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Abstracts: The dynamic iovestigation of railway bridges with ballast bed has been 
continued by the Institute of Structural Engioeeriog - Research Center of Steel Structures. 
Now the results of the comparison of measurement and calculation with the already 
developed model for the ballast bed for railway bridges are shown for an operated bridge. 
These results demonstrate the practical application of the model. N evertbeless new 
detected dynamic effects on operated hridges have to he iovestigated furthermore for an 
exact dynamic modelliog of the ballast substructure of railway bridges. 

1. Introduction 

A model describing the dynamic behaviour of the ballast substructure of railway bridges 
has been developed and adapted to an experimental bridge io laboratory ([Miibr 2009], 
[Hack:l2012], [Kirchhofer 2012], [Fink et al. 2013]). In figure I the experimental bridge with 
mounted vibration generators is shown. It is built up of two steel maio beams and a wooden 
ballast truugh with a standard ballast substructure and rails. 
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FIgure 1: Experimental bridge in IaboratOIy; [M8hr 2009] 

To get an overview of the model it is described here in brief: The ballast bed takes part 
in the dynamic stiffhess and the damping ofmilway bridges. This happens through c0nnec­

tion of the mil and the bearing structure: by the ballast bed. It transfers shear forces and so 
damping is activated. For modeling these effects. spring and damping elements (parameters 
1<". c,,; fig. 2) "'" used. 

Therefore: the rail is diagonally connected with the bearing structure in a horizontal dis­
tance according to the distance of the sleepers (parameter e. = 60 em). 
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Figure 2: Model of the ballast substructure and detailed model with its parameters 

Couplings fix the relative vertical displacement between rail and bearing structure: and 
thcir pmmneted. marl<cd with 1>" (acconling to the height of the ballast bed, 1>" ~ 50 em). 

The dynamic parameters k.,. ~ were detected by adaption of the computer model to 
measured results (frequency response) of the experimental bridge in laboratory by using two 
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vibration generators to create a known dynamic excitation (Pt = meQl sin 01). The product 
of me (eccentric mass m x eccentricity e) defines the value of excitation. The values of the 
parameters Iv c., for different excitation are given per rail in table 1. 

Table 1: Parameters of the ballast subs1ructurc detected at the experimental bridge (exci-
tation with two vibration generators), [Hackl 2012] 

mo 2x191 2x370 2'525 2· ... 2xn8 2x761 [kg"",] 

k" 14055 11345 9930 9080 891. 891. [kN/m] 

" 94,60 97,00 95,76 94,32 96,62 97,78 [kNs/m] 

For the parameter Ie., and the value of excitation me following correlation can be given: 

Ie., - O,003(me)2 -11,61me + 1794 (1) 

The damping factor c., has no correlation which could be given in an equation. 
In this paper the behavior of an operated railway bridge is investigated. Therefore the 

calculated frequency response of an operated bridge is compared with the measured one. 
For the calculation the parameters k.,. c., of the experimental bridge were used. This should 
show if the developed model is able to describe the dynamic behavior of the operated bridge 
by using the detected parameters of the experimental bridge or if there are any other effects 
which have to be considered in the modeling to get the same results on calculation and meas­
ureIlIClt. 

2. Description of the investigated bridge 

The used data for evaluating the computer model are from ''Fahrenbachviadukt'' near Persen­
beug at Danube [Kirchhofer 2012]. This bridge (fig. 3) is part of an already closed section of 
the railroad near the Danube between st. Valentin and Krems in Lower Austria. 

FIgure 3: ''Fahrenbachviadukt''; [Kirchhofer 20]2] 
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It is a single span steel bridge with orthotropic plate and open cross-section which was 
built in 1995. In figure 4 the statically effective cross section of the bridge and the ballast 
substructure with wooden sleepers are shown. 
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Flgure4: Cross Section of the "Fahrenbachviadukt"; [Hackl 2012] 

The bearing construction has a span of21,35 m and it is bedded on two roller bearings 
and on two line rocker bearings on the other river side. In the midspan steel plates are added 
to the lower flanges of the main beams to strengthen the bridge (fig. 4). Cantilever arms car­
rying the walkway and the cable through arc mounted on the edge beams (fig. 3). 

The measured data are frequency responses for different excitations me. These data are 
from dynamic tests and are given in table 2. 

Table 2: Results of the measun:mcn~ [Hackl 2012] 

me 2x110 2)1180 2_244 2x271 2)1326 2-363 [kg",,] 

f 5,800 5,750 5,717 5,683 5,650 5,633 1Hz] 

w_ 1,038 1,708 2,281 2,570 2,993 3,218 [mm] 

.... 1,441 2,464 3,059 3,518 4,2n 4,712 ]mlo'] 

The average values are given. The :first eigenfrequency f and for both main beams the 
displacement w __ and the acceleration 8....,. were measured. They had little differences caused 
by a different excitation of the bearing construction. This different excitation is caused by a 
slanted track through a curve in the area of the bridge. 
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3. Description of the nsed computer model 

First a finite element model of the statical.ly effective cross section was built (with SOFiSTiK 
FEM package). In the model the bearings were distributed to the nodes of the lower flange 
and the web of the main beams in area of the bearing to reduce the bearing reaction in 
the several single nodes. The nodes of the web are only fixed in vertical direction. This 
should prevent mistakes in numerical calculation. To this model the model of the ballast 
substructure was added (fig. 5). The detail in figure 5 shows the easy practice of the model of 
the ballast substructure by using given couplings (yellow), spring and damping elements (the 
spring includes both of them, green) of the finite element programme. For avoiding higher 
eigenmodes of the rails in the OU1put of dynamic calculation they are fixed in the lateral 
direction. The dead load of the steel construction is already considered by the programme. 
Other loads like the masses of the ballast bed (20 kNlm3 for first calculation) and the sleepers 
are considered as surface load on bridge deck. Kirchhofer [Kirchhofer 2012] modified bogies 
(two axes) to mount the vibration generators for using them on rail tracks. They were used 
for exciting the bridge. FoW" point loads at the contact points in midspan per rail simulate the 
mass (2,0375 t per contact point) and the dynamic excitation (P 00> of these testing machines 
(fig. 5). 

Figure S: Finite element model of the "Fahrenbachviadukf' including the model of the 
ballast substructure 

To consider the self damping of the steel construction and the bearings values of damp­
ing for railway bridges are used. They arc given in three categories for three construction 
parts in PETERSEN [pd:ersen 1996]. He gives values for damping for low, middle and high 
vibration amplitude but no definition for these characteristics. So middle was chosen. The 
given value for the construction part ''ballast'' was set to zero because for that the detected 
parameters of the model (tab. 1) from the testing bridge in laboratory were used. 
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4. Simulation of the dynamic behaviour of 
"Fahrenbachviadukt" 

In the first step for the calculation the statically effective cross section (fig. 4) and a density 
of the ballast of20 kN/m', which is given in Eurocode I [Be I 2003], were used. The param­
eters k, for the spring elements were identified in equation (I) for the values of excitation me 
which were used for this bridge. A value of 95 kNs/m (tab. I) was defined for the damping 
parameter c". 

The result of this calculation shows a big difference from the measured dynamic values 
(tab. I) of the bridge. Especially the different first eigenfrequency results let assume that the 
unsimulated parts of the construction acquire stiffness which influences the eigenfrequency. 
So the cantilever arms with the walkway and the handrail were modelled. All configurations 
in table 3 are modelled like that. 

Table 3: Results of the parameter study (me =2x110 kgcm) for ballast bed with 20,00 
kN/m' and comparison with measured results given as percentage deviation, 
[Hack120l2] 

k, 
"" k".. ""- CO' deviation w.M 

deviation 

[kNlm[ [kNs/m] [kN/m] [kNs/m] [kN/s] [Hz] [%] [mm] [%] 

configuration 1 

15531 95 5,277 9,0 2,516 142,4 

15531 150 5,277 9,0 1,922 85,2 

~ 1000 5,505 5,1 4,875 369,7 

configuration 2 

15531 95 95 5,277 9,0 0,990 4,6 

~ 95 105 5,505 5,1 1,069 3,0 

configuration 3 

15531 95 15531 95 95 5,405 6,8 0,858 17,3 

100000 95 50000 95 105 5,711 1,5 1,117 7,6 

The results were a bit bet1er than the first ones but not satisfying. Then a parameter study 
for k, and c" was done which shows that the model with configuration I does not include all 
effects of dynamic behaviour. In table 3 this fact (configuration I) and the following results 
for an excitation of2xli0 kgcm are overviewed. There, in the left five columns the used pa­
rameters for calculation are shown and in the four right columns the results (f, w _) and their 
deviation to the measured results (see tab. 2) are shown. In configuration 2 a damping of the 
apron plate at the change of bridge deck to the dam is supposed. Therefore the parameter c .. is 
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established This helps to simulate the displacement with higher accordance to the measured 
one. The eigenfrequency could not be reached even by setting the parameter Ie., to infinity. 
To simulate the correct eigenftequency the ballast substructure in front of and behind the 
bridge, bedded on the dam, was modelled (fig. 6). Therefore the parameters ~ and '\d, are 
established and their values were set equal to the parameters on the bridge. This test is called 
configuration 3. It can be seen that this procedure does not help to reach the measured values 
because the parameters ~ (lOOOOO kNlm) and ~ (50000 kN/m) which afford a variation of 
1,5 % are unrealistic high. So following consideration was done to reach the aim of a perfect 
dynamic modeling of lhe bridge. 

Figure 6: Finite element model of the "Fahrenbachviadukt" - configuration 3; [Hackl 
2012] 

The eigenfrcquency depends on the stiffness and on the mass. A modification of the 
stiffness in the meaning of a more exact assessment of it in the finite element model did not 
bring the expected Rsult. So the mass of the bridge must be the decisive factor. In the paper 
of GOTISCHOL & KEMPFERT [Ootschol & Kompfort 2004]lhe l1ll8wer of lhe problem 
was found 1b.cy give a value of density of basalt gravel for ballast bed of 17,25 kN/m'. This 
is an upper limit because basalt gravel is the heaviest in this category. The Austrian Fcde.ral 
Railways (OBB) set the density to 15,00 kNlm'. So the :instruction of the standard with a 
density of20,OO kNlm' is much too high for a calculation of the eigenfrequency. 
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Anew calculation with the corrected value of the density (17,25 kN/m') of the ballast 
bed brought the expected perfect finish of the modeling (tab. 4). 

A new test (configuration 4, table 4) with the model with statically effective cross sec­
tion and the same conditions as configuration 3 (tab. 4) brings nearly the same results as 
configuration 3. So a modeliog of construction details which are not iocluded io the statically 
effective cross section seem to be needless and therefore time for calculation and modeliog 
is saved. By usiog a density of 15,00 kN/m' for ballast bed for configuration 4 modeling the 
bridge with hardly any deviation is possible (tab. 5). When the dampiog of the apron plate is 
switched off the displacement has a high deviation of about 47 % (configuration 5). So the 
dyoamic behaviour of the apron plate seems to be necessary for modeling. 

In table 6 a summary of the used configurations for helpiog the ioterpretation of table 3 
to 5 is shown. 

Table 4: Results of the parameter study (me =2x110 kgcm) for ballast bed with 17,25 
kN/m' and comparison with measured results given as percentage deviation, 
[Hackl 2012] 

k, "> k,... ">.d c.,P deviation w.M 
deviation 

[kNlm[ [kNs/m] [kN/m] [kNs/m] [kN/s] [Hz] [%] [mm] [%] 

configuration 1 

15531 95 5,480 5,5 2,511 141,9 

15531 200 5,480 5,5 1,550 49,3 

configuration 2 

15531 95 84,5 5,480 5,5 1,038 0,0 

configuration 3 

15531 95 15531 95 55 5,613 3,2 1,043 0,5 

configuration 4 

15531 95 15531 95 56 5,638 2,8 1,038 0,0 
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TableS: Results of the parameter study (me =2x110 kgcm) for ballast bed with 15,00 
kN/m' and comparison with measured results given as percentage deviation, 
[Hackl 2012] 

k" <;, k"" <;", c.,p deviation w •• deviation 

[kNlm[ [kNslm] [kN/m] [kNslm] [kN/s] [Hz] [%] [mm] !%] 

configuration 4 

15531 95 15531 95 56 5,834 0,6 1,037 0,1 

configuration 5 

15531 95 15531 95 5,834 0,6 1,527 47,1 

Table 6: Summary of the used configurations 

configuration 1 

configuration 2 

configuration 3 

configuration 4 

configuration 5 

modeling of the ballast substructure on the bridge with complete cross section; 
parameters: k", <;, 

modeling of the ballast substructure on the bridge and damping of the apron plate 
with complete cross section; 
parameters: ~, <; and c.,p 

modeling of the ballast substructure on the bridge, damping of the apron plate 
and of ballast substructure in front of and behind the bridge with complete cross 
section; 
parameters: ~. <;. c .. p' ~,d' <;,d 

modeling of the ballast substructure on the bridge, damping of the apron plate 
and of ballast substructure in front of and behind the bridge with statically efleclive 
cross section; 
parameters: k", <;" c." k"", <;,. 

modeling of the ballast substructure on the bridge and of ballast substructure in 
front of and behind the bridge with statically effective cross section; 
parameters k", <;" k"., <;", 

5. Conclusions 

In the investigations the possibility of modeling the ballast substructure on railway bridges 
for exact and easy dynamic calculation is shown. Therefore the knowledge of the correct 
density of the ballast bed is essential which is demonstrated in this paper. This is the decid­
ing influence on the dynamic calculation. The second factor influencing the eigenfrequency 
of constructions, the stiffness, does not have that importance in calculation. So simplified 
modeling of investigated bridges is allowed where the modeling of the main construction is 
enough. 

Nevertheless further investigations are necessary to get more informations about the dy­
namic behaviour of parts of the construction which seem to be essential for calculation. Now 
this behaviour of these features is assumed but the correct relationships among these factors 
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are not mown. The meant features are the damping of the apron plate with the parameter clJ' 
the sti:ffuess and the damping ~. ~ .. ) of the ballast substructure in front of and behind the 
bridge and at last correct damping properties of different types ofbearing CkB. ~. Further the 
length of the ballast substructure Ld in front of and behind the bridge has to be detected This 
new field of investigation in dynamics of railway bridges can be seen in figure 7 where the 
construction parts and its parameters are clearly represented. 

Figure 7: New pa:rameters in dynamics of railway bridges 
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