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PREFACE
After the success of Modern Railway Track this Second Edition is an extension and complete revision
of the original book, in which the developments of the last ten years have been incorporated. The
research projects carried out at the Railway Engineering Group of Delft University of Technology have
played a central role. The theory of railway track and vehicle track interaction has been substantially
enhanced and much more attention has been given to dynamics. Undoubtedly one of the most impor-
tant extensions was the part on slab track structures. But also track management systems have been
given much more attention. Numerical optimization and testing, as well as acceptance are new chap-
ters.

When revising the lecture notes for the railway course at the Civil Engineering Department of TU Delft
in the period 1994 - 2000 the first edition of this book was taken as a starting point. The first edition
and the TU Delft lecture notes, together with various publications and research reports, mainly of the
railway engineering group of TU Delft, were then forming the base for the second edition.

The staff of the railway engineering group at TU Delft has made a great contribution to the composi-
tion and revision of the various chapters. Also the industry provided some important contributions,
specifically on the chapters dealing with rail manufacturing, track components, maintenance and
renewal, as well as inspection systems.

The first seven chapters are dealing with the basic theory of the wheel rail interface and track design.
In the design attention is given to both static and dynamic aspects, whereby a number of examples is
given of results obtained from computer models like RAIL, GEOTRACK and ANSYS. In the part on
stability and longitudinal forces the CWERRI program is extensively discussed.

The discussion of track structures has been split up into a chapter on ballasted track and one on slab
track. The first one is dealing with the conventional structures and modern ballasted designs,
whereas the slab track chapter focuses on developments of the last decades. Both continuous slabs
and prefabricated solutions are addressed in combination with discretely supported and continuously
supported rails.

The chapter on rails has been brought to the state of the art, with introducing the new EN standards
and discussing the latest inspection systems. Also the latest information on bainitic rail steels has
been incorporated.

For switches and crossings high-speed turnouts are discussed, together with the geometrical design
criteria, and also modern inspection systems for controlling switch maintenance.

In railway engineering practice track maintenance and renewal forms a key factor. The latest track
maintenance methods and the associated machines are presented, being a major extension com-
pared to the first edition of this book. The part on track deterioration has now been incorporated in this
chapter.

Optimization was one of the issues very much underestimated in railway engineering. Such tech-
niques are not only applicable to components and structures, but also to decision support systems
and resource optimization. A separate chapter has been added called numerical optimization with the
main emphasis on structural components.

From the outset railway engineering has always had a strong component in experimental work.
Therefore a new section has been added on testing and acceptance, in which also the issue of
acceptance criteria for new railway components is addressed.

The chapter on noise and vibration is describing the fundamentals and has been taken over from the
first edition with only a few modifications.



PREFACE Modern Railway Track

xii

The chapter on inspection and detection methods has been completely revised. The original chapter
was primarily based on NS experience. Now the state of the art inspection systems have been intro-
duced. However the fundamental parts of the first edition have been left in tact.

The chapter on high-speed tracks contains some applications of high-speed projects and some dedi-
cated issues such as pressure waves in tunnels. Also a section is devoted to magnetic levitation.

In track maintenance management systems various issues on track maintenance and renewal deci-
sion support are described, as well as monitoring of phenomena relevant to the various maintenance
processes. Special attention is given to the ECOTRACK system, developed under the auspices of
UIC and maintained and supported by TU Delft.

Railway assets involve a large capital and need to be managed carefully. The chapter on this issue
deals with the general principles of asset management and the way in which such systems can be set
up.

The final chapter is dealing with life cycle cost analysis. After describing the general principles a
number of case studies are discussed.

Zaltbommel, Summer 2001

Coenraad Esveld
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1 INTRODUCTION

1.1 Historic development

The rail as supporting and guiding element was first utilised in the sixteenth century. In those times
the mines in England used wooden roadways to reduce the resistance of the mining vehicles. The
running surface was provided with an uprising edge in order to keep the vehicles on the track.
During a crises as a result of overproduction in the iron industry in England in 1760, the wooden rails
were covered with cast iron plates which caused the running resistance to diminish to such an extent
that the application of such plates soon proliferated. About 1800 the first free bearing rails were
applied (Outtram), which were supported at the ends by cast iron sockets on wooden sleepers.
Flanged iron wheels took care of the guiding, as we still practice now. In the beginning the vehicles
were moved forward by manpower or by horses.

The invention of the steam engine led to the first steam locomotive, constructed in 1804 by the Eng-
lishman Trevithick. George Stephenson built the first steam locomotive with tubular boiler in 1814. In
1825 the first railway for passengers was opened between Stockton and Darlington. On the mainland
of Europe Belgium was the first country to open a railway (Mechelen - Brussels). Belgium was quick
to create a connection with the German hinterland bypassing the Dutch waterways. The first railway
in The Netherlands (Amsterdam - Haarlem) came into existence much later: only in 1839. Here the
railway was regarded as a big rival of the inland waterways.

The railways formed a brand new means of transportation with up till then unknown capacity, speed,
and reliability. Large areas were opened which could not be developed earlier because of the primi-
tive road and water connections. The railways formed an enormous stimulus to the political, econo-
mical and social development in the nineteenth century. Countries like the United States and Canada
were opened thanks to the railways and became a political unity. In countries like Russia and China
the railway still plays a crucial roll.

The trade unions originated when the railways were a major employer (railway strikes in England in
1900 and 1911 and in The Netherlands in 1903). The railway companies were also the first line of
business which developed careful planning, organisation and control systems to enable efficient man-
agement. Moreover, they gave the impulse to big developments in the area of civil engineering (rail-
way track building, bridges, tunnels, station roofing).

1.2 Railways

While the railways found themselves in a monopoly position up to the twentieth-century, with the
advent of the combustion engine and the jet engine they had to face strong competition in the form of
buses, cars and aeroplanes.

Mass motorization after World War II expressed by the growing prosperity brought about many prob-
lems, especially in densely populated areas: lack of space, congestion, lack of safety, emission of
harmful substances and noise pollution. Exactly in these cases railways can be advantageous as they
are characterized by the following:

– Limited use of space compared to large transport capacity;

– Reliability and safety;

– High degree of automation and management;

– Moderate environmental impact.
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1.6.2 Load-bearing function of the track

Figure 1.8: Conventional track structure

Figure 1.9: Principle of load transfer
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2.7.7 Creepage coefficients

Figure 2.24: Origination of pure spin
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3.10.2 Case 1: Investigation of dynamic effects

Figure 3.16: Track geometry: horizontal plane (a) and cant (b)

Figure 3.15: Response function of train (ICE) moving at 300 km/h
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5 STATIC TRACK DESIGN

5.1 Introduction

5.2 Supporting models 

5.2.1 Winkler support model

σ

5.2.2 Discrete rail support

Figure 5.1: Winkler support model
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Figure 5.2: Discrete elastic support model

Rail support:Rail support:

F xi( ) CArsw xi( ) kdw xi( )= =

kd CArs=

kd
ΣF
Σw
-------- Q

Σw
--------= =



5 STATIC TRACK DESIGN Modern Railway Track

5.11 Two Case ERS designs

5.11.1 Testing of the UIC54 ERS

Test Angle Load Type of Load

P

P

P P

P P

P

Table 5.11:  Tests determining the elasticity

Figure 5.30: Standard UIC 54 Embedded Rail 
Structure

Figure 5.31: Testing with different loading cases
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6 DYNAMIC TRACK DESIGN

6.1 Introduction

Figure 6.1: Dynamic model of vehicle-track interaction
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6.3.4 Discrete support

6.4 Vertical wheel response

6.4.1 Hertzian contact spring 

Figure 6.20: Actual measurement on soft soil

Figure 6.19: Wave propagation at high speed
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7 TRACK STABILITY AND LONGITUDINAL FORCES

7.1 Introduction

Figure 7.1: Example of track buckling

Figure 7.2: Typical buckling shape
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Approach 1 for determining ΔT

Δ

Approach 2 for determining ΔT

Δ
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Δ Δ
Δ
Δ
Δ

Figure 7.47: Buckling energy concept illustration
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8 BALLASTED TRACK

8.1 Introduction

Figure 8.1: Principle of track structure: 
cross section

Figure 8.2: Principle of track structure: 
longitudinal section
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8.8.4 Elastic fastenings

Figure 8.22: Effect of sleeper treatment 
with araldite

Figure 8.24: Pandrol FastclipFigure 8.23: Pandrol fastening system

Figure 8.26: Nabla fastening systemFigure 8.25: Vossloh fastening system
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9 SLAB TRACK

9.1 Introduction

9.2 Ballasted track versus slab track

Figure 9.2: ... and slab trackFigure 9.1: Ballasted track ...
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Integrated techniques for slab track installation

Figure 9.15: Track assembly, track on top of the concrete roadbed
on the concrete roadbed (for the project Leipzig-Gröbers)

Figure 9.16: Alignment portals in the Leipzig-Gröbers project
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10.1 Introduction

10.2 Modern rail manufacturing

10.2.1 Blast furnace
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Figure 10.3: Basic Oxygen Furnace (BOF) (Corus) Figure 10.4: Filling proces of converter
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10.2.3 Vacuum degassing and argon flushing

10.2.4 Continuous casting

Figure 10.5: Schematic representation of a vacuum degassing unit (Thyssen)

Figure 10.6: Principle of a Contin-
uous Casting machine (Thyssen)
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°

Figure 10.7: Some pictures of the continuous casting process

Figure 10.8: Hot strands passing through cooling chambers 
in a circular arc
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10.4.3 Post-processing of flash butt welds in the NS welding depot

Figure 10.48: NS post-processing flash butt welds

Figure 10.49: Press and operating console used at KHRC

Figure 10.50: Plasser & Theurer STS 220 stationary grinder
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11 SWITCHES AND CROSSINGS

11.1 The standard turnout

Figure 11.1: Standard right-hand turnout

Figure 11.2: Picture of right-hand turnout
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11.1.1 Set of switches

Figure 11.3: Cross-sectional drawing of switch blade and stock rail

Figure 11.4: Switch blade and stock rail

Figure 11.5: Cross-sectional drawing of T-rail switch blade
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11.1.2 Common crossing

Figure 11.6: Switch with integrated hydraulic setting and locking sys-
tem

Figure 11.7: Modern electrical point machine
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12.1 Introduction 

Visual inspection

Safety

Figure 12.1: Schematic survey of maintenance and renewal process
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Figure 12.6: Grinding units with rotating stones Figure 12.7: Principle of pivoting the Speno grinding units

Figure 12.8: As-ground rail with the different facets clearly visi-
ble

Figure 12.9: Asymmetric ground rail profiles
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Alignment

,
Figure 12.30: Comparison of theoretical and actual transfer function
for 07-32 tamper

λλ

Figure 12.31: 4-point lining principle Figure 12.32: 4-point lining system with error F0 at front end
of lining chord
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12.7.2 Measuring philosophy used for the stone blower

Figure 12.44: Stoneblower operated at RAILTRACK
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12.10 Mechanised track maintenance train

12.11 Ballast cleaner

Figure 12.56: Mechanised track maintenance train MDZ 2000
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Blanketing machine with ballast rehabilitation

Figure 12.61: Formation rehabilitation machine AHM 800 R
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13.1 Introduction
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B2

Figure 13.2: Extended (a) and random plan of experiments in MARS method
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Numerical models

.

Figure 13.5: 3-D (a) and 2-D (b) finite element models of ERS with SA42 rail

Figure 13.6: RAIL model of ERS (moving train loading case) 

Kstat Kdyn Kstat Fy uy 1,⁄=
Kdyn 2Kstat= uy 1,
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Figure 13.11: Initial design of ERS with conventional rail (a) and result of 
multi criteria optimization with equal preference (b)

Figure 13.12: Geometrical results of multi criteria optimization, variation of preferences for noise ( ) and maintenance ( )wN wM

wC 0.1=

wN
wM

wN 0.1=

wM
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13.6.3 Numerical model

Figure 13.26:  Hammer Excitation Test on classical track (a) and Embedded Rail Structure (b) 

HAF kg 1–[ ] F
A

HAF f( )
SAF f( )
SFF f( )
----------------=

SAF mN s⁄[ ]

SFF N2s[ ]

f Hz[ ]

HXF m N⁄[ ]
F

X

HXF f( )
SXF f( )
SFF f( )
---------------- 1

2πf( )2
----------------

SAF f( )
SFF f( )
----------------= = SXF f( ) 2πf( ) 2– SAF f( )=

SXF mNs[ ]

HAF f( ) 2πf( )2HXF f( )=



 Modern Railway Track    14 TESTING AND ACCEPTANCE

14 TESTING AND ACCEPTANCE

14.1 Introduction

14.2 Component testing and acceptance

14.2.1 Mechanical properties

Elasticity Strength Stability Durability

Table 14.1:  Overview of the most important track properties of each component

Figure 14.1: New developments in railway track require testing 
before acceptance
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14.2.4 Stability properties

Figure 14.10: Longitudinal resistance test of a fastening 
system mounted on sleeper

Figure 14.9: Longitudinal resistance test of an embedded 
rail section
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Figure 14.25: Extracting embedded rail dynamic properties by means 
of curve-fitting of the recorded transfer function

Figure 14.24: Recording properties of embedded rail 
test sample in laboratory

Figure 14.26: (a) Simulated and recorded transfer functions of embedded rail structure at rail head 

Simulation RecordingSimulation Recording
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15 NOISE AND VIBRATION

15.1 Introduction

15.2 Some definitions

Figure 15.1: Noise and vibration radiation principle
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Figure 15.2: Relationship between dB scale and linear scale
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Silent steel bridges

Figure 15.19: Traditional embedded rail concept on steel bridge

Figure 15.20: Silent bridge cross section and view of a bridge

Figure 15.21: Measured noise 
energy levels at silent bridge and at 
conventional bridge
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16 INSPECTION AND DETECTION SYSTEMS

16.1 Railway Infrastructure Monitoring

16.2 Tunnel monitoring

Figure 16.1: Tunnel profile laser/visual/thermal scan processing system - Scan View
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Rail surface

16.7.4 Overhead wire recording

Figure 16.49: Real-time diagram of the rail cross-section

Figure 16.50: Overhead wire measuring system of Plasser & Theurer
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16.7.7 Track recording cars

High speed track recording cars

Figure 16.51: High speed track recording coach EM 250 of ÖBB

Figure 16.52: Data flow of EM 250
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Recording cars for standard speeds

– UFM 120 on Netherlands railways

– EM 130 on Belgium railways

Recording cars for smaller networks

Figure 16.53: Track recording car UFM 120 Figure 16.54: Track recording car EM 130 of SNCB

Figure 16.55: Track recording car EM 130 of SNCB
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∞

16.10.3 Dynamic signals

Vertical

Figure 16.77: Principle of an inertial measuring 
system
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φ

16.10.4Quasi-static signals

Figure 16.81: Laser system mounted in measuring bogie

Figure 16.82: Principle of galvo control to position laser 
spot on rail head
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Figure 16.83: Transducer for vertical displacement 
between axle and bogie frame
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16.12.3 Track geometry spectra

Table 16.7:  Conversion table for track recording car output

Figure 16.101: Psd-functions for vertical track geometry based on BMS measurements carried out for ORE D 161
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17 HIGH-SPEED TRACKS

17.1 Introduction

17.1.1 Vehicle reactions

Σ

Table 17.1:  Safety limits for high-speed operation
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17.2 The Korean High Speed Railway Project

17.2.1 Introduction

17.2.2 Civil Works

Figure 17.3: Seoul-Pusan High Speed Line
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17.3.4 Basic design criteria for tunnels

Figure 17.11: Wave forms in tunnel
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Δ
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Figure 17.18: Levitation principle
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Figure 17.19: Lateral positioning principle

Figure 17.20: Propulsion 
principle
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18 TRACK MAINTENANCE MANAGEMENT SYSTEMS

18.1 Introduction

Figure 18.1: Total annual expenditure for maintenance and 
renewal at NS (price level 2000)

Figure 18.2: Types of data to be col-
lected for computer-aided Track Main-
tenance Management Systems

InspectionsInspections

TMMSTMMS Work carriedWork carried
outout

CostsCosts

MeasurementsMeasurements

PlanningPlanning

InfrastructureInfrastructure
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18.8.3 System functions and process

Level 1 - Initial diagnosis

Level 2 - Detailed diagnosis

Level 3 - Coherence of the elementary M&R
works

Level 4 - Optimization of resource allocation

Figure 18.8: ECOTRACK Rules
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Figure 18.9: ECOTRACK - Func-
tional Process
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19 RAILWAY ASSET MANAGEMENT SYSTEMS

Figure 19.1: Core Elements of an AMS
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19.3.2 Method using laser, video and GPS technology

Figure 19.3: Graphical Presentation of FLI-MAP Data Collection System
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19.4 Integrating a Railway Asset Management System

Figure 19.11: GIS background layout of an AMS [62]

Figure 19.12: GIS background layout
of an AMS (2) [62]
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20 LIFE CYCLE COST ANALYSIS

20.1 Life Cycle Costing

'Life cycle management'

'Performance-based contracts'

'Maintenance window scheduling'

 in the long
term

20.1.1 Life Cycle Costing principles
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2. Maintenance and renewal analysis

3. Impact estimation

4. Financial data

1. Transportation data 2. M&R process data3. Impact estimation

6. Performance analysis5. Total cost estimation4. Financial data

1. Transportation data 2. M&R process data3. Impact estimation

6. Performance analysis5. Total cost estimation

Figure 20.2: Life Cycle Cost DSS model-base



 Modern Railway Track    INDEX

INDEX
Numerics

365
364
364

364

A
93

42
286

494
32
43

459
380

30
366 368

13 364
46

241
591 603

465
102 104
220

279
245

608, 605
475 591, 603

353
517

464
336

351 375 553
460

69 526
55 62 63

B
68
92, 205

377
223 469

224
223

223
224

551
375
375

203 231 232 240
463

281
220

275, 277

114
117

71 74 80
85

142
380

275
281

526
528
123 405

38

87
62

476
210

470
299

18
465

527

C
102, 591

96, 204
529

37 58
43

39

279
279

7
96, 204

262
494

292
75, 118
508

222
10
337

40
261

598
277

470
214

491
18, 21

396
205

360
279
388

314
40
58, 319 514 563

407
595
301, 304

230
27, 29

118, 120
301, 305

507
333

337, 344
341

205
205

331
35, 540

41
64

35
64

31 43
83, 384



INDEX Modern Railway Track

D
329

459
257

59
351, 374

514

400
401, 402, 593

403
406

404
401, 599

403
9

494, 598
465
253
71, 121

366
481

482
482

116
209

366
287

37 407 467
376

359
287, 288

163 166 170
260

157
108

167
527

107
375

E
595 596 603

284
591

91 92
247
221

75
211
256

6
512

162
104, 159, 253, 255, 472

367 368, 552
367

297
265

469
21

80

206, 551
597
550

496 515
297

204
90

209
209

596

F
493

331
476

219
220

220
221
220

221
221

222
221, 252

85 300
282

208
18

18
20

211
306, 309

206
110
258

606
32

204
379

379, 381
92 93

115
71 260

122
547

300
218

112 122
109

143
40

G
386, 387 398

542
35

337
286

381
100

523
210

368 606
35, 44

44
31, 44

379
205

353
309

352
353

206
478 479 552

460



 Modern Railway Track    REFERENCES

REFERENCES



REFERENCES Modern Railway Track


