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Abstract: In this paper the authors detail the possibilities of modelling of finite 

element method (FEM) of glued insulated rail joints which are applied 

in railway tracks with continuously welded rails (CWR). A lot of 

laboratory tests (static and dynamic 3-point bending tests, axial pulling 

tests) were executed on glued insulated rail joints, the specimens were 

related to three different rail profiles applied in Hungary: MÁV 48.5; 

54E1 (UIC54), 60E1 (UIC60), respectively. The static bending tests 

with many bay length values were conducted, before and after dynamic 

(fatigue) tests. 2-D beam models were made in FEM software using 

semi-rigid hinge as the simplified connection of fishplated glued 

insulated rail joint. The FEM models were calibrated and then validated 

with the static vertical displacement values in the middle-bay position 

measured in laboratory. The model validation was conducted with two 

methods. 
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1. Introduction and literature review 

The connection of rails applying fishplated rail joints with horizontal axis bolts is 

one of the weakest points of construction of railway tracks, mainly in CWR tracks, 

as well as in case of small horizontal curves and turnouts. In the traditional set-up 

there are two fishplates (i.e. a pair of fishplates) for joining of the adjacent rail ends 

with four or six steel bolts. The reason of this structure is to connect rail ends 

avoiding vertical and horizontal steps in the middle of rail joint (i.e. in the zone of 
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endpost element). This kind of set-up ensures the smooth running and guiding edges 

and surfaces of the rails at rail joints to be able to reduce the evolving dynamic forces 

due to passing wheels. This is one of the base requirements of the railway tracks. 

The gaps between rail ends, the inadequate configuration of the horizontal and 

vertical profile of joined rail ends brake the continuity of railway tracks. In CWR 

tracks glued insulated rail joints (GIRJs) have to be applied because of the railway 

signalling and safety control, as well as the high axial (mainly thermal) forces 

evolved in the rails. It has to be mentioned that in normal railway tracks with 

traditional fishplated rail joints (without glue material, i.e. IRJs) are used with or 

without insulation according to railway signalling and safety control systems. 

In international literature there are a lot of articles and research reports that are 

dealing with fishplated rail joints (traditional set-up with and without insulation, as 

well as special insulated ones with glue material, i.e. glued insulated rail joints). 

Regarding to fishplated glued insulated rail joints the most problems are the false 

railway control signs due to rail ends failures which resulting the railway capacity 

restriction. Other problems are for example the implementation of glue material, 

endposts, rail ends and wear of rail profile inner corner and plastic deformation. 

According to this paper the authors introduce the relevant research results of 

mainly FEM modelling, as well as some other interested literature related to 

fishplated rail joints. 

There are some interesting results from the international literature review: 

 in generally the rail joints’ failure is connecting to decreased moment of 

inertia of the pair of fishplates (compared to applied rail section) [1], and 

enlarged stress values in the head of the rail that can result plastic 

deformation, lipping in the rail steel material [2], 

 the maintenance cost of rail joints is significant high, it is very problematic 

issue to avoid insulated rail joints from railway tracks (mainly CWR tracks) 

[1], 

 it is very serious to select suitable type of glue for glued insulated rail joints 

[3] [4]. It is important and significant issue specially related to the material 

and thickness of endpost elements [5] [6] [7] [8]. The significance of this 

issue is also detailed in papers [9] [10] [11]. In these publications the 

authors stated the most appropriate type of endpost elements to be applied 

in fishplated rail joints, 

 modified geometry in the head of rail section (longitudinal section, i.e. arch 

shape) is able to provide lower arising stresses and expand the life-time of 

fishplated rail joints [12], 
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 lipping phenomena in the rail head near the endpost is able to be set back 

by better rail steel grade or altered-treated steel types applied in rail head 

[5] [13] [14], 

 external reinforcement methodologies can provide increased bending 

stiffness of rail joints assembled with fishplates [1], 

 the application of non-perpendicular (i.e. for example 30° and 45°, in other 

words: inclined) rail joints is able to reduce vertical deformation, noise and 

vibration compared to normal ones (i.e. perpendicular joint types) [12], 

 it has to be marked that inclined fishplated rail joints aren’t suitable (i.e. 

they aren’t more appropriate than square ones), it is based on practice of 

railway operators [15], 

 significance of glue arrangement (together with the volume of glue between 

fishplates and rail web) [16], 

 the arising stress-strain state of the rail joint elements is affected by the 

support geometry types [3] [17] [18], 

 significant stresses can be evolved due to wheel-rail contact in the rail head, 

as well as in the fishplated rail joint’s elements that can lead to plastic 

deformation and early failures [19] [20] [21] [22], 

 rail joints are able to result supplementary (extra) dynamic effect that can 

issue with much more rapid deterioration process [23] [24] [25] [26]. 

 Related to dynamic effect at turnout frogs a research group dealt at TU 

Dresden [27] [28] [29] [30]. They detailed that adequate geometry and 

well-chosen rail (and/or rail head) steel materials are suitable to reduce 

dynamic effect during wheel passing. It can increase the lifetime of the 

turnout frog and frog nose that results in reduction of life cycle costs (LCC). 

In the paper [31] they applied special multi-fractal analysis. This area is 

highly interesting related to fishplated rail joints because there are many 

connection points between these researches. 

 At Railway University of Dnipropetrovsk there is a team which researched 

mainly the evolved stress-strain state of the whole railway track with very 

sophisticated methods [32] [33] [34] [35]. In the paper [36] they 

investigated the railway track representation in mathematical model of 

vehicles movement. Irregular vehicle movements are a key issue related to 

arising ‘extra’ stresses in the elements of railway track, also in IRJs and 

GIRJs. 
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After the authors have finished laboratory and field tests on glued insulated rail 

joints with glass-fibre reinforced and steel fishplates the necessity of applicability of 

polymer-composite fishplated glued insulated rail joints (synonym of glued 

insulated rail joints with glass-fibre reinforced fishplates) based on FEM modelling. 

In their papers [37] [38] [39], they dealt with laboratory tests of IRJs and GIRJs. In 

publications [40] [41] [42] there are investigations related to field tests. A lot of 

laboratory tests (static and dynamic 3-point bending tests, axial pulling tests) were 

executed on glued insulated rail joints, the specimens were related to three different 

rail profiles applied in Hungary: MÁV 48.5; 54E1 (UIC54), 60E1 (UIC60). The 

static bending tests with many bay length values were conducted, before and after 

dynamic (fatigue) tests. 2-D beam models were made in FEM software using semi-

rigid hinge as the simplified connection of fishplated glued insulated rail joint. The 

FEM models were calibrated and then validated with the static vertical displacement 

values in the middle-bay position measured in laboratory. The model validation was 

conducted with two methods, detailed in the following sections. 

The advantage of FEM modelling can be economic aspects. The calibrated and 

validated FEM models can be applied to be able to assume the behaviour of 

fishplated rail joints (with the consideration of used parameters). It is useful for 

saving time and money (i.e. resources) because the expensive and time consuming 

laboratory tests are not needed to execute every time. It has to be mentioned that our 

FEM models are adequate to approximate the mechanical behaviour (without 

failure) of glued insulated rail joints with glass-fibre reinforced fishplates with the 

applied one kind of glue material. In case of more complex investigation is needed, 

supplementary laboratory tests have to be conducted, i.e. with more types of glue 

materials, more rail profiles, more types of fishplates, etc. These tests can be 

executed in the future that is a real plan of the authors. 

2. Methods 

The following methods were applied in the research related to this paper: 

 laboratory tests, 

 FEM modelling, 

 mathematical statistics and regression calculations, 

 calibration, 

 validation. 

Laboratory tests of the authors are detailed in [37] [38] [49] literatures. A lot of 

laboratory tests were performed, not only those the authors mentioned in this article. 

Most of them were static and dynamic 3-point bending tests until breakage or 

without breakage (in the elastic material behaviour range). 
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FEM modelling was applied with simple 2-D models in Axis VM software. 

Mathematical statistics ‘tools’ were used to determine simple mathematic 

parameters, values (i.e. average, standard deviation, etc.) and to define their 

adequacy. Regression calculations were applied to define and compose adequate and 

applicable mathematical regression functions to be able to calculate values for 

internal points from the trends or to be able to approximate the external points 

(extrapolation). 

For the FEM models calibration and validation steps had to be done to achieve 

appropriate models that can be used for easy and quick calculations and avoid the 

performance of expensive and time-consuming laboratory tests. 

Again, the mathematical regression calculations were suitable to be able to 

determine special equations with that the FEM calculations can be neglected in 

determined value (parameter) interval(s). 

3. Laboratory tests 

In this chapter the authors’ own made laboratory tests are shortly introduced. 

These tests were conducted on three different rail profiles: MÁV 48.5, 54E1 (UIC54) 

and 60E1 (UIC60), which were assembled by MÁV-THERMIT Ltd. These 

specimens were not the part of research and development made for MÁV (Hungarian 

Railways) between 2015 and 2017. These specimens are very new assembled ones, 

especially for supplementary tests with more detailed measurements. 

The details of laboratory tests’ parameters can be found in Table 1. [39]. 

Table 1. Calculated and applied bending moment values for GIRJs with three 

different rail profiles 

Rail profile Bending moment [kNm] 

60E1 42.63 

54E1 40.85 

MÁV 48.5 34.71 

The values of maximum concentrated vertical loads can be calculated from the 

bending moment for each type of glued insulated rail joint and for each bay length 

value (see eq. (1)). 

 𝐹𝑚𝑎𝑥 =
4∙𝑀𝑚𝑎𝑥

𝐿
, (1) 

where 
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 Fmax is the value of maximum concentrated vertical load in kN unit, 

 Mmax is the value of maximum bending moment in kNm unit from 

Table 1., 

 L is the bay length (support bay length) of the specimen in m unit. 

The relevant laboratory tests on glass-fibre reinforced fishplated glued insulated 

rail joints are the followings related to the base of FEM modelling (the loading 

assembly was symmetric): 

 static 3-point bending tests before fatigue tests (BF) – on 13 different bay 

lengths, between 900 and 1490 mm with 50 mm steps (see Fig. 1.), 

 dynamic fatigue tests with steps of 0.5 million loading cycles on 

1200 mm bay length, 

 after every 0.5 million loading cycles there were static 3-point bending 

tests (without failure) up to 3.5 million loading cycles on the same bay 

length as BF tests (AF) – it has to be mentioned that the measurements 

after 3.0 million cycles have to be neglected because of inadequate test 

set-up, 

 supplementary static 3-point bending tests after 3.5 million loading 

cycles (AF) – on 6 different bay lengths, between 600 and 850 mm with 

50 mm steps. 

 

Figure 1. Assemblage for loading the glued insulated rail joint 
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From each measurement (static bending tests BF and AF) the authors recorded the 

vertical loading force vs. vertical displacement of the middle bay point of the rail 

joints graphs. (It has to be mentioned that at more points were the vertical 

displacement values measured and recorded, but in this research they are not 

considered.) 

Because of the significant quantity of measured data, the authors don’t publish all 

of them. They applied these data for the finite element modelling, in this way only 

the obtained new parameters will be published based on the laboratory tests. 

4. Finite element modelling 

4.1. Short description of FEM modelling with Axis VM software 

In the following paragraph the authors shortly describe the main characteristics of 

Axis VM software [43]. 

It can be applied for the static, vibration, and buckling analysis of structures. At 

every step of the modelling process, graphical verification of the user’s progress is 

sent. Multilevel undo/redo command and on-line help is available. Static, vibration, 

and buckling analysis are ensured. 

Deformed and undeformed shape display, diagram, iso-line/surface plots, 

animation, customizable tabular reports are possible ‘outputs’ of the analyses. 

Axis VM software grants special visualization tools that let the user fast explain 

the results, and numerical tools to search, report, and execute further calculations 

using those results. The results are able to be applied to illustrate the deformed or 

animated shape of the user’s geometry or the isoline/surface plots. Axis VM can 

linearly compose or envelope the results. 

Reporting is always part of the analysis, and a graphical user interface enhances 

the process and simplifies the effort. 

4.2. Parameters of FEM models 

Only one data pair has to be registered and used for FEM modelling from the 

laboratory tests from each measurement. It is the maximal vertical displacement 

values of middle bay point due to the maximal loading force values (they are 

calculated from the considered bending moment and bay length values [39]. 

The authors had to collect all of these data pairs to be able to apply them in FEM 

models. 

The simplified FEM model is a 2-D model, the characteristics are the following: 
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 geometry: 

 elements: simple line (beam) elements, the geometry is the same 

as during laboratory tests, 

 supports: two simple hinge supports, 

 material: S235 type steel, 

 cross-section: exact rail profiles from CAD drawings, 

 semi-rigid hinge: it substitutes the fishplated joint and its 

mechanical behaviour, 

 loads: 

 concentrated vertical forces as calculated from Zimmermann-

Eisenmann method (see Table 1. and Eq. (1)) [37] [38] [39], 

 calculation method: 

 simple static calculation with elastic material method, 

 results: 

 elastic deformation lines from them the vertical displacement 

values of middle bay point are relevant. 

4.3. Calibration and validation of FEM models 

The FEM models have to be calibrated before their application. It means that there 

should be more laboratory tests, measurements whose data have to be used for model 

calibration. 

The authors’ FEM models are simplified models. It means that only one parameter 

has to be set during calibration: the hinge characteristic for rotation in the plane of 

the beam. The symbol of this ‘rigidity’ is srh (srh means semi-rigid hinge), the unit 

is kNm/rad. After calculation in Axis VM software there will be elastic deformation 

line of the beam, the vertical displacement can be determined for each point of the 

beam. The vertical deformation value of the middle bay point should be the same as 

in the laboratory tests for each cases (each bay length, each rail profile, etc.) The srh 

parameter has to set (i.e. calibrated) with iteration until the before mentioned 

displacement value is the same in FEM modelling as from laboratory tests. With this 

procedure 13…16 srh values can be calculated for each loading status (i.e. for BF 

and every AF step). For one kind of rail profile there are 7 loading status: 

 BF, i.e. 0 loading cycle (BF), 

 AF related to 0.5 million loading cycles (AF(0.5M)), 

 AF related to 1.0 million loading cycles (AF(1M)), 
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 AF related to 1.5 million loading cycles (AF(1.5M)), 

 AF related to 2.0 million loading cycles (AF(2M)), 

 AF related to 2.5 million loading cycles (AF(2.5M)), 

 AF related to 3.5 million loading cycles (AF(3.5M)). 

Figure 2. shows an example about the FEM model in Axis VM software. 

 

Figure 2. Schematic, semi-calibrated FEM model of glued insulated rail joint with 

54E1 rail profile (L=1200 mm, AF(1M), srh=3696 kNm/rad) 

The model validation was conducted with two methods: 

 Case I., calibration with data related to static tests up to 2.5 million 

fatigue cycle and validation of the measurements related to static tests 

after 3.5 million loading cycle; as well as 

 Case II., calibration with data related to static tests with 3.5 million 

fatigue cycle in the interval of support bays between 1000 and 1490 mm 

and validation of the measurements related to static tests in the interval 

of support bays between 600 and 950 mm. 

In Tables 2-4 the values of srh parameter of investigated glued insulated rail joints 

are represented. These values are calculated from Axis VM software, but it should 

be mentioned that these are based on the laboratory test results, the FEM calculations 
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were executed related to these vertical deflection values in the middle of the support 

bay. It can be seen that the standard deviation values vary approx. between 3% and 

12%, these relatively high values are because of the quality of the polymer composite 

fishplates, glue material, assemblage, etc. It should be mentioned that these standard 

deviations influence the calibration, validation and the final accuracy of built FEM 

model. 

Table 2. Values of srh parameter of investigated glued insulated rail joints (60E1 

rail profile) calculated by Axis VM software 

No. of loading 

cycles/values 
BF AF(0.5M) AF(1M) AF(1.5M) AF(2M) AF(2.5M) AF(3.5M) 

min. 6950 6700 6640 6390 6310 6170 5170 

max. 10800 8320 7770 7600 7550 7470 7150 

average 7978.462 7464.615 7320.769 7163.846 7096.154 6865.385 6271.053 

standard 

deviation 
989.283 420.290 347.886 356.313 367.436 487.675 617.278 

standard 

deviation/ 

average 

12.40% 5.63% 4.75% 4.97% 5.18% 7.10% 9.84% 

Table 3. Values of srh parameter of investigated glued insulated rail joints (54E1 

rail profile) calculated by Axis VM software 

No. of 

loading 

cycles/values 

BF AF(0.5M) AF(1M) AF(1.5M) AF(2M) AF(2.5M) AF(3.5M) 

min. 4746 3740 3447 3426 3300 3267 3095 

max. 5512 4133 3854 3780 3674 3545 3504 

average 5162.385 3971.308 3683.538 3592.077 3459.308 3386.846 3236 

standard 

deviation 
261.943 120.767 121.904 106.471 124.330 98.333 125.813 

standard 

deviation/ 

average 

5.07% 3.04% 3.31% 2.96% 3.59% 2.90% 3.89% 

Table 4. Values of srh parameter of investigated glued insulated rail joints (MÁV 

48.5 rail profile) calculated by Axis VM software 

No. of 

loading 

cycles/values 

BF AF(0.5M) AF(1M) AF(1.5M) AF(2M) AF(2.5M) AF(3.5M) 

min. 4845 4376 4259 4220 3968 3667 3250 

max. 6035 5035 4898 4693 4470 4457 3977 
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average 5473.154 4737 4481.615 4392 4201.154 4040.769 3623.368 

standard 

deviation 
356.348 207.150 180.519 130.103 155.162 231.602 167.628 

standard 

deviation/ 

average 

6.51% 4.37% 4.03% 2.96% 3.69% 5.73% 4.63% 

In Figure 3. the trends of changing of average srh parameter as a function of 

number of loading cycles in the whole measured interval are shown. It can be seen 

that during the first 500,000 loading cycles there are a relatively rapid decrease of 

srh (i.e. rapid deterioration of glued insulated rail joint) related to all of the 

investigated rail joints, but after 500,000th loading cycle the trend changes to approx. 

linear, as illustrated in Figures 3-4. It is very interested fact that specimen assembled 

with 54E1 rail profile and related polymer composite fishplate is a little bit worse 

than the specimen with MÁV 48.5 rail profile, but the trend is consequent. It can be 

due to the mentioned reasons. 

 

Figure 3. Trends of changing of average srh parameter as a function of number of 

loading cycles in the whole measured interval 
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Figure 4. Trends of changing of average srh parameter as a function of number of 

loading cycles between 500,000 and 3.5 million cycles 

In Figure 5. the linear regression functions can be seen that are applied for 

calibration Case I. (as earlier mentioned). 

 

Figure 5. Trends of changing of average srh parameter as a function of number of 

loading cycles between 500,000 and 2.5 million cycles 
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The values of calculated srh parameters for 3.5 million loading cycles (with 

extrapolation) are represented in Table 5. 

Table 5. The values of calculated srh parameters for 3.5 million loading cycles 

(with extrapolation) 

Rail profile 
Calculated srh 

[kNm/rad] 

Deviation from the 

measured value 

60E1 6612.907 5.45% 

54E1 3061.357 –5.40% 

MÁV 48.5 3701.355 2.15% 

In case the semi rigid hinge of the beam models is set to values in Table 5. The 

deviations from the measured values in reality were calculated and shown in Table 6. 

This the result of calibration and validation of Case I. 

Table 6. The values of calculated srh parameters for 3.5 million loading cycles 

Rail profiles/ 

characteristics of 

deviation values 

60E1 54E1 
MÁV 

48.5 

min. –18.44% 0.87% –10.44% 

max. 5.54% 12.15% 4.89% 

average –4.39% 4.59% –1.92% 

standard deviation 7.29% 3.31% 3.63% 

The higher deviation values in Table 6. (e.g. –18.44%, 12.15%) are related to the 

small bay length values (600…850 mm). 

In Case II. the results (calibration and validation) are obtained published in 

Tables 7-8. 
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Table 7. The values of calculated srh parameters for 600…950 mm bay length 

values (with statistical calculation) 

Rail profiles/ 

values 
60E1 54E1 MÁV 48.5 

min. 5960 3095 3542 

max. 7150 3374 3977 

average 6655.455 3233.636 3717.182 

standard 

deviation 

459.921 109.318 124.795 

standard 

deviation/ 

average 

6.91% 3.38% 3.36% 

Table 8. The deviations from the measured values in reality (validation related to 

Case II., the base of comparison is the vertical deflection values) 

Rail profiles/ 

characteristics of 

deviation values 

60E1 54E1 MÁV 48.5 

min. –18.89% –3.25% –10.76% 

max. –4.42% 7.02% –1.48% 

average –11.20% 0.11% –4.85% 

standard deviation 4.66% 4.03% 3.01% 

5. Results 

In Chapter 4. the authors showed the results of the calibration and validation 

processes. The obtained broad interval of the accuracy (up to approx. 20%) is (or 

can be) because of the the earlier mentioned reasons, i.e. the quality of the polymer 

composite fishplates, glue material, assemblage, etc. 

In the future the authors recommend to apply the average values of the Tables 2-4 

for running FEM models. 

Next to the calibration and validation results there are some interesting 

supplementary results from the FEM modelling. A lot of calculations were 
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performed in Axis VM software with the built model of glued insulated rail joints. 

The srh parameter was changed between 100 and 106 kNm/rad values. 

In Figures 6-14. the authors introduce charts related to vertical displacement as a 

function of bay length for different srh. In these figure some of them are shown 

between 103 and 106 kNm/rad. It can be stated that the calculated points can be 

approximated by power regression functions. One of the lines of a figure is the same 

in the following figure related to each rail profile because in this way the difference 

can be considered more accurate. 

 

Figure 6. Vertical displacement as a function of bay length related to different srh 

values (between 1000 and 10000) in case of fishplated rail joint with 60E1 rail 

profile 
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Figure 8. Vertical displacement as a function of bay length related to different srh 

values (between 30000 and 1000000) in case of fishplated rail joint with 60E1 

rail profile 

 

Figure 9. Vertical displacement as a function of bay length related to different srh 

values (between 1000 and 10000) in case of fishplated rail joint with 54E1 rail 

profile 
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Figure 10. Vertical displacement as a function of bay length related to different srh 

values (between 10000 and 30000) in case of fishplated rail joint with 54E1 

rail profile 

 

Figure 11. Vertical displacement as a function of bay length related to different srh 

values (between 30000 and 1000000) in case of fishplated rail joint with 54E1 

rail profile 
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Figure 12. Vertical displacement as a function of bay length related to different srh 

values (between 1000 and 10000) in case of fishplated rail joint with MÁV 

48.5 rail profile 

 

Figure 13. Vertical displacement as a function of bay length related to different srh 
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Figure 14. Vertical displacement as a function of bay length related to different srh 

values (between 30000 and 1000000) in case of fishplated rail joint with MÁV 

48.5 rail profile 

To be able to calculate much faster the srh parameters from vertical displacement 

values, as well as vice versa the authors determined definite regression functions for 

the range of srh from 100 to 30000. In the interval between 30000 and 106 the 

determined regression functions are not enough accurate. 

In Figure 15. there is a raw regression function related to fishplated rail joint with 

60E1 rail profile and L=600 mm bay length for the whole 100…106 kNm/rad 

interval. 
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Figure 15. Vertical displacement as a function of srh in case of fishplated rail joint 

with 60E1 rail profile and L=600 mm bay length 

In Figure 15. the determined power regression is not adequate for calculation 

vertical displacement values with m accuracy. The solid line in Figure 15. is not 

able to approximate any kind of definite regression functions with required 

precision. The solution was the following: let calculate the logarithm (base: 10) of 

both parameters, i.e. vertical displacement and srh. Figure 16. shows an example for 

that related to the whole 100…106 kNm/rad interval. After trying the application of 

this kind of regression function it had to be stated that the deviation is too high, and 

the min. 10–2 mm accuracy can’t be guaranteed (m precision was neglected because 

it is unreal requirement for this wide interval). The final solution was that only the 

100…30000 kNm/rad range was considered and the polynomial regression functions 

(with maximum 5th power) then calculated for all the cases (see Figure 17.). 

It should be mentioned that in all published regression function the ‘x’ is the 

independent factor and ‘y’ is the independent. 

 

Figure 16. Logarithm (base: 10) of vertical displacement as a function of logarithm 

(base: 10) srh in case of fishplated rail joint with 60E1 rail profile and L=600 

mm bay length related to srh=100…106 kNm/rad 
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Figure 17. Logarithm (base: 10) of vertical displacement as a function of logarithm 

(base: 10) srh in case of fishplated rail joint with 60E1 rail profile and L=600 

mm bay length related to srh=100…30000 kNm/rad 

In Tables 9-23. the authors give all the applicable regression functions with the 

determination of average deviation from the accurate value for the range 

srh=100…30000 kNm/rad. The unit of vertical displacement is 10–3 mm in the 

equations. 

Table 9. Calculated regression functions related to fishplated rail joints with 60E1 

rail profile – Results I. 
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independent factor: log10(vertical displacement), 
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Table 10. Calculated regression functions related to fishplated rail joints 

with 60E1 rail profile – Results II. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 11. Calculated regression functions related to fishplated rail joints 

with 60E1 rail profile – Results III. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 12. Calculated regression functions related to fishplated rail joints 

with 60E1 rail profile – Results IV. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 13. Calculated regression functions related to fishplated rail joints 

with 60E1 rail profile – Results V. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 14. Calculated regression functions related to fishplated rail joints 

with 54E1 rail profile – Results I. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 
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function 
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Table 15. Calculated regression functions related to fishplated rail joints 

with 54E1 rail profile – Results II. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 16. Calculated regression functions related to fishplated rail joints 

with 54E1 rail profile – Results III. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 17. Calculated regression functions related to fishplated rail joints 

with 54E1 rail profile – Results IV. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 18. Calculated regression functions related to fishplated rail joints 

with 54E1 rail profile – Results V. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 

  regression function R2 average of deviation regression function R2 average of deviation 
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Table 19. Calculated regression functions related to fishplated rail joints 

with MÁV 48.5 rail profile – Results I. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 
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Table 20. Calculated regression functions related to fishplated rail joints 

with MÁV 48.5 rail profile – Results II. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 
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function 
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Table 21. Calculated regression functions related to fishplated rail joints 

with MÁV 48.5 rail profile – Results III. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 
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Table 22. Calculated regression functions related to fishplated rail joints 

with MÁV 48.5 rail profile – Results IV. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 
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Table 23. Calculated regression functions related to fishplated rail joints 

with MÁV 48.5 rail profile – Results V. 

  
independent factor: log10srh, dependent factor: 

log10(vertical displacement) 

independent factor: log10(vertical displacement), 

dependent factor: log10srh 
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6. Conclusions 

The authors introduced and detailed a possibility to be able to model glued 

insulated rail joints in FEM software. A simple 2-D FEM model was applied for all 

the cases that has only one factor to be set. This factor is the srh rigidity of the semi-

rigid hinge that simulates the rotation (bending) behaviour of the fishplated rail joints 

in the middle zone. Only the investigated glued insulated rail joints with glass-fibre 

reinforced fishplates were considered in this article. 

A lot of running and a very long, time consuming calibration process had to be 

executed. 
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After calibration the models should be validated. The authors use two different 

validation methods (cases). The built and calibrated FEM models were able to be 

validated. 

The authors determined and published special regression functions: 

 vertical displacement vs. bay lengths for different srh values, 

 vertical displacement vs. srh values for different bay lengths, 

 srh values vs. vertical displacement for different bay lengths. 

These can be used for quick calculation without FEM simulations. 

In the future the authors would like to expand this method for model not only 

polymer-composite fishplated glued insulated rail joints but with steel fishplates, as 

well as insulated rail joints (i.e. without glue), etc. The results can be compared on 

wider range than from the laboratory tests. There is other plan to compose FEM 

models to be able to simulate longer railway track sections with different support 

characteristics. The results from the longer railway tracks’ FEM model are able to 

be set against the field tests [39] [40] [41] [44]. 
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