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' Slab Track Railway
¥ Track components
¥ Ballasted track

¥ Vibrations

® High speed railway

* Dynamic behavior of slab track
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' Rheda 2000

¥ Shinkansen

¥ 3D Modelling

¥ Finite Element Method (FEM)

% Frequency response

* ABAQUS

¥ Concrete Bearing Layer (CBL)

A Hydraulically bonded Bearing Layer (HBL)
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' Frost Protective Layer (FPL)
¥ Subsoil

¥ Receptance function

¥ Sleepers

® Fastenings

* Euler-Bernoulli beam

¥ Solid element

A Rails on discrete support
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' Railpad

¥ Spring and Dashpot

¥ Frequency analysis

¥ Steady-state dynamic analysis

® Vibration mode shapes
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¥ Rayleigh-Timoshenko beam
¥ Dahlberg
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' Inertia

¥ 2D beam

¥ Differential equation
¥ Stiffness

¢ Damping
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' Angular frequency
¥ Shear deformation
¥ Rotational inertia
¥ Shear modulus
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ODB: GeneralRhedaModel.odb Abaqus/Standard 6.14-1  Fri Jul 01 16:47:56 Iran Daylight Time 2016

Step: Step-1

Mode 7: Walue = 13167 Freq= 5.7751 ({cycles/time)
Primary Var: U, Magnitude

Deformed War: U Deformation Scale Factor: +3.055e+00

ODB: RhedaHBLHeightiModel2.odb  Abagqus/Standard 6.14-1  FriJul 01 17:21:14 Iran Daylight Time 2016

Step: Step-1

Mode 7: Value = 15076 Fregq= 6.1796 ({cycles/time)
Primary Var: U, Magnitude

Deformed War: U Deformation Scale Factor: +3.055e+00
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ODB: GeneralRhed: odb  Abagus/Standard 6.14-1  FriJul 01 13:21:55 Iran Daylight Time 2016

Step: Step-1

Mode 6: Walue'= 94828 Freq= 4.9010 (cycles/time)
Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +3.055e+00

U, U1

ODB: GeneraIRhedaModei.qdb Abaqu andard 6.14-1  Fri Jul 01 14:02:43 Iran Daylight Time 2016

Step: Step-1

Mode 6; Value = 1202.3 ' 5.5186 (cycles/time)
Primary Var: U, U1

Deformed Var: U Deformation Scale Factor: +3.055e+00
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ODB: RhedaSubsoilWidthModell.odb - Abagus/Standard 6.14-1  Fri Jul 01 18:05:07 Iran Daylight Time 2016

Step: Step-1

Mode 6; Value = 230.81 Freq= 24180 ({cycles/time)
Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +3.055e+00
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ODB: RhedaSubsoilWidthMadel2.odb wabaqus/Standard 6.14-1  Fri Jul 01£18:35:0S Iran Daylight Time 2016

Step: Step-1

Mode 7: Value = 148,95 Freq= 1.9424 ({cycles/time)
Primary Yar: U, Magnitude

Deformed Var: U Deformation Scale Factor: +3.055e+00
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ODB: ShinkansenCBLHeightModell.odb  Abagus/Standard 6,14-1 Wed Jul 13 09:0 Iran Daylight Time 2016

Step: Step-1

Mode 6: Walue = 1592.8 Freq= £.3518 (cycles/time)
Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +2,995e+00

ODB: ShinkansenCBLHeightModel2.0db  Abagqus/Standard 6,14-1 Wed Jul 13 12:03:24 Iran Daylight Time 2016

Step: Step-1

Mode 6: Walue = 1658.7 Ffreq= £.4820 (cycles/time)
Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +2,995e+00
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ODB: ShinkansenHBLHeightModell.odb  Abaqus/Standard 6.14-1 Mon Jul 18 09:17:56 Iran Daylight Time 2016

Step: Step-1

Maode Y 201,91 Freg= 2.2615 ({cyclesftime)
Primary Var: U, Maanitude

Deformed Var: U Deformation Scale Factor: +2,995e+00

ODB: ShinkansenHBLHeightModel2.odb  Abagus/Standard 6.14-1 Tue Jul 19 12:13:50 Iran Daylight Time 2016

Step: Step-1

Mode 3: Value = 332,08 Freq= 2.9003 (cycles/time)
Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +2,995e+00
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Abstract: In recent decades, the use of railway transport infrastructures has
increased because of high safety, efficiency and little effects on the
environment. This has led human to think about ways to speed up, increasing
the capacity of cargos and better use of the trains. Due to the extreme
limitations of ballasted tracks (e.g., speed and capacity limitations, etc.) and
the high cost of repairing these tracks, using of slab tracks was replaced.
Increased usage of slab tracks brought new challenges in railway track
dynamics that requires a better understanding of it.

The aim of this thesis is to study the effects of dimensional and
mechanical parameters of the track components (including the thickness of
layers, elasticity modulus of layers, the distance of sleepers and fastenings
and width of the subsoil layer) on vertical dynamic response of a three-
dimensional model using the finite element method (FEM) with
ABAQUS/CAE. Because of existence of varieties of slab tracks, two of the
most widely used tracks in the world (Rheda 2000 and Shinkansen) has been
studied. The finite element analysis was done based into two categories:
eigenvalue analysis and steady-state dynamic analysis. The natural
frequencies and corresponding vibration modes were extracted by using
eigenvalue analysis and then by using steady-state dynamic analysis,
frequency response functions of the track extracted. Track components have
been studied separately, and a comparison between the effects of the layers
on the dynamic behavior of track was investigated.

The results of this thesis shows that by decreasing the elasticity modulus
of the track components leads to decreased resonance frequencies and
increased vertical frequency responses of the track. Besides, increasing the
thickness of layers leads to increased resonance frequencies and decreased
vertical frequency response of the track. Elasticity modulus of HBL in Rheda
2000 and Shinkansen, the thickness of CBL in Rheda 2000 and thickness of
HBL in Shinkansen are parameters which have the most effects on the
dynamic behavior of this slab tracks.

Keywords: slab track modelling, track vertical dynamic behavior, FEM,
frequency response function, resonance
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