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1. INTRODUCTION 

At the request of Turkish State Railways TCDD an investigation was carried out at 29 July 2004. The trip was 
organized by Mr. Deniz, Director of Foreign Relations Department and translational assistance was provided 
by Ms. Hülya Cilgi.

The place of the accident near Pamukova was visited and detailed explanation was given by Mr. Erol INAL, 
Deputy Director General, and various members of his staff. 

The track was inspected, ie the part directly before the place of the accident, the place where the derailment 
was initiated and the part where the track was demolished due to the derailment. 

Also a thorough look was given to the rolling stock, and in particular the wheels of the coaches at the side of 
the track. 

2. INFORMATION PROVIDED BY TCDD AT THE SITE 

According to the information provided by TCDD the last axle of the trailing bogie of the second coach behind 
the locomotive, traveling from Istanbul to Ankara, derailed at km 183+347. This occurred at the end of the 
sharp curve with R = 345 m, in the middle of the transition curve. At that time the train had a speed of ap-
proximately 132 km/h, whereas the allowable speed was 80 km/h. This second coach subsequently hit a 
concrete wall (culvert), was detached from the train and was rotated 180 degrees. The first coach was towed 
by the locomotive for approximately 300 m before locomotive and first coach came to a stand still. The loco-
motive did not derail and could be moved to the workshop on its own power via the track. 

Point of derailment 
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3. OBSERVATIONS DURING INSPECTION OF THE SITE ON 29 JULY 

When arriving at the site in 
the late afternoon first the 
track was walked in the direc-
tion from Ankara to Istanbul 
until the end of the 345 m 
curve. Subsequently the track 
was walked in opposite direc-
tion. The track consisted of 
concrete sleepers, 49 kg/m 
rails and so-called K-
fastening system. For details 
please refer to Appendix C. 
Some of the sleepers had 
light damage traces, which 
were, as explained by Mr. 
Inal, from earlier derailments 
of freight wagons. 

At the point of derailment no 
climbing marks could be 
found.

Figure 1 Point of Derailment 

As at this point the wheelset 
of the second coach had a 
lateral displacement outside 
the track of 90 cm it is most 
probable that the wheelset 
derailed at an earlier point. 

Figure 2 Wheelset was stepped out over 90 cm 
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In the left hand rail of this pic-
ture a rather poor weld can be 
observed. This weld is at a 
short distance from the point 
of derailment in the opposite 
rail. The influence of a con-
centrated geometrical defect 
as caused by this poor weld 
has been investigated in the 
simulations with ADAMS/Rail. 
The transverse rail profile did 
not show any substantial de-
viations.

Figure 3 Curve seen from Ankara to Istanbul 

Here the track is viewed in 
the opposite direction with the 
poor weld now in the right 
hand rail. The contact band 
on the rail is at the right place 
approximately in the middle. 
There are no lateral shifts and 
also at the weld the contact 
band seems to be at the right 
place.

The fastening system seemed 
to be in good condition: no 
loose fasteners between rail 
and baseplate and between 
baseplate and sleeper. 

Figure 4 Transition curve seen from Istanbul to Ankara 



ECS

 - 4 - 

Walking through the curve 
with R = 345 m. The concrete 
sleepers are well embedded 
in the ballast and there is also 
a enough ballast shoulder to 
guarantee sufficient lateral 
track resistance. 

During the inspection special 
attention was given to devia-
tions in the track geometry 
and in particular to local ir-
regularities. Despite the one 
poor weld no severe irregu-
larities were found. 

Figure 5 Mid of curve seen from Istanbul to Ankara 

At the point of derailment 
there is plenty of ballast. Also 
from other observations in the 
track no lateral shifts could be 
identified.

Figure 6 Ballast shoulder at point of derailment (Istanbul - Ankara) 
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In Figure 7 damage to the 
sleepers and fastening sys-
tem is clearly seen. The right 
hand wheels were riding on 
the sleepers close to the left 
hand rail. 

Figure 7 Track damage between point of derailment and Culvert (Ist - Ank) 

The track just before the cul-
vert. Here the same damage 
to the track is observed as 
seen in the previous picture. 

Figure 8 Damage to the track near Culvert (Ist - Ank) 
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The culvert with the concrete 
wall to which the derailed car 
(second car behind the loc)  
collided. From here on the 
accident escalated. The sec-
ond coach turned around over 
180 degrees and caused the 
derailment of 3 other cars. 

From here on the track was 
partially destroyed and re-
paired before my visit to the 
site took place. 

Figure 9 Concrete wall of culvert (Ist - Ank) 

Here some of the replaced 
damaged sleepers are stored. 

Figure 10 Replaced damaged sleepers left of Ist - Ank 
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Special attention was given to 
the wheels because they con-
stitute an important link be-
tween vehicle and track. Spe-
cial attention was given to the 
occurrence of worn wheels 
and also hollow wheel threats 
and  false flanges. 

In general it could be con-
cluded from the inspection 
that the wheels were in good 
condition and no abnormal 
deviations could be found. 

Figure 11 First bogie of derailed coach 

Figure 12 Left wheel derailed bogie second coach 
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Figure 13 Right wheel of first bogie derailed coach 

Figure 14 Coach right of track Ist - Ank 
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Figure 15 Wheels derailed bogie 

Figure 16 Wheel detail derailed bogie 
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Figure 17 Wheel detail derailed bogie 

Figure 18 First coach behind the loc 
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Figure 19 Wheel 1 of first coach 

Figure 20 Wheel 2 of first coach 
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4. ADDITIONAL INFORMATION ON PAPER 
By TCDD a set of papers was 
handed over containing information 
relevant to the accident. The most 
important parts used in this investiga-
tion are attached in the appendix C. 
From the graph of the tachograph it 
can be observed that the actual 
speed at the time of the derailment is 
about 132 km/h (after correction of 
the figures on paper with a factor of 
1.2).

The strip chart of the track recording 
car was provided and the TCDD au-
thorities stated that the geometrical 
deviations presented were all within 
the tolerances laid down in the speci-
fications. It was impossible to receive 
these data in a digital format for 
processing in the numerical simula-
tions. Also it was not clear what the 
relationship was between the meas-
ured geometry and the real geome-
try, i.e. the so-called transfer func-
tions. 

 Figure 21 Speed chart. The values should be multiplied by a 
scale factor of 1.2 

Figure 22 Track recording car chart 
Point of Derailment
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5. ANALYSES WITH ADAMS/RAIL 

From the data provided by TCDD the non-compensated lateral acceleration at 132 km/h could be calculated. 
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This acceleration is about 3.0 times the allowable value. As such manual calculations are insufficient to ex-
plain the derailment it was decided to carry out a comprehensive analysis with the ADAMS/Rail computa-
tional package. For details on the package please refer to the next chapter 5.1 and also to [2]. 

Due to the limited time available to analyze the derailment it was decided to take the track and vehicle com-
ponents from the ADAMS/Rail library. For the rails the German S49 (Figure A.1) was taken and for the 
wheels the UIC S1002 profile (Figure A.2), which are quite close to the Turkish components. The coach with 
Y32 bogies was more or less standard and it was available in the ADAMS/Rail library. The analyses have 
been restricted to just one coach, i.e. the coach which derailed initially (Figure A.3). To model the complete 
train was too much work to do in the relatively short period. 

First the track was just modelled with design curve geometry, without rail geometry imperfections. In this 
situation no derailment conditions could be generated (Figure A.4). 

As no detailed information about the track geometry other than the traces on paper was available, and it was 
not known what kind of transfer functions for the Turkish recording car were applicable, it was decided to add 
short wave irregularities according to the Dutch standards from ProRail, the Dutch Infra Manager. The track 
irregularities are mainly in the wave band 0 – 25 m. In The Netherlands the following standards apply for this 
waveband:

 Alignment: 80 % of the tracks have a standard deviation less than 1 mm 

 Level: 80 % of the tracks have a standard deviation less than 1.5 mm 

The track recording car data were scaled in order to achieve the required level of the standard deviation and 
the following cases shown in Table 1 were analyzed. 
Table 1. Analyzed track cases 

Speed Track case 1 Track case 2 
(wave band 0-25 m) 

Track case 2 
with rail joint 

Track case 2 
with external forces 

 Just design 
geometry 

vert  = 1.5 mm 

lat   = 1.0 

vert  = 2.0 mm 

lat   = 1.5 mm 

vert  = 2.0 mm 

lat   = 1.5 mm 

vert  = 2.0 mm 

lat   = 1.5 mm 

22 m/s o o o - o 

28 m/s o o o - o 

36 m/s o o o o o 

42 m/s o - - - - 

Track case 1 is modelled with design geometry only, i.e. without rail geometry imperfections. Track case 2 is 
the curved track from track case 1 supplemented with measured track irregularities within the wave band 0-
25 m. The analyses were carried out for speeds of 22, 28, 36 and 42 m/s (80, 100, 130 and 150 km/h re-
spectively). The examples containing short wave irregularities in the waveband 0-25 m are presented in the 
Figure A.5 - A.9. In addition track case 2 was extended with a geometrically poor rail joint in the right hand 
rail (Figure 3 and 4) and finally track case 2 was combined with an external lateral force and an external ver-
tical uplifting force, both of 20 kN, to simulate buffering and mechanical imperfections in the system. 
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5.1 Model description 

ADAMS/Rail 2003 computational package has been used to perform derailment simulation tests. 
ADAMS/Rail is the part of the ADAMS computational package for analyses of the multi–body systems spe-
cially designed for the simulation of the railway vehicles. 

To build a rail vehicle, it is necessary simply to supply the required assembly data into forms that use familiar 
rail engineering naming conventions. This allows to quickly define front and rear bogies (including wheel 
sets, bogie frames, primary and secondary suspensions, dampers, and anti-roll bars) and bodies. 
ADAMS/Rail will then automatically construct the subsystem models and full-system assemblies building a 
complete, parameterized model of a new railway vehicle.  

To model tracks, one can define the track centerline by specifying the analytic layout parameters: curvature, 
cant, and gauge. Track measured data are specified as irregularity parameters: alignment, cross level, and 
gauge variation. Rail profiles and inclination can progressively be evolved along the track to carefully model 
switch layouts 

Now one can run the virtual prototype through a battery of kinematic, static, and dynamic tests to determine 
the vehicle's stability, derailment safety, clearance, track load, passenger comfort, and more.  

ADAMS/Rail has been benchmarked with other main multi-body dynamic packages. Results of ADAMS/Rail 
benchmarking have been presented in Vehicle System Dynamics Supplement [1] and greatly correspond 
with the results from other programs.  

The passenger wagon was modelled in the ADAMS/Rail computational package. A standard ERRI passen-
ger vehicle model has been described using standard subsystems available in ADAMS/Rail [2], see Figure 
23. For our simulations a rail profile S49 with inclination 1:40 and a wheel profile S1002 have been used. 
The track has normal 1435 mm wide gauge. Vehicle parameters are presented in the Table A.1.  

Figure 23. Schematic presentation of the ADAMS/Rail vehicle model 

In all presented cases the vehicle simulations have been performed on the track consisting of a 144 m 
straight track continuing into 90 m transition curve, then switching into the 64 m right turn curve with R=345m 
and 90m transition curve and ending with 112 m straight track. Cant is 130 mm. The vehicle travels with a 
speed of 22 m/s, 28 m/s and 36 m/s (exactly 79.2 km/h, 100.8 km/h and 129.6 km/h respectively).

Measured track irregularities have been used in the dynamic simulations. These irregularities do not exceed 
any allowable limits. Vertical and lateral irregularities for left and right rail are shown in Figures A.5 - A.9. The 
first 100 m of the track has zero irregularities to provide stable starting conditions for the passenger vehicle. 
Irregularities for the right side are shifted forward over 1m. Lateral irregularities are shown as mirror image 
because of the coordinate systems in ADAMS/Rail.  

5.2 Derailment coefficient  

To estimate vehicle safety one can analyze the possibility of derailment. Various formulae exist as a guide for 
the derailment process, which gives the ratio between lateral and vertical forces for a particular wheel/rail 
combination. This ratio usually called the ”derailment ratio” is denoted as Y/Q, where Y and Q are respec-
tively the lateral and vertical forces at the flange contact. The derailment ratio Y/Q is used as a measure of 
the running safety of railway vehicle. Several theories have been developed to establish the Y/Q ratio. One 
of the most widely used is Nadal’s theory [3]. His formula takes into account the influence of the wheel flange 
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angle, the wheel/rail friction coefficient and the wheel/rail forces on the possibility of wheel climb derailment. 
This principle is expressed in the Nadal formula: 

tan1

tan

Q

Y
,         (1) 

where  is the angle between wheel flange and the horizontal line;  is the friction coefficient. 

The limiting Y/Q ratios for various combinations of friction coefficient and contact angles are shown in Figure 
24. For particular combinations of the friction coefficient and the contact angle the Y/Q ratio exceeds the cor-
responding limiting value and derailment can occur. The theory of Nadal is used to establish the limit for the 
Y/Q derailment ratio. Normally, the derailment conditions are formulated as:

2.1
Q

Y
over a distance of 2m; in ADAMS/Rail this is a so-called derailment alarm;

 at the same time wheel climbing should occur over a sufficient height so that the flange can step 
over the rail. 

According to UIC leaflet 518 a safe maximum value of 8.0
Q

Y
 over 2 m is recommended. 
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Figure 24. Nadal’s derailment criteria 
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5.3 Results of the dynamic simulations 

In the present report only a limited number of the most important cases is described. A complete set of all 
simulations made will be published in a separate TU Delft report [4]. The results of the dynamic simulations 
in ADAMS/Rail for speeds of 22 and 36 m/s, using the measured rail irregularities (see Figures A.5 – A.9), 
are presented in the Appendix B. At speeds of 22 and 36 m/s also simulations were carried out with external 
forces. This was to investigate how sensitive the system is for small disturbances due to buffering and small 
mechanical imperfections. In all presented simulations measured irregularities from the Dutch Infra Manager 

ProRail have been used and these were scaled such that vert  = 2.0 mm, lat  = 1.5 mm and 

cant  = 1.2 mm.

The case with the measured irregularities and a dipped rail joint imperfection on the right hand rail have 
been studied, but the graphical results were not included in this report. The main conclusions from that case 
were that the rail joint had just influence on the right wheel contact forces, but had little influence on the left 
wheel forces and could not be the source of the derailment.

The results of dynamic simulations are presented in Figures B.1 to B.16 of the Appendix B. In each Figure 
the derailment coefficient, the lateral contact force, the vertical contact force and the vertical wheel dis-
placement for just one wheel are shown. Since the results for the 2nd and 3rd wheelsets were omitted each 
set of four Figures corresponds to one simulation. The wheelsets are numbered from the beginning to end of 
the vehicle from 1 to 4 and left and right wheels are marked. Left wheels correspond to the outer side of the 
curved track.  

First the case with measured irregularities but without any external forces will be considered. The derailment 
coefficients are shown in Figures B.1 (a) - B.8 (a). The highest derailment coefficient can be observed at the 
1st left wheel. For 22 m/s the derailment coefficient is high but below the critical value of 1.2. With the in-
crease of the speed the derailment coefficient rises as well for all wheels. For 28 m/s the derailment coeffi-
cient reaches the limiting value (not shown) and for 36 m/s exceeds the limiting value. Also at a speed of 
36 m/s the vertical displacements of the wheels are high (see Figures B.1 (a-d) - B.8 (a-d)) and there are 
more situations of loss of the contact between wheel and rail. The high derailment coefficient, vertical wheel 
displacement and loss of contact result in a high risk of vehicle derailment at this speed of 130 km/h.

In order to simulate the effect of adjacent cars in a moving train, additional vertical and lateral forces have 
been applied to the rear end of the car body. Both forces have a magnitude of 20 kN. The vertical force is 
pointed upwards and creates unloading of the rear bogie. The lateral force is pointed to the outside of the 
curve. For the speed of 22 m/s the forces were applied from 13 till 18 seconds and for the speed of 36 m/s 
the forces were applied from 8 till 11 seconds. Due to this choice the forces are acting in the same part of the 
track in both speed cases. The results of the dynamic simulations for the case of measured irregularities with 
additional external forces have been presented in the Figures B.9 - B.16. 

One of features of the ADAMS/Rail program is that when the wheel has no contact with the rail, i.e. the verti-
cal and lateral forces in the contact patch become zero, the derailment coefficient becomes equal to the last 
known value. This means that even if the wheel is lifted over the rail and there is a risk of derailment, the de-
railment coefficient can be within the limits. This can be clearly seen in Figure B.16 at time from 8 till 9 sec-
onds when the wheel is lifted over the rail and initiates a derailment. It can be observed that the wheel is 
lifted over 10 mm (Figure B.16 (d)) and the contact forces became equal to zero (Figure B.16 (b, c)). But dur-
ing the wheel lift, at the time of 8-9 seconds, the derailment coefficient is still equal to 0.4-0.2 (Figure B.16 
(a)). This means that not only the derailment coefficient should be checked, but also the vertical wheel dis-
placement to recognize the risk of a derailment.

Comparing the set of Figures B.1 - B.8 with the set of Figures B.9 - B.16 reveals that external forces have 
very little influence on the 1st wheelset and do have a high influence on 4th wheelset. Application of a verti-
cal unloading force and a lateral force to the rear side of the car body increases the derailment coefficient of 
the 4th wheelset, produces higher vertical and lateral forces in the contact patch and also results in high ver-
tical displacements of the 4th wheelset. Moreover, the influence of external forces is much higher at the 
speed of 36 m/s than it is at the speed of 22 m/s. Application of the external force at the speed of 22 m/s 
does not lead to the creation of a derailment situation. But at the speed of 36 m/s the derailment coefficient 
for the left wheel of the 4th wheelset is obviously exceeding the limit (see Figure B.15 (a)). Also the right 
wheel of the 4th wheelset is loosing contact with the rail (see Figure B.16 (d)). This situation is extremely 
critical and in fact constitutes a derailment.
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6. ADDITIONAL REMARKS 
In my international consulting career, I have made many investigations of the quality of railway tracks. On the 
29

th
 of April 2004, during the inspection of the site where the accident took place, I could establish that there 

were no abnormalities in the infrastructure, (including rails, sleepers, ballast, fastenings etc.), from the be-
ginning of the curve (183+227) to the point where the bogie derailed (183+387) and about 20 m onwards to 
the point where the wagons were dispersed (183+407). All the infrastructure I have inspected at the site 
seemed to be of good quality in line with the UIC standards. 

7. CONCLUSIONS 

The additional investigations carried out after the inspection in Turkey on 29 and 30 July confirm the earlier 
conclusions issued in the preliminary report: 

1. No abnormalities in the track could be observed during the inspection on 29 July 2004; 
a. No geometrical imperfections which could have been responsible for the initiation of a de-

railment could be found; 
b. No lateral track shifts were observed which means that the track had sufficient lateral resis-

tance to withstand lateral train forces and forces due to continuous welded rail (CWR); 
2.  As regarding rolling stock no significant wheel profile deviations could be observed.
3. The excess of the speed limit should be considered as one of the main causes of the derailment ini-

tiation.

The additional investigations showed that it is hardly possible to explain a derailment without advanced cal-
culations such as made by TU Delft with the ADAMS/Rail package. These analyses revealed that: 

4. No derailment would occur at 80 km/h; 
5. At 100 km/h no derailment would occur, but the situation is then already rather critical; 
6. At 130 km/h severe wheel climbing could be observed and small disturbances in the system could 

then easily lead to a derailment 

Overall conclusion:  
The exceedence of the speed limit should be considered as the main cause of the derailment. No significant 
influences of any track component on the derailment could be established. 

Zaltbommel, 3 September 2004. 

Coenraad Esveld

Director of Esveld Consulting Services BV, 
Professor of Railway Engineering, 
Delft University of Technology (TU Delft), 
The Netherlands 

Post Scriptum 
In APPENDIX D the findings of some other experts are discussed 
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APPENDIX A.

Table A.1. Parameters of the vehicle for the dynamic analysis 

Model parameter Metro Measurements 

Car body   

Mass m 32000.0 kg 

Inertia moment Ixx 56800.0 kgm
2

Inertia moment Iyy 1970000.0 kgm
2

Inertia moment Izz 1970000.0 kgm
2

Body length 24.0 m 

Body height 3.0 m 

Body width 2.2 m 

Bogie   

Mass m 2615 kg 

Inertia moment Ixx 1722 kgm
2

Inertia moment Iyy 1476 kgm
2

Inertia moment Izz 3067 kgm
2

Center mass relative to part 0.0, 0.0, -0.14 m 

Lateral width 2.0 m 

Sideframe height 0.2 m 

Sideframe width 0.15 m 

Sideframe vertical location 0.15 m 

Bolster width 0.2 m 

Bolster z offset 0.5 m 

Wheelset   

Mass m 1503.0 kg 

Inertia moment Ixx 810.0 kgm
2

Inertia moment Iyy 810.0 kgm
2

Inertia moment Izz 112.0 kgm
2

Wheelbase 2.56 m 

Tape Circle Distance  1.5 m 

Radius 0.46 m 

Axle length 2.0 m 

Axle box   

Mass m 155.0 kg 

Inertia moment Ixx 2.1 kgm
2

Inertia moment Iyy 5.6 kgm
2

Inertia moment Izz 5.6 kgm
2

Stiffness and damping properties are not included in the table as they are mostly non linear and cannot be 
presented in simple table. 
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Rail section Weight 
G
[kg/m]

Height  
H
[mm]

Base 
B
[mm]

Head
K
[mm]

Web 
W
[mm]

Cross
section 
[cm²]

Moment 
of
inertia 
[cm4]

Section 
modulus 
[cm3]

Neutral 
axis 
e[mm]

S7
S10
S14
S18
S20
S24

6,75
10,00
14,00
18,30
19,80
24,43

65,00
70,00
80,00
93,00
100,00
115,00

50,00
58,00
70,00
82,00
82,00
90,00

25,00
32,00
38,00
43,00
44,00
53,00

5,00
6,00
9,00
10,00
10,00
10,00

8,60
12,74
17,83
23,31
25,22
31,12

51,60
85,70
154,00
278,00
346,00
569,00

15,20
24,40
36,84
58,04
66,80
97,30

33,95
35,12
41,80
47,90
51,80
58,52

S30
S33
S41_r=10mm 
S41_r=14mm 
S49
S54

30,03
33,47
41,38
40,95
49,43
54,54

108,00
134,00
138,00
138,00
149,00
154,00

108,00
105,00
125,00
125,00
125,00
125,00

60,00
58,00
67,00
67,00
67,00
67,00

12,30
11,00
12,00
12,00
14,00
16,00

38,25
42,64
52,71
52,17
62,97
69,48

606,00
1040,00
1384,00
1368,00
1819,00
2073,00

108,41
155,00
196,00
191,55
240,00
262,00

55,88
66,33
69,34
69,80
75,77
79,12

NP46 
EB 50T 
EB 63

46,55
50,10
62,95

142,00
151,00
151,00

120,00
140,00
140,00

72,00
72,00
73,70

14,00
15,00
30,00

59,30
63,82
80,19

1605,00
1988,00
2171,00

223,85
247,88
263,00

71,70
80,20
82,55

UIC54 
UIC60 
UIC54A 
UIC60A

54,43
60,34
65,39
61,11

159,00
172,00
159,00
142,00

140,00
150,00
140,00
150,00

70,00
72,00
70,00
72,00

16,00
16,50
28,00
28,00

69,34
76,87
83,22
77,85

2346,00
3055,00
2512,00
1866,00

279,00
335,35
291,00
244,00

84,03
91,10
86,33
76,57

Figure A.1.a. Applied rail profile S49. 
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Figure A.1.b. The Turkish S49 rail profile. 
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Figure A.2.a. Wheel profile S1002 applied in the ADAMS simulations. 



ECS

 - 23 - 

Figure A.2.b. Turkish wheel profile. 
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Figure A.3. Turkish Coach with Y32 bogies. 
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Simulation results. Railway track without irregularities 

a) 1st left wheel 

b) 1st right wheel 

c) 4th left wheel 

d) 4th right wheel 

Figure A.4. Derailment coefficients for speed V=22m/s and 36m/s (80km/h and 130 km/h). Railway track is 
without irregularities. 
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Track irregularities

Figure A.5. Left rail vertical track irregularities. vert  = 2.0 

Figure A.6. Right rail vertical track irregularities. vert  = 2.0 

Figure A.7. Left rail lateral track irregularities. lat   = 1.5 

Figure A.8. Right rail lateral track irregularities. lat   = 1.5 
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Figure A.9. Cant track irregularities. cant   = 1.2 
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APPENDIX B.

In this appendix results of dynamic simulations are presented. On the horizontal axis the simulation time is 
presented. For speed of 22 m/s the scale is 7.5 seconds and for speed of 36 m/s the scale is 5 seconds. For 
plots of the derailment coefficient (figure (a)) the vertical scale is 1 and dimensionless. The lateral contact 
force (figure (b)) is measured in Newton (N) and the scale is 100kN. The vertical contact force (figure (c)) is 
measured in Newton (N) and the scale is 250kN. The vertical wheel displacement (figure (d)) is measured in 
meters (m) and the scale is 0.003m (3 mm). The origin of the wheel coordinate system is placed in the cen-
tre of the wheelset axle and that is why wheel the displacement starts from 0.46m.  
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Simulation results. Railway track with irregularities 

a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.1.Results for speed V=22m/s (80km/h). 1st wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.2. Results for speed V=22m/s (80km/h). 1st wheelset, right wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.3. Results for speed V=22m/s (80km/h). 4th wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.4. Results for speed V=22m/s (80km/h). 4th wheelset, right wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.5. Results for speed V=36m/s (130km/h). 1st wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.6. Results for speed V=36m/s (130km/h). 1st wheelset, right wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.7. Results for speed V=36m/s (130km/h). 4th wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.8. Results for speed V=36m/s (130km/h). 4th wheelset, right wheel 
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Simulation results. Railway track with irregularities. External forces 

a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.9. Results for speed V=22m/s (80km/h). 1st wheelset, left wheel 

1

3 mm 

100 kN 

250 kN 



ECS

 - 38 - 

a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.10. Results for speed V=22m/s (80km/h). 1st wheelset, right wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.11. Results for speed V=22m/s (80km/h). 4th wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.12. Results for speed V=22m/s (80km/h). 4th wheelset, right wheel 

1

3 mm 

100 kN 

250 kN 



ECS

 - 41 - 

a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.13. Results for speed V=36m/s (130km/h). 1st wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.14. Results for speed V=36m/s (130km/h). 1st wheelset, right wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.15. Results for speed V=36m/s (130km/h). 4th wheelset, left wheel 
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a) Derailment coefficient 

b) Lateral contact force 

c) Vertical contact force 

d) Vertical wheel displacement 

Figure B.16. Results for speed V=36m/s (130km/h). 4th wheelset, right wheel 
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APPENDIX C. 

Figure C.1 Route information near the accident 
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Figure C.2 Curve information 
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Figure C.3 Ballast information 
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Figure C.4 Sleeper information 
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Figure C.5 Rail calculations 
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Figure C.6 Invitation to investigate the railway accident 
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Figure C.7 Additional questions and answers 
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Figure C.8 Additional information about speed 
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Figure C.9 Additional questions 
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Figure C. 10 Information about the wheels 
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APPENDIX D 

DISCUSSION OF SOME FINDINGS FROM OTHER EXPERTS 

1. Wheel climb and turn over 

If a simple calculation is made based on the quasi-static forces it can be shown that vehicle turn over will 

not occur at 130 km/h, but at a much higher speed. Also When Nadal’s derailment ratio Y/Q < 1.2 is ap-

plied with just the quasi-static loads the value of 1.2 will not be exceeded. However the physics of a de-

railment is much more complicated and simple hand calculations are absolutely insufficient. Also track ir-

regularities should be considered. For such analyses advanced vehicle dynamics packages like 

ADAMS/Rail, as we used, VAMPIRE and NUCARS are inevitable. In my analysis I have shown that at 

130 km/h wheel unloading and exceedence of the limit Y/Q indeed occurs. For a derailment the bottom 

line is whether a wheel is lifted over a sufficient height so that it can step over the rail. Our ADAMS/Rail 

analyses revealed that under certain conditions wheel lift of a sufficient magnitude could be observed at 

130 km/h and so the axle could derail. 

2. Safety under static and dynamic loads 

Under the static and dynamic loads our ADAMS/Rail analyses showed that a derailment could occur. 

However, under the actual loads at 130 km/h there was no risk for track shifts or damage to track com-

ponents. This was also confirmed during the inspection at the site of the accident, where no abnormali-

ties, track shifts, or damage to the track could be found. 

3. Braking 

In the analyses with ADAMS/Rail it was found that the system became more or less instable at a speed 

of 130 km/h. With a lateral force of 20 kN and a vertical lifting force of 20 kN applied to the buffers the 

rear axle of the coach derailed. This set of forces could very well represent the vertical and lateral com-

ponent of a braking force due to the angle between the coaches in the curve and other excentricities and 

imperfections in the system. It can be concluded that according to our analyses the braking forces could 

cause a derailment at 130 km/h, whereas it should be emphasized that at 80 km/h, under the same con-

ditions as mentioned before, no derailment would occur.  

.


