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Abstract. The railroad track is very important as a means of crossing the train
itself, especially for lines that have a fairly extreme elevation,where for the railroad
itself it is not allowed to have a track with a very high grid.

This study uses the finite element method with assistance from LISA V.8
FEA(License), a finite element method software package, to examine the stresses
that develop on railroad track girder bridges in comparison to the stresses that
develop on each component, including rails, sleepers, and the bridge girder itself,
as a result of rail traffic loads and brake impact loads between the railroad tracks
and the railroad wheels.

According to the results of the analysis of the stress distribution behavior that
happens on the railroad track girder bridge with two types of loading, namely
the service load and the shock/brake load, the starting stress that occurs due to
the service load is 32.91 N/mm2 and the increase in stress that occurs due to the
brake load is 58.85 N/mm2. The service load causes a stress distribution on the
bridge girder of 9.39 N/mm2, and the brake load causes a stress distribution of
16.76 N/mm2. Whereas the ratio of the increase in stress on the railroad is 1.788,
and the ratio of the increase in stress on the bridge girder is 1.784.
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1 Introduction

The railroad track is very important as a means of crossing the train itself, especially for
lines that have a fairly extreme elevation, where for the railroad itself it is not allowed
to have a track with a very high grid. Literally, a bridge is a structure that functions as
a link between two parts that are separated by an obstacle, both natural such as rivers,
valleys, and straits or the sea, or artificial such as roads, irrigation canals, and railroads
[1].

Bridges come in a variety of designs,materials, and functions in theworld of building,
and these factors can be taken into account while deciding on the sort of bridge to utilize.
In light of this, the choice The concrete-primarily constructed bridge intends to build a
robust, rigid, and water-resistant structure that will be suited for bridge building with
long-term plans [2].
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Structurally the girder bridge has its own advantages and disadvantages depending
on the materials to be used, and also provide time and cost efficiencies. With the advent
of modern railroads, rail-bridge interaction has grown to be a crucial component of rail
and bridge design. Since this movement might cause the bridge to bend like a traffic
load, the influence of the temperature difference on the bridge is significant and cannot
be disregarded [3].

This study uses the finite element method with assistance from LISA V.8
FEA(License), a finite element method software package, to examine the stresses that
develop on railroad track girder bridges in comparison to the stresses that develop on
each component, including rails, sleepers, and the bridge girder itself, as a result of rail
traffic loads and brake impact loads.

2 Research Method

This study uses the finite element analysis program LISA FEAV.8 to do model analysis.
The author will model the railroad that is above the girder of the track bridge to the stress
behavior due to the load that occurs and the brake force that occurs on the railroad. Based
on two components of the train lines.

The Regulation of theMinister of Transport of the Republic of Indonesia No. PN. 60
of 2012 on the technical standards for the railway line applies to the size of the railway
bearing. The use and installation of a normal 1435mm rail width railway in a specified
cant location [2, 4, 5]

According to Figure 1, the rail structure is created as well as possible to be able to
withstand heavy loads, or the term AXLE LOAD, of the train series running on it. This
way, the steel road can survive for a long time and the train series may travel quickly,
safely, and comfortably.

Fig. 1. The position of laying the railroad tracks on the bearings
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Fig. 2. Railroad concrete bearing

2.1 Bearing Railroad

The bearing keeps the railroad’s width and stability on the outside of the rail by
transferring the weight of the railroad structure and the rail load to the ballast.

Concrete, steel/iron, or wood can all be used to create bearings. The diversity, field
conditions, and availability all factor into the decision of storage type. Each bearing
type’s specifications must make reference to the relevant technical specifications.

For a rail width of 1067 mm, the prestressed steel must have a minimum tensile
strength of 16.876 kg/cm2 and must have a concrete compressive strength of at least
500 kg/cm2 (1.655 MPa). Concrete bearings must have a minimum moment absorption
capacity of 1500 kg/m at the rail seat and the middle of the bearing weighs -930 kgm.
For a rail width of 1435 mm, the quality of the prestressed steel must have a minimum
tensile strength of 16.876 kg/cm 2 and a characteristic concrete compressive strength
of at least 600 kg/cm2 (1.655 MPa). Concrete bearings must be able to absorb the least
amount of moments, depending on the design of the axle load and speed.

2.2 Rail

A. Rails must adhere to the following standards:

1. 10% or more of an elongation;
2. at least 1175 N/mm2 in terms of tensile strength;
3. The rail head’s hardness shouldn’t be less than 320 BHN.

According to the chart and the following Fig. 3, the rail cross-section must match
the rail measurements.:

The explanation of the symbol above is
A = cross-sectional area
W= rail weight per meter
Ix= moment of inertia about the x-axis
Yb= the distance from the bottom of the rail to the neutral line
The maximum pressure (axle load) the rail can withstand during a train pass as well

as the permitted speed of the train as it passes the rail are both impacted by the various
types of rail rod. The axle load that the rail can support increases with increasing "R,"
allowing trains to go over it safely and steadily at high speeds.[4].
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Fig. 3. Rail dimensions

Table 1. - Rail Section Dimensions.

Geometric size Rail Type

R 42 R 50 R 54 R 60

H (mm) 138.00 153.00 159.00 172.00

B (mm) 110.00 127.00 140.00 150.00

C (mm) 68.50 65.00 70.00 74.30

D (mm) 13.50 15.00 16.00 16.50

E (mm) 40.50 49.00 49.40 51.00

F (mm) 23.50 30.00 30.20 31.50

G (mm) 72.00 76.00 74.79 80.95

R (mm) 320.00 500.00 508.00 120.00

A (cm2) 54.26 64.20 69.34 76.86

W (kg/m) 42.59 50.40 54.43 60.34

Ix (cm4) 1,369.00 1,960.00 2,346.00 3,055.00

Yb (mm) 68.50 71.60 76.20 80.95

2.3 Railway Components

After the foundation layer is completed as the foundation of the railway, the next stage
is to build the railway tracks. Please note that each component affects the quality of the
railway itself. Figure 4 shows a railroad schematic and its components.

2.4 Steel Girder

A steel girder bridge, also known as a composite steel girder bridge, is made of common
steel parts that are bolted together. Standard steel girder bridges have class A and class
B spans that are 20 m, 25 m, and 30 m lengthy.

The fundamental component of the railroad’s infrastructure and a feature of the rail
modeof transportation that links the train fromoneplace to another is theRailwayBridge.
For the time being, truss bridges are the norm for choosing materials for railway bridges.
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Fig. 4. Railroad track components (source: www.infovisual.info)

Fig. 5. Railroad track components (source: https://jateng.antaranews.com/berita/360664/jem
batan-kereta-api-di-brebes-gogos-perjalanan-ka-daop-5-purwokerto-terganggu)

In addition to being simple to transport, steel materials are also simple to assemble since
they adhere to the selection standards for steel bridges. Useful, simple to construct,
check, maintain, effective, and able to adapt to the construction environment. There are
two categories of railroad steel bridges:

1. Wall Through Truss (WTT); spans of 35, 42, 51, 76, and 100 m.
2. Wall Through Plate (WTP) with spans of 11, 15, 21, and 31 m

The dimensions of the steel girder used on the railway track bridge are WF
1200.450.20.38 with the following parameters Fig. 5.

2.5 Finite Element Method (FEM)

Using a numerical approach, the finite element method (FEM) can be used to solve
technical analytical issues. To create equations for a linear or nonlinear system, the
finite element method incorporates various mathematical ideas. Over 20,000 equations
are frequently generated, which is a very high number. Therefore, unless a suitable
computer is used, this method has little practical value [6]–[11].

http://www.infovisual.info
https://jateng.antaranews.com/berita/360664/jembatan-kereta-api-di-brebes-gogos-perjalanan-ka-daop-5-purwokerto-terganggu
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Fig. 6. Steel Profile

Table 2. – Bridge girder dimensions.

STEEL PROFILE : WF 1200.450.20.38

Steel profile weight, Wprofil = 3.8844 kN/m

Tinggi, d = 1,200 mm

Width, b = 450 mm

body thickness, tw = 20 mm

wing thickness, tf = 38 mm

r = 22 mm

Cross-sectional area, A = 49,800 mm2

Moment resistance, Wx = 19,518,900 mm3

Wy = 2,028,378 mm3

Moment of inertia, Ix = 11,711,340,000 mm4

Iy = 456,385,000 mm4

rx = 485 mm

ry = 96 mm

Girder span length, L = 20,000 mm

Concrete slab thickness, h = 200 mm

Strain (deformation), stress, temperature, pressure, and flow rate are produced when
a structure is subjected to forces like stress, pressure, temperature, flow rate, and heat.
The characteristics of the force and stress system itself determine how the ensuing action
(deformation) is distributed throughout the body. You may find the distribution of this
effect, given as displacement, using the finite element approach.
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Fig. 7. Cross Section of Railroad in Straight Section

Finding the displacements of vertices, connections, lattices, and structural forces is
a problem that is solved by the finite element method using an element discretiza-
tion approach. The matrix method for structural analysis is related to discrete ele-
ment equations, and the outcomes are the same as those of traditional structural anal-
ysis. One-dimensional (line elements), two-dimensional (plane elements), or three-
dimensional (volume/continuum elements) discretization techniques are available. This
method employs a continuum element to find a more accurate solution [12, 13]

2.6 LISA

Three distinct models of heat exchangers were utilized to evaluate the temperature rise
using LISA, a well-known finite element analysis program. The line element model, the
shell model, and the solid model are the three different sorts of models, in decreasing
order of complexity and ease of fabrication.

LISA offers a selection of frequently used structural shapes for line elements, so
users just need to enter the element’s dimensions in one dialog box and its thermal
conductivity in another.

Since we cannot completely rule out convection while creating the baseplate surface
with the face selection tool, the convection coefficient of the baseplate surface must be
set at half the value used elsewhere for line element models only. Just use common sense,
actually.

It is simple to omit the mounting surface from convection for the other two models;
we simply don’t choose that surface. In each scenario, the volume of the entire floor
slab is thought to be used as the heat source and an internal heat generator is utilised.
Applying boundary conditions to a line element model calls for caution. When "Area"
is selected, LISA chooses all surfaces of the line elements [14–20].

3 Results and Discussion

Figures 1 and 10 illustrate a typical scheme across railways under cant conditions, with
the bearing railway state limited to conditions with a rail width of 1435 mm and a
maximum height of 150 mm.

(Railway Width 1435 mm)
For a typical rail width as shown in Fig. 11.
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Fig. 8. Railway width 1435 mm

Fig. 9. Rail section size R.60

The maximum P-load of the axle is 22.5 tons when using the rail type, R.60 with the
bearing type shown in Fig. 12, and for the three types of analysis used, steel, concrete,
and wood, the distance between the bearing axes is 60 cm. The road class is limited to
the rail class Type I with a load capacity >20.106 tons/year and a speed of 160 km/h.

3.1 Stress Behavior on Railroad Bridge Girders Due to Service Loads with LISA
FEA

The position of the steel girder of the railroad track bridge is modeled in accordance
with Figure 10, where the girder is symmetrically parallel to the position of the railroad
tracks with a distance of 1509.3 mm and the dimensions of the concrete bearing used,
the length of the bearing with the axle load above. is 2,740 mm 22.5 tonnes and has a
maximum width of 330 m with a height under rail mount 220 mm. The maximum axial
load, or 22.7 tons, is applied to the top surface of the rail, which has a width of 74.2 mm,
dividing the load into 3032,345013 N/mm equally.
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Fig. 10. Modeling of railroad track steel girder bridge with service load

From Figure 10 shows the pattern of loading on the cross-section of the railroad that
is above the bridge girder and Figure 11(a) shows the pattern of stress distribution that
occurs in the entire cross-section of the railroad track bridge.

It can be seen that a large stress occurs at the top of the rail surface, the greatest
stress focuses on the meeting part of the rail head with the rail web itself because the
load acts directly at the location of the rail surface, and the stress that occurs on the
railroad is 32.91 N/mm2 according to the Figure 11(b), on another element, namely
railroad sleepers, also experience stress resulting from the stress distribution carried by
the railroad and centered on the area where the bottom of the railroad meets the bearing,
where a stress of 16.32 N/mm2 occurs as seen in the Fig. 11(c) and on the impacted
girder, the result of the stress distribution that occurs in the two elements above it is 9.39
N/mm2 as shown in Figure 11(d).



Behavior of Railroad Bridge Girders 33

Fig. 11. (a) stress distribution behavior across the cross-section (b) the stress on the railroad tracks
(c) stress that occurs in the rail bearing (d) stress on the bridge girder.
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Fig. 11. (continued)

3.2 Stress Behavior on Railway Bridge Girders Due to Brake/Shock Loads
with LISA FEA

The shock load is calculated by dividing the load vector by the factor i. The formula
for railways directly on steel provides the most straightforward method for calculating
factor I. Where i = shock factor, L = span length (m).

i = 0.3+ 25

50+ L

The length of the span between the railroad tracks is 1200mm, the value of the shock
factor caused by the train brake is 0.788281, and the load on the rail surface is 3032
N/mm, where the load due to the shock factor is 2390.34 N/mm so the total load when
the brake occurs is 5423 N/mm

It can be seen that a large stress occurs at the top of the rail surface, the greatest stress
focuses on the meeting part of the rail head with the rail web itself because the load acts
directly at the location of the rail surface, and the stress that occurs on the railroad is
58.85 N/mm2 according to the Fig. 12(b), on another element, namely railroad sleepers,
also experience stress resulting from the stress distribution carried by the railroad and
centered on the area where the bottom of the railroad meets the bearing, where a stress
of 22.94 N/mm2 occurs as seen in the Fig. 12(c) and on the impacted girder, the result of
the stress distribution that occurs in the two elements above it is 16.76 N/mm2 as shown
in Figure 12(d).
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Fig. 12. (a) stress distribution behavior across the cross-section (b) the stress on the railroad tracks
(c) stress that occurs in the rail bearing (d) stress on the bridge girder
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Fig. 12. (continued)

4 Conclusion

The stress that develops on the railroad track girder bridge under two separate loadings,
namely the service load and the load from braking shock, is discovered using the Finite
Element Analysis (FEA) modeling technique with LISA V.8 software. According to the
results of the analysis of the stress distribution behavior that happens on the railroad track
girder bridge with two types of loading, namely the service load and the shock/brake
load, the starting stress that occurs due to the service load is 32.91 N/mm2 and the
increase in stress that occurs due to the brake load is 58.85 N/mm2. The service load
causes a stress distribution on the bridge girder of 9.39N/mm2, and the brake load causes
a stress distribution of 16.76 N/mm2. Whereas the ratio of the increase in stress on the
railroad is 1.788, and the ratio of the increase in stress on the bridge girder is 1.784.
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