used 

for the dynamic analysis. It can be noted in Figure 12 that the results are accurate enough.  
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Figure12.  Maximum acceleration at the midspan section when the Gröna Tåget is running at different 

speeds and the time increment varies (when the frequency is up to 90Hz and vertical support stiffness 

is equal to 10
8 
N/m). 

  

3.5.4 Vertical deck accelerations for the Gröna Tåget 

Since the measurements available were obtained from different accelerometers located on the 

deck of the real structure, a study of the accelerations of the FE model is needed. Only vertical 

acceleration is taking into account in this section. 

To start with, it is interesting to know how the position of the maximum acceleration varies 

with the vertical support stiffness. Obviously, it is not necessarily that the midspan is the most 

unfavorable section. One can observe in Figure 13 below the position of the absolute 

maximum acceleration along the beam when the Gröna Tåget is running at speed of 200 km/h 

and including frequencies up to 90 Hz.   
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Figure 13. Variation of absolute maximum acceleration along the slab for different vertical support 

stiffness (when the Gröna Tåget speed is 200km/h and modes up to 90Hz are included). 

As seen, in any case the absolute maximum acceleration is not located on the centre of the 

beam. Also the maximum acceleration limit of 3.5 m/s
2
 established in the Eurocode is not 

exceeded under the conditions explained above [2]. The maximum acceleration was found at 

one end of the beam when the vertical support stiffness was equal to 1·10
10 

N/m and its value 

was 3.56 m/s
2
, what is close to the Eurocode limit.   

In spite of these results, the midspan section has been checked in next trials owing to the fact 

that the accelerometers were located there. Then these results are indispensable to validate the 

model.  

Hence, in Figures 14 and 15, absolute maximum acceleration at midspan for different vertical 

support stiffness is presented. One can assume, for the conditions established in this study, 

that a maximum acceleration of 2.82 m/s
2
 arises at the midspan of the deck when 6·10

8
 N/m is 

the vertical support stiffness and the Gröna Tåget is running at 200 km/h. When the Gröna 

Tåget is running at 280 km/h, the maximum acceleration arises when the stiffness is equal to 

1·10
8
 N/m. 



 

18 

 

Figure 14. Absolute maximum acceleration at midspan for different values of the vertical support 

stiffness when the Gröna Tåget speed is 200 km/h. 

 

 

Figure 15. Absolute maximum acceleration at midspan for different values of the vertical support 

stiffness when the Gröna Tåget speed is 280 km/h. 
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3.5.5 Effect of the HSLM-A trains 

According to the code, the Universal Train HSLM models should be also used in the analysis. 

Due to the length of the bridge span, only the HSLM-A train models need to be studied [2]. 

After the observation of all the HSLM-A train types (see Appendix-A), the maximum values 

for the vertical acceleration at the midspan are observed when the train HSLM-A 2 is 

evaluated. Figure 16 below show the results when this train is running at different speeds, 

taking into account frequencies up to 30Hz and when the vertical support stiffness is 1∙10
8
 

N/m. Infinite vertical support stiffness means that the bridge model used is the simple 

supported (see section 3.5.1). 

 

Figure 16. Maximum acceleration arised at the midspan of the bridge when the HSLM-A 2 train is 

running at different speeds (including modes up to 30Hz and different vertical support stiffness). 

 

If only high values of the vertical support stiffness are evaluated, then the most unfavourable 

train type is HSLM-A 7, see Figure 17. 
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Figure 4. Maximum acceleration arised at the midspan of the bridge when the HSLM-A 7 train is 

running at different speeds (including modes up to 30Hz and including different vertical support 

stiffness). 

3.6 Real measurements 

To test the bridge with the Gröna Tåget, eight accelerometers were placed along a line, 

located 1.5 meters from the midspan of the bridge, as shown in Figure 18 and Figure 19. 

 

 

Figure 18. Position of the accelerometers on the deck, 1.5 m from the midspan. 
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Figure 19. Accelerometer located on one of the edge beams. 

 

Only the results from the vertical accelerometers V1 and V2, located on the edge beams, are 

used to in this study.  

In order to compare with the theoretical model, the measured data was filtered up to 90Hz and 

30Hz to plot the diagrams. First, Figure 20 show the peaks of frequency when the bridge was 

tested with the Gröna Tåget running at speeds of 200 km/h. Since the maximum value of the 

acceleration at the midspan arises when the train speed is 280 km/h, as the results above 

show, the same diagram was plot for this speed value (see Figure 21). 
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Figure 20. Frequency spectrum when the Gröna Tåget is running at 200 km/h 
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Figure 21. Frequency spectrum when the Gröna Tåget is running at 280 km/h 

For the low frequencies both curves are identical.  

Observing these Figure 20 and Figure 21 one can assume that the three first modes of 

vibration appear when the frequency is around 3Hz, 5Hz and 12Hz. These values are obtained 

for the theoretical model when the vertical support stiffness is around 1∙10
8
 N/m (see Table 

3). So the Rössjö bridge may be founded on a soft clay. 
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Also the accelerations are analyzed in this study. Due to the same reasons as in the frequency 

study, accelerations at speeds of 200 km/h and 280 km/h are presented (see Figure 22 and 

Figure 23).  

 

Figure 22. Acceleration of the accelerometre on the edge beam when the Gröna Tåget is running at 

200 km/h 

 

Figure 23. Acceleration of the accelerometre on the edge beam when the Gröna Tåget in running at 

280 km/h 

In the first diagram a maximum acceleration of 2.5 m/s
2
 is arised when the signal is filtered up 

to 90Hz and 0.7 m/s
2
 when is filtered up to 30Hz. In the second diagram, a maximum 

acceleration of 4.3 m/s
2
 is observed when the signal is filtered up to 90Hz and it is only 1 m/s

2
 

when the signal is filtered up to 30Hz.  
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Finally, a general view of the maximum accelerations arise during the tests in one of the 

vertical accelerometers located on the edge beam, for different train speeds, is presented. 

Figure 22 shows the maximum accelerations when the signal is filtered up to 90Hz and Figure 

23 when the signal is filtered up to 30Hz. For Figure 22 is also drawn a continue line that 

shows the results of the theoretical model when the bridge is subjected to the Gröna Tåget 

moving load, modes up to 90Hz are included and the vertical support stiffness is 1∙10
8 

N/m. 

Again and when the train is running at speeds between 200-250 km/h, the results from the 

theoretical model with a vertical support stiffness of 1∙10
8
 N/m are similar to the in-situ 

measurements. 

 

 

Figure 22. Maximum acceleration measured during different tests with the Gröna Tåget (signal 

filtered up to 90Hz), compared with the results from the theoretical model when the vertical support 

stiffness is equal to 1∙10
8 
N/m. 
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Figure 23. Maximum acceleration measured during different tests with the Gröna Tåget (signal 

filtered up to 30Hz) 
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4  

 

Conclusions and suggestions for 

further research 

4.1 Conclusions 

The effect of varying the vertical support stiffness on the dynamic response of the Rössjö 

frame bridge has been studied. A FE model was developed and compared with some real 

measurements. The eigenfrequencies and mode shapes of the structure and the vertical 

accelerations on the deck were investigated when high speed trains cross over the bridge. 

Finally, the following conclusions can be deduced: 

- When the value of the vertical support stiffness is around 1∙10
8 

N/m, the maximum 

accelerations obtained from the theoretical model are similar to the accelerations 

measured. This value agrees with soft clays.  

- Also the frequencies of the first three modes of vibration from the measurements are 

obtained from the theoretical model when the value of the vertical support stiffness is 

1∙10
8 

N/m. However, it is not possible to obtain a reliable conclusion only evaluating 

the vertical support stiffness and no other parameters.    

- The maximum vertical acceleration limit from the Eurocode of 3.5 m/s
2
 is not 

exceeded when only frequencies up to 30Hz are taken into account and the Gröna 

Tåget in running up to 240 km/h. But higher vertical accelerations are observed from 

train speeds of 240 km/h. 

- The maximum accelerations observed at the midspan when the HSLM-A trains are 

running at speeds up to 300 km/h are not higher than the limit from the Eurocode, 

when the vertical support stiffness is at least 1·10
10 

N/m. But when the value of the 

vertical support stiffness is lower, this limit is exceeded for every HSLM-A train type. 

- Finally, it was not possible to calibrate the FE model by just adjusting the vertical 

support stiffness. A more complex model is absolutely necessary to achieve an 

agreement between a theoretical model and the real dynamic behavior of this type of 

bridges.  

Chapter 
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4.2 Further research 

Only one parameter was studied; the vertical support stiffness. But also both the horizontal 

and the rotational stiffness at the supports should be investigated to obtain a realistic model of 

the foundation of the frame bridge. Furthermore, because the structure is a frame bridge, the 

effect of the soil behind the side walls should be checked. 

In addition, since the length of the span is not much larger than twice the width of the deck, a 

3D model could better reflect the real behavior of this bridge.  
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A  

 

HSLM-A figures 

 

Figure A. 1. Maximum vertical acceleration at the midspan when the HSLM-A 1 is running at different 

speeds (cut frequency at 30Hz)  

 

Appendix 
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Figure A. 2. Maximum vertical acceleration at the midspan when the HSLM-A 2 is running at different 

speeds (cut frequency at 30Hz) 

 

 

Figure A. 3. Maximum vertical acceleration at the midspan when the HSLM-A 3 is running at different 

speeds (cut frequency at 30Hz)  
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Figure A. 4. Maximum vertical acceleration at the midsapn when the HSLM-A 4 is running at different 

speeds (cut frequency at 30Hz) 

 

 

Figure A. 5. Maximum vertical acceleration at the midsapn when the HSLM-A 5 is running at different 

speeds (cut frequency at 30Hz)  
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Figure A. 6. Maximum vertical acceleration at the midsapn when the HSLM-A 6 is running at different 

speeds (cut frequency at 30Hz) 

 

Figure A. 7. Maximum vertical acceleration at the midsapn when the HSLM-A 7 is running at different 

speeds (cut frequency at 30Hz)  
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Figure A. 8. Maximum vertical acceleration at the midsapn when the HSLM-A 8 is running at different 

speeds (cut frequency at 30Hz) 

 

Figure A. 9. Maximum vertical acceleration at the midsapn when the HSLM-A 9 is running at different 

speeds (cut frequency at 30Hz) 
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Figure A. 10. Maximum vertical acceleration at the midsapn when the HSLM-A 10 is running at 

different speeds (cut frequency at 30Hz) 
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B  

 

Matlab codes 

Mode Plotter 

To plot the displacement due to the different modes of vibration and obtain a graph with the 

mode shapes. 

coords = coordinates; 
elements = elements_model; 

  
modes = displacements; 

  
x = coords(:,2); 
y = coords(:,3); 

  
for modenr = 1:size(modes,1); 
U1 = modes(modenr,2:101); 
U2 = modes(modenr,102:201); 

  
figure, hold on 
 for el = 1:size(elements,1) 

     
    node1 = elements(el,2); 
    node2 = elements(el,3); 

     
   elx = [x(node1) x(node2)]; 
   ely = [y(node1) y(node2)]; 

  
    elU1 = [U1(node1) U1(node2)]; 
    elU2 = [U2(node1) U2(node2)]; 

     
    plot(elx,ely,'k') 
    plot(elx+elU1,ely+elU2,'b') 
    title(modenr) 

     
 end 
 end 
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Create Rössjö Bridge 

To create the geometry, boundary conditions and frequency step of the Rössjö bridge. The 

vertical support stiffnes and the maximum frequency can be chosen for the user. 

function [WriteBridge,el,modes]=CreateRossjoBridge(k,f) 

  
%%Name of the output file created 
WriteBridge='Rössjö'; 

  
%%Bridge parameters 

  
Node=100; %number of nodes 
el=Node-1; 
fmax=f; 
modes=10; 
stiff=k; 

  
%%Input text 
WriteFile=fopen([WriteBridge '.inp'], 'w+'); 

  
Text=['HEADING\n'...  

'** Generated by: Abaqus/CAE 6.9-EF1\n']; 
fprintf(WriteFile,Text); 

  
%Nodes and elements  
Text=['*Node\n'... 
'      1,           0.,  0.200000003\n' ... 
'      2,           0.,   1.87750006\n' ... 
'      3,           0.,   3.53822494\n' ... 
'      4,           0.,   5.22411251\n' ... 
'      5,           0.,   6.90999985\n' ... 
'      6,        15.25,   6.92999983\n' ... 
'      7,        15.25,   5.19750023\n' ... 
'      8,        15.25,   3.48232508\n' ... 
'      9,        15.25,   1.74116254\n' ... 
'     10,        15.25,           0.\n' ... 
'     11,           0.,  0.479583323\n' ... 
'     12,           0.,  0.759166658\n' ... 
'     13,           0.,   1.03875005\n' ... 
'     14,           0.,   1.31833339\n' ... 
'     15,           0.,   1.59791672\n' ... 
'     16,           0.,   2.15428758\n' ... 
'     17,           0.,    2.4310751\n' ... 
'     18,           0.,   2.70786262\n' ... 
'     19,           0.,    2.9846499\n' ... 
'     20,           0.,   3.26143742\n' ... 
'     21,           0.,   3.81920624\n' ... 
'     22,           0.,    4.1001873\n' ... 
'     23,           0.,   4.38116884\n' ... 
'     24,           0.,   4.66214991\n' ... 
'     25,           0.,   4.94313145\n' ... 
'     26,           0.,   5.50509357\n' ... 
'     27,           0.,   5.78607512\n' ... 
'     28,           0.,   6.06705618\n' ... 
'     29,           0.,   6.34803772\n' ... 
'     30,           0.,   6.62901878\n' ... 
'     31,  0.299019605,   6.91039228\n' ... 
'     32,   0.59803921,   6.91078424\n' ... 
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'     33,  0.897058845,   6.91117668\n' ... 
'     34,   1.19607842,   6.91156864\n' ... 
'     35,   1.49509799,    6.9119606\n' ... 
'     36,   1.79411769,   6.91235304\n' ... 
'     37,   2.09313726,     6.912745\n' ... 
'     38,   2.39215684,   6.91313744\n' ... 
'     39,   2.69117641,    6.9135294\n' ... 
'     40,   2.99019599,   6.91392136\n' ... 
'     41,    3.2892158,   6.91431379\n' ... 
'     42,   3.58823538,   6.91470575\n' ... 
'     43,   3.88725495,   6.91509819\n' ... 
'     44,   4.18627453,   6.91549015\n' ... 
'     45,   4.48529434,   6.91588259\n' ... 
'     46,   4.78431368,   6.91627455\n' ... 
'     47,   5.08333349,   6.91666651\n' ... 
'     48,   5.38235283,   6.91705894\n' ... 
'     49,   5.68137264,    6.9174509\n' ... 
'     50,   5.98039198,   6.91784334\n' ... 
'     51,   6.27941179,    6.9182353\n' ... 
'     52,   6.57843161,   6.91862726\n' ... 
'     53,   6.87745094,    6.9190197\n' ... 
'     54,   7.17647076,   6.91941166\n' ... 
'     55,   7.47549009,    6.9198041\n' ... 
'     56,   7.77450991,   6.92019606\n' ... 
'     57,   8.07352924,   6.92058802\n' ... 
'     58,   8.37254906,   6.92098045\n' ... 
'     59,   8.67156887,   6.92137241\n' ... 
'     60,   8.97058868,   6.92176485\n' ... 
'     61,   9.26960754,   6.92215681\n' ... 
'     62,   9.56862736,   6.92254925\n' ... 
'     63,   9.86764717,   6.92294121\n' ... 
'     64,    10.166667,   6.92333317\n' ... 
'     65,   10.4656858,   6.92372561\n' ... 
'     66,   10.7647057,   6.92411757\n' ... 
'     67,   11.0637255,      6.92451\n' ... 
'     68,   11.3627453,   6.92490196\n' ... 
'     69,   11.6617651,   6.92529392\n' ... 
'     70,    11.960784,   6.92568636\n' ... 
'     71,   12.2598038,   6.92607832\n' ... 
'     72,   12.5588236,   6.92647076\n' ... 
'     73,   12.8578434,   6.92686272\n' ... 
'     74,   13.1568632,   6.92725468\n' ... 
'     75,   13.4558821,   6.92764711\n' ... 
'     76,   13.7549019,   6.92803907\n' ... 
'     77,   14.0539217,   6.92843151\n' ... 
'     78,   14.3529415,   6.92882347\n' ... 
'     79,   14.6519604,   6.92921591\n' ... 
'     80,   14.9509802,   6.92960787\n' ... 
'     81,        15.25,   6.64125013\n' ... 
'     82,        15.25,   6.35249996\n' ... 
'     83,        15.25,   6.06374979\n' ... 
'     84,        15.25,    5.7750001\n' ... 
'     85,        15.25,   5.48624992\n' ... 
'     86,        15.25,   4.91163731\n' ... 
'     87,        15.25,   4.62577486\n' ... 
'     88,        15.25,   4.33991241\n' ... 
'     89,        15.25,   4.05404997\n' ... 
'     90,        15.25,   3.76818752\n' ... 
'     91,        15.25,   3.19213128\n' ... 
'     92,        15.25,   2.90193748\n' ... 
'     93,        15.25,   2.61174369\n' ... 
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'     94,        15.25,   2.32154989\n' ... 
'     95,        15.25,   2.03135633\n' ... 
'     96,        15.25,   1.45096874\n' ... 
'     97,        15.25,   1.16077495\n' ... 
'     98,        15.25,  0.870581269\n' ... 
'     99,        15.25,  0.580387473\n' ... 
'    100,        15.25,  0.290193737\n' ... 
'*Element, type=B21\n' ... 
'1,  1, 11\n' ... 
'2, 11, 12\n' ... 
'3, 12, 13\n' ... 
'4, 13, 14\n' ... 
'5, 14, 15\n' ... 
'6, 15,  2\n' ... 
' 7,  2, 16\n' ... 
' 8, 16, 17\n' ... 
' 9, 17, 18\n' ... 
'10, 18, 19\n' ... 
'11, 19, 20\n' ... 
'12, 20,  3\n' ... 
'13,  3, 21\n' ... 
'14, 21, 22\n' ... 
'15, 22, 23\n' ... 
'16, 23, 24\n' ... 
'17, 24, 25\n' ... 
'18, 25,  4\n' ... 
'19,  4, 26\n' ... 
'20, 26, 27\n' ... 
'21, 27, 28\n' ... 
'22, 28, 29\n' ... 
'23, 29, 30\n' ... 
'24, 30,  5\n' ... 
'25,  5, 31\n' ... 
'26, 31, 32\n' ... 
'27, 32, 33\n' ... 
'28, 33, 34\n' ... 
'29, 34, 35\n' ... 
'30, 35, 36\n' ... 
'31, 36, 37\n' ... 
'32, 37, 38\n' ... 
'33, 38, 39\n' ... 
'34, 39, 40\n' ... 
'35, 40, 41\n' ... 
'36, 41, 42\n' ... 
'37, 42, 43\n' ... 
'38, 43, 44\n' ... 
'39, 44, 45\n' ... 
'40, 45, 46\n' ... 
'41, 46, 47\n' ... 
'42, 47, 48\n' ... 
'43, 48, 49\n' ... 
'44, 49, 50\n' ... 
'45, 50, 51\n' ... 
'46, 51, 52\n' ... 
'47, 52, 53\n' ... 
'48, 53, 54\n' ... 
'49, 54, 55\n' ... 
'50, 55, 56\n' ... 
'51, 56, 57\n' ... 
'52, 57, 58\n' ... 
'53, 58, 59\n' ... 
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'54, 59, 60\n' ... 
'55, 60, 61\n' ... 
'56, 61, 62\n' ... 
'57, 62, 63\n' ... 
'58, 63, 64\n' ... 
'59, 64, 65\n' ... 
'60, 65, 66\n' ... 
'61, 66, 67\n' ... 
'62, 67, 68\n' ... 
'63, 68, 69\n' ... 
'64, 69, 70\n' ... 
'65, 70, 71\n' ... 
'66, 71, 72\n' ... 
'67, 72, 73\n' ... 
'68, 73, 74\n' ... 
'69, 74, 75\n' ... 
'70, 75, 76\n' ... 
'71, 76, 77\n' ... 
'72, 77, 78\n' ... 
'73, 78, 79\n' ... 
'74, 79, 80\n' ... 
'75, 80,  6\n' ... 
'76,  6, 81\n' ... 
'77, 81, 82\n' ... 
'78, 82, 83\n' ... 
'79, 83, 84\n' ... 
'80, 84, 85\n' ... 
'81, 85,  7\n' ... 
'82,  7, 86\n' ... 
'83, 86, 87\n' ... 
'84, 87, 88\n' ... 
'85, 88, 89\n' ... 
'86, 89, 90\n' ... 
'87, 90,  8\n' ... 
'88,  8, 91\n' ... 
'89, 91, 92\n' ... 
'90, 92, 93\n' ... 
'91, 93, 94\n' ... 
'92, 94, 95\n' ... 
'93, 95,  9\n' ... 
' 94,   9,  96\n' ... 
' 95,  96,  97\n' ... 
' 96,  97,  98\n' ... 
' 97,  98,  99\n' ... 
' 98,  99, 100\n' ... 
' 99, 100,  10\n' ... 
'*Nset, nset=DECK\n'... 
' 5, 6, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44\n'... 
' 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60\n'... 
' 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76\n'... 
' 77, 78, 79, 80\n'... 
'*Elset, elset=DECK\n'... 
' 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39\n' ... 
' 40, 41, 42, 43, 44, 45\n'... 
' 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60\n'... 
' 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75\n'... 
'*Nset, nset=BEAM1\n'... 
'  1, 2, 11, 12, 13, 14, 15, 9, 10, 96, 97, 98, 99, 100\n'... 
'*Elset, elset=BEAM1\n'... 
'  1,  2,  3,  4,  5, 6, 94, 95, 96, 97, 98, 99\n'... 
'*Nset, nset=BEAM2\n'... 
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'  2, 3, 16, 17, 18, 19, 20, 8, 9, 91, 92, 93, 94, 95\n'... 
'*Elset, elset=BEAM2\n'... 
'  7,  8,  9, 10, 11, 12, 88, 89, 90, 91, 92, 93\n'... 
'*Nset, nset=BEAM3\n'... 
'  3,  4, 21, 22, 23, 24, 25, 7, 8, 86, 87, 88, 89, 90\n'... 
'*Elset, elset=BEAM3\n'... 
' 13, 14, 15, 16, 17, 18, 82, 83, 84, 85, 86, 87\n'... 
'*Nset, nset=BEAM4\n'... 
'  4,  5, 26, 27, 28, 29, 30, 6, 7, 81, 82, 83, 84, 85\n'... 
'*Elset, elset=BEAM4\n'... 
' 19, 20, 21, 22, 23, 24, 76, 77, 78, 79, 80, 81\n' ... 
'*Elset, elset=ALL\n'... 
' 1, 99, 1\n' ... 
'*Element, type=Spring1, elset=VerticlaSpring-spring\n'... 
'100, 1\n'... 
'101, 100\n'... 
'*Spring, elset=VerticlaSpring-spring\n'... 
'2\n' ... 
num2str(stiff) '\n']; 

  
fprintf(WriteFile,Text); 

  
%Material and section 
Text=['** MATERIALS\n' ... 
'** \n' ... 
'*Material, name=Ballast+Deck\n' ... 
'*Density\n' ... 
' 3593.5,\n' ... 
'*Elastic\n' ... 
' 3.2e+10, 0.25\n' ... 
'*Material, name="Reinforced concrete"\n' ... 
'*Density\n' ... 
'2500.,\n' ... 
'*Elastic\n' ... 
' 3.2e+10, 0.25\n' ... 
'** Section: Section-1  Profile: Profile-1\n' ... 
'*Beam Section, elset=BEAM1, material="Reinforced concrete", 

temperature=GRADIENTS, section=RECT\n' ... 
'6.8, 0.8\n' ... 
'0.,0.,-1.\n' ... 
'** Section: Section-2  Profile: Profile-2\n' ... 
'*Beam Section, elset=BEAM2, material="Reinforced concrete", 

temperature=GRADIENTS, section=RECT\n' ... 
'6.8, 0.9\n' ... 
'0.,0.,-1.\n' ... 
'** Section: Section-3  Profile: Profile-3\n' ... 
'*Beam Section, elset=BEAM3, material="Reinforced concrete", 

temperature=GRADIENTS, section=RECT\n' ... 
'6.8, 1.\n' ... 
'0.,0.,-1.\n' ... 
'** Section: Section-4  Profile: Profile-4\n' ... 
'*Beam Section, elset=BEAM4, material="Reinforced concrete", 

temperature=GRADIENTS, section=RECT\n' ... 
'6.8, 1.1\n' ... 
'0.,0.,-1.\n' ... 
'** Section: Deck  Profile: Deck\n' ... 
'*Beam Section, elset=DECK, material=Ballast+Deck, temperature=GRADIENTS, 

section=RECT\n' ... 
'6.8, 0.85\n' ... 
'0.,0.,-1.\n']; 
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fprintf(WriteFile,Text); 

  
%Boundary conditions 
Text=['** BOUNDARY CONDITIONS\n'... 
'** \n'... 
'** Name: Horizontal Type: Displacement/Rotation\n'... 
'*Boundary\n'... 
'1, 1, 1\n'... 
'100, 1, 1\n'... 
'** Name: Corner Type: Displacement/Rotation\n'... 
'*Boundary\n'... 
'75, 1, 1\n'... 
'** ----------------------------------------------------------------\n']; 
fprintf(WriteFile,Text); 

  
%Step: Static load 
Text=['** STEP: Death load\n'... 
'*Step, name="Death load"\n'... 
'*Static\n'... 
'1., 1., 1e-05, 1.\n'... 
'** LOADS \n'... 
'** Name: Self weight   Type: Gravity\n'... 
'*Dload\n'... 
' ALL, GRAV, 9.81, 0., -1.\n'... 
'** OUTPUT REQUESTS\n' ... 
'** \n' ... 
'*Restart, write, frequency=0\n' ... 
'** \n' ... 
'** FIELD OUTPUT: F-Output-1\n' ... 
'** \n' ... 
'*Output, field, variable=PRESELECT\n' ... 
'** \n' ... 
'** HISTORY OUTPUT: H-Output-1\n' ... 
'** \n' ... 
'*Output, history, variable=PRESELECT\n' ... 
'*End Step\n']; 
fprintf(WriteFile,Text); 

  
%Eigenfrequencies 
Text=['** STEP: Frequency\n'... 
'** \n'... 
'*Step, name=Frequency, perturbation\n'... 
'*Frequency, eigensolver=Lanczos, acoustic coupling=on, 

normalization=displacement\n'... 
', ,' num2str(fmax) '., , , \n'... 
'** \n'... 
'** OUTPUT REQUESTS\n' ... 
'** \n' ... 
'*Restart, write, frequency=0\n' ... 
'** \n' ... 
'** FIELD OUTPUT: F-Output-2\n' ... 
'** \n' ... 
'*Output, field, variable=PRESELECT\n' ... 
'*End Step\n']; 
fprintf(WriteFile,Text); 
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Moving Load (from John Leander) 

To model the dynamic step, the amplitudes and the concentrated loads to apply the Gröna 

Tåaget to an ABAQUS input. 

function step = MovingLoad(fname, crds, Pa, v, inst) 
% _____________________________________________________________________ 
% 
% Moving loads in Abaqus. A function for creating amplitude functions 
% and load description to copy in to an Abaqus inp-file. 
%  
% Input:  fname - The name of the file where the result is supposed to be 
%                 saved. 
%         crds  - a matrix containing the coordinates of the loaded path; 
%                 crds(:, 1) = node number 
%                 crds(:, 2) = x-coordinate 
%                 crds(:, 3) = y-coordinate 
%                 crds(:, 4) = z-coordinate 
%         Pa      a matrix containing the load definition;  
%                 Pa(:, 1) = distance 
%                 Pa(:, 2) = axle load 
%         v     - the speed of the train (in meter/second if crds is in 
%                 meters). 
%         inst  - the name of the instance containing the nodes of the load 
%                 path (optional) 
% 
% Output: step  - step(1) = the total step time 
%                 step(2) = the maximum time increment 
%                 step(3) = total number of increments 
%  
% Created by John Leander, KTH 2010. 
% _____________________________________________________________________ 
% 
% 
if ~exist('inst', 'var') 
    inst = ''; 
end 

  
% Create input file 
fid = fopen(fname, 'w'); 

  
v=v/3.6; 
ds = 1; 
T  = 0; 
nn = length(crds(:, 1)); 

  
% Amplitudes 
fprintf(fid, '** AMPLITUDES ** \n'); 
s = zeros(nn, 1); 
for n = 2:nn 
    [th, s1, z1] = cart2pol(crds(n, 2)-crds(n-1, 2), ... 
        crds(n, 3)-crds(n-1, 3), crds(n, 4)-crds(n-1, 4)); 
    s(n) = s(n-1) + s1; 
end 
for n = 1:nn 
    fprintf(fid, ['*Amplitude, name=AmpN' num2str(crds(n, 1)) ' \n']); 
    if n > 1; s1 = s(n) - s(n-1); else s1 = s(n+1) - s(n); end 
    if n < nn; s2 = s(n+1) - s(n); else s2 = s(n) - s(n-1); end 
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    amp = zeros(length(Pa(:, 1)) * 3, 2); 
    for m = 1:length(Pa(:, 1)) 
        amp(3*m-2, 1) = (s(n) + Pa(m, 1) - s1) / v; 
        amp(3*m-2, 2) = 0; 
        amp(3*m-1, 1) = (s(n) + Pa(m, 1)) / v; 
        amp(3*m-1, 2) = Pa(m, 2); 
        amp(3*m, 1) = (s(n) + Pa(m, 1) + s2) / v; 
        amp(3*m, 2) = 0; 
    end 
    AmpS = ''; 
    for m = 1:length(amp(:, 1)) 
        if ~isempty(AmpS) 
            AmpS = [AmpS ', ' num2str(amp(m, 1)) ', ' num2str(amp(m, 2))]; 
        else 
            AmpS = [num2str(amp(m, 1)) ', ' num2str(amp(m, 2))]; 
        end 
        if mod(m, 4) == 0 
            fprintf(fid, [AmpS ' \n']); 
            AmpS = ''; 
        end 
    end 
    if ~isempty(AmpS); fprintf(fid, [AmpS ' \n']); end 
    ds = min(ds, min(s1, s2)); 
    T = max(T, amp(end, 1)); 
end 

  
% Load definition 
fprintf(fid, '\n\n'); 
fprintf(fid, '** LOADS ** \n'); 
for n = 1:nn 
    fprintf(fid, ['*Cload, amplitude=AmpN' num2str(crds(n, 1)) ' \n']); 
    if isempty(inst) 
        fprintf(fid, [num2str(crds(n, 1)) ', 2, -1000 \n']); 
    else 
        fprintf(fid, [inst '.' num2str(crds(n, 1)) ', 2, -1000 \n']); 
    end 
end 

  
step(1) = T; 
step(2) = ds / v; 
step(3) = ceil(T / ds * v); 

 

 

 

HSLM (from Raid Karoumi) 

To generate an array that contains all the data needed to model the HSLM-A trains. 

 

%   ******************************************** 
%   *              HSLM-A Trains               *  
%   *                type 1-10                 * 
%   *   prEN 1991-2:2002 final draft (p.83)    * 
%   *         Raid Karoumi  2003-12-14         * 
%   ******************************************** 

  
function [TRAINLOAD,TRAINDIST]=HSLMA(type) 
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N=[18 17 16 15 14 13 13 12 11 11];            % number of intermediate 

coaches 
D=[18 19 20 21 22 23 24 25 26 27];            % coach length (m) 
d=[2 3.5 2 3 2 2 2 2.5 2 2];                  % bogi-axle spacing (m) 
P=[170 200 180 190 170 180 190 190 210 210];  % point force (KN) 
N=N(type);D=D(type);d=d(type);P=P(type); 
da=D-d; 

  
% ---> Power car, end coach and intermediate coach <--- 
l1=0;                                         % total length of car (m) 
m1=2000;                                      % wheel mass (kg) 
m2=3000;                                      % bogi mass (kg) 
m3=P*1000/9.81-m1-m2;                              % body mass (kg) 

m1+m2+m3=P kN 
ax=[P];                        % axle data vector 
TRAINLOAD=ones(7+N*2+7,1)*ax;                       % all axles of the 

train                   

  
% calculate and store the position of each axels (m) 
TRAINDIST=[];TRAINDIST2=[]; TRAINDIST3=[]; 
TRAINDIST1=[0; 3; 14; 17; 
20.525; 20.525+d; 20.525+d+D-d/2-d-3.525/2;]; 

  
for vagn=1:N 
    if vagn==1 
        a=TRAINDIST1(7); 
    else 
        a=TRAINDIST2(size(TRAINDIST2,1)); 
    end 
    TRAINDIST22=[a+d; a+d+da;]; 
    TRAINDIST2=[TRAINDIST2; TRAINDIST22]; 
end 

  
a=TRAINDIST2(size(TRAINDIST2,1)); 
TRAINDIST3=[a+d; a+d+D-d/2-d-3.525/2; a+d+D-d/2-d-3.525/2+d;]; 
a=TRAINDIST3(size(TRAINDIST3,1)); 
TRAINDIST3=[TRAINDIST3; a+3.525; a+3.525+3; a+3.525+3+11; a+3.525+3+11+3;]; 
TRAINDIST=[TRAINDIST1; TRAINDIST2; TRAINDIST3]; 

  
TRAINDIST=TRAINDIST.*(1);   % All cars are placed before the bridge left 

support 

 

Create HSLM Load (from Carine Mellier)   

To model the dynamic step, the amplitudes and the concentrated loads to apply the HSLM-A 

trains to an ABAQUS input. 

function [WriteLoad] = CreateHSLMLoad(v,TRAIN,incr,Nodes) 

  
%Name of the output file 
WriteLoad='Load_Abaqus'; 

  
%Input text 

  
WriteFile2=fopen([WriteLoad '.inp'],'w+'); 

  
for i=31:length(Nodes)+30 
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Text=['*Nset, nset=RailNode' int2str(i) '\n' ... 
    int2str(i) '\n']; 
fprintf(WriteFile2,Text); 
end 

  
Text=['*Nset, nset=OutputNodes \n' ... 
    '1 \n']; 

  
fprintf(WriteFile2,Text); 
fclose('all'); 

  
for traintype=1:10 

  
WriteFile2=fopen ([WriteLoad '.inp'],'a+'); 

  
TRAINTIME=TRAIN{traintype,1}.TRAINTIME; 
AMPLOAD=TRAIN{traintype,1}.AMPLOAD; 
AMP=TRAIN{traintype,1}.AMP; 

  
L=15.25; %Length of the bridge 
ConInc=incr; 
TimePeriod=(L/v)+max(TRAINTIME); 
StepSizeStop=[ConInc TimePeriod]; 

  
AmpFormat=['']; 
for j=1:size(AMPLOAD,2)*2 
    if j==size(AMPLOAD,2)*2 && any(8:8:length(AmpFormat)==j)~=1 
        AmpFormat=[AmpFormat '%.7f ']; 
    elseif any(8:8:length(AmpFormat)==j)==1 
        AmpFormat=[AmpFormat '%.7f\n']; 
    else 
        AmpFormat=[AmpFormat '%.7f, ']; 
    end 
end 

  
%Step 

  
damp=0.005; 
Text=['** STEP: Dynamic\n' ... 
'** \n' ... 
'*Step, name=Dynamic' int2str(traintype) ', perturbation\n' ... 
'*Modal dynamic, continue=NO\n' ... 
num2str(StepSizeStop(1), '%.7f') ',' ... 
num2str(StepSizeStop(2), '%.7f') '\n' ... 
'*Modal Damping\n' ... 
'1, 10, ' num2str(damp) '\n' ... 
'**LOADS\n']; 
fprintf(WriteFile2,Text); 

  
%Amplitude function 
for i=31:size(AMP,1)+30 
    Text=['*Amplitude, NAME=AmpLoad' int2str(traintype) int2str(i) '\n' ... 
        num2str(AMP(i-30,:),AmpFormat) '\n']; 
    fprintf(WriteFile2, Text); 
end 

  
%Concentrated load 
for i=31:length(Nodes)+30 
    Text=['**Name:AmpLoad' int2str(traintype) int2str(i) ... 
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        'Type:Concentrated force\n' ... 
        '*CLOAD, AMPLITUDE=AmpLoad' int2str(traintype) int2str(i) '\n' ... 
         int2str(i) ', 2, -1000 \n']; 
    fprintf(WriteFile2, Text); 
end 

  
%Output 

  
Text=['** OUTPUT REQUESTS\n' ... 
'** \n' ... 
'** FIELD OUTPUT: F-Output\n' ... 
'** \n' ... 
'*Output, field\n' ... 
'\n' ... 
'** HISTORY OUTPUT: H-Output\n' ... 
'** \n' ... 
'*Output, history\n' ... 
'\n' ... 
'*NODE OUTPUT, nset=RailNode51\n' ... 
' A2\n']; 
fprintf(WriteFile2,Text); 

  
Text=['*NODE PRINT, nset=RailNode51\n' ... 
    'A2 \n']; 
fprintf(WriteFile2, Text); 

  
Text=['*End step\n']; 
fprintf(WriteFile2,Text); 

  
end 

 

Create Input File (from Carine Mellier)   

To generate an input file that can be run by ABAQUS. 

function [UseWriteFile]=CreateInputFile(WriteBridge,WriteLoad,Velocitykmh) 

  
UseWriteFile=['Rossjo_dynamic']; 
WriteFile=fopen([UseWriteFile '.inp'] ,'w+'); 

  
Text=['*INCLUDE, INPUT=' WriteBridge '.inp\n' ... 
'*INCLUDE, INPUT=' WriteLoad '.inp']; 

  
fprintf(WriteFile,Text); 

 

Run Abaqus (from Carine Mellier)   

function RunAbaqus(UseWriteFile) 

  
ABAQUS_SUCCESS=dos(['abaqus job=' UseWriteFile '.inp interactive 

scratch=F:\MasterThesis\Matlabfiles']); 

  
fclose('all'); 
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Read accelerations (from Carine Mellier) 

To read the ABAQUS output and save the maximum acceleration founded. 

function [read_amax]=Read_acceleration(UseWriteFile) 

  
fid=fopen([UseWriteFile '.dat'], 'r'); 

  
ACCMAX=[]; 
TLINE=fgetl(fid); 

  
while strcmp(TLINE, '          THE ANALYSIS HAS BEEN COMPLETED')~=1 
TLINE=fgetl(fid); 
if (length(TLINE))>8 
    if strcmp(TLINE(1:8),' MAXIMUM')==1 
        ACCMAX=[ACCMAX; sscanf(TLINE,'%*s %f ',inf)]; 

         
    elseif strcmp(TLINE(1:8),' MINIMUM')==1 
        ACCMAX=[ACCMAX; sscanf(TLINE,'%*s %f ',inf)]; 
    end 
end 
end 

  
AMAXabs=abs(ACCMAX); 
read_amax=max(AMAXabs) 
fclose('all'); 

 

Loop 

To evaluate different speeds of the trains using the previous code. 

function [WriteAcc]=Loop(k,f,incr) 

  
WriteAcc='Accelerations'; 

  
for Velocitykmh=150:5:300 

  
[WriteBridge,el,modes]=CreateRossjoBridge(f,k); 
[v,TRAIN,Nodes]=CreateHSLM(Velocitykmh); 
[WriteLoad] = CreateHSLMLoad(v,TRAIN,incr,Nodes); 
[UseWriteFile]=CreateInputFile(WriteBridge,WriteLoad,Velocitykmh); 
RunAbaqus(UseWriteFile); 
[read_amax]=Read_acceleration(UseWriteFile); 

  
WriteFile3=fopen([WriteAcc],'a+'); 
Text=[int2str(Velocitykmh) ', ' num2str(read_amax) '\n']; 
fprintf(WriteFile3,Text); 
fclose('all'); 
end 
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