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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. Hilya 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
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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.
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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.

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 3 Curve seen from Ankara to Istanbul

Figure 4 Transition curve seen from Istanbul to Ankara
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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.

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.

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.

Here some of the replaced
damaged sleepers are stored.

i -

Figure 9 Concrete wall of culvert (Ist - Ank)

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 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
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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.

(132)2

2

vZ h 3.6 130 m
a. =——_Sg=232J 9¥ g9g8_305
=R 597 345 71500 s?

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:

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

e 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 Track case 2 Track case 2

(wave band 0-25 m) with rail joint with external forces
é:itmedtre;lgn Oy =15mm | O, =2.0mm O\ers =2.0mm O\ers =2.0mm

o, =10 Oy =1.5mm Oy =1.5mm Oy =1.5mm

22 m/s 0 o 0 - o)

28 m/s o) 0 -

36 m/s 0 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.

13-
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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

- 14 -
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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:

Y tana-u

Y _tana-u 1
Q 1+utana M

where « is the angle between wheel flange and the horizontal line; u 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:

. 5 > 1.2 over a distance of 2m; in ADAMS/Rail this is a so-called derailment alarm;

e 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 % = 0.8 over 2 m is recommended.

4 Frictioh
3.5 <01
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o 2.5 / A0
Vi
= 0.
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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 o 20 mm, o, =1.5mm and

=1.2 mm.

vert —

O cant

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.

- 16 -
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6. ADDITIONAL REMARKS

In my international consulting career, | have made many investigations of the quality of railway tracks. On the
29" of April 2004, during the inspection of the site where the accident took place, | 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 | 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.

W 37

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®
Inertia moment lyy | 1970000.0 kgm”
Inertia moment Izz | 1970000.0 kgm®
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®
Inertia moment lyy | 1476 kgm”
Inertia moment Izz | 3067 kgm®
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”
Inertia moment lyy | 810.0 kgm”
Inertia moment Izz | 112.0 kgm®
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”
Inertia moment lyy | 5.6 kgm”
Inertia moment Izz | 5.6 kgm®

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

S7

S10
S14
S18
S20
S24

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

NP46
EB 50T
EB 63

UIC54
UIC60
UIC54A
UIC60A

Figure A.1.a. Applied rail profile S49.

Weight
G
[kg/m]

6,75

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

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

46,55
50,10
62,95

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

Height
H
[mm]

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

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

142,00
151,00
151,00

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

Base

[mm]

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

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

120,00
140,00
140,00

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

Head

[mm]

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

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

72,00
72,00
73,70

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

Web

[mm]

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

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

14,00
15,00
30,00

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

Cross
section
[cm2]

8,60

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

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

59,30
63,82
80,19

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

Moment
of
inertia
[cm4]

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

606,00

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

1605,00
1988,00
2171,00

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

Section
modulus
[cm3]

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

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

223,85
247,88
263,00

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

Neutral
axis
e[mm]

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

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

71,70
80,20
82,55

84,03
91,10
86,33
76,57
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Figure A.1.b. The Turkish S49 rail profile.
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Fignre 1: Wheel Profile S1002

1 Description of the S1002 Wheel Profile

The wheel profile function rq(£) discussed here is based the standard profile
S1002, which is defined section wise by polynomials up to degree 7. The profile

and 162 sections are shown in Fig, 1.
The polynomials are defined by

Section A: F(s) = as —bas
Section B: F(s) = ap —bps+eps® —dgs® +egs! — fps® +gus® — hpgs™ 4 igs?
Section C: Fis) = ac —bos — cos® — das® — eps? S s” g.:-sr’ heos'
Section D F(s)] = ap v"b'zn (s +cp)”
Section E:  Fis) = i — b s
Section F: Fis) = ap++/b% — (s +cw)?
Section G F(s) = ag++/85 — (s +ea)?
Section H:  Fis) = ay ++/b3 — (s +cu)?
and
A B C D

@ | 1364323640 0.0 1320221063107 16.44R

b | 0.0666G6G666T 3.3585370581077  1.038384026 107° 13

¢ 1.565681624107%  1.06550187310"%  26.210665

d 2810427044 10°%  6.051367875 10"

e 5.84424086410°%  2.054332446 10"

f 1.56237002310~%  4.169730380 10~*

g 5.30921734910° 1%  4.68719582010°°

h 5.057830843 1012 2952755540107

i 2.B46RERETI 10~

Emin | 32.15706 26 a5 38.426660071
Emax | GO 3215796 26 35

Figure A.2.a. Wheel profile S1002 applied in the ADAMS simulations.
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Figure A.2.b. Turkish wheel profile.
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TVS 2000 SERISI VAGONLAR

o e e s e s e 1 e

BE00O00000008esd)

G

*rvs 2000 PULMAN VAGON
) sl

D TUVASAS tarafindan tasarianan TVS-2000 PULMAN VAGON; serisinin ilk dmegidir. Seyir emniyeti, yolcu konforu,ig
‘<orasyon ve renk segiminde estetifie onem veren 6zgln bir anlayigin drunddur,

. — Hafif yapida kaynakli gelik konstriksiyon olarak Uretilmistir. Etkin bir korozyon, isi ve ses izolasyonu yapilmigtir,
I dekorasyonda moduler tasanm anlays ile Gretilmis SMC kaplama panelleri kullamilmistir. Koltuklar uzun yolculuklarda
yolcu konforunu saglayacak gekilde ergonomik olarak tasarlanmsgtr,

Yolculuk sirasinda bilgi vermek ve miizik dinletmek amaciyla mizik yayin sistemi meveuttur. Maksimum yolcu
konforunu saglamak amaciyla, vagon tam otomatik iklimlendirme sistemi ile donatilmigtir,

160 kmvh hiza uygun imal edilmis gift kademeli disey siispansiyon sistemine sahip Y 32 bojileri kullanilrigtir.

® TVS-2000 Pullman Coach designed by TUVASAS is the first member of its series. It is produced with an original
approach at which running safety, passenger comfort, internal decoration and hormony in colouring among the
ohjects were the starting points, |
The car body is manufactured in a lightweight welded steel construction. Maximum insulation is made against
to corrosion, heat and noise, Hot pressed reinforced fibreglass paneliing is used for internal decoration in a modular
design. in order to provide maximum passenger comfort even on long lrips, seats ergonomically designed.
Loudspeaker system informs the passengers during journey and makes possible to listen music. In order to
ensure maximum passenger comfort, the coach is equipped with full-automatic air conditioning system.
¥-32 bogies designed for 160 kmph speed with double stage vertical suspension system are used.

TEKNIK KAHAKTEBidgﬂrngB

TECHMNIGAL 5 0

)
-

Track gauge 1435 mm
Total lenght: over buffers 26 400 mm

e Certter pin dst@nce 18 D00 mm
Carbody width 2 825 mm
Body height: from top of rail 4080 mm
Foor heigth fram top of rail 1 250 mm
Folding step height 565 mm
Wahicle weight [ermpty ful) 42/ 47 wns
Side entrance doors Swing shding pneunatic doors
End doors Slidng pneumnatic doors
Bogie ¥-32
Whesl dameter [new, warm)| 920 / B70 mm
Minirmum curve radius 150 m
Service Brake Prieumatic disc brake
Mepimum speed 160 knph
Kinematic gauge UIC 5021
Sesting arangermert 2+
Sesting capaciy EO
fkrnunation system FAuorescant [indirect]
Air condtinning systam Heating : 40 KWV, Cooling - 35 kW, Fresh air: 1200 m@/h

Figure A.3. Turkish Coach with Y32 bogies.
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Simulation results. Railway track without irregularities
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Figure A.4. Derailment coefficients for speed V=22m/s and 36m/s (80km/h and 130 km/h)

without irregularities.

. Railway track is
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Track irregularities
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Figure A.8. Right rail lateral track irregularities. o; =1.5
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Figure A.9. Cant track irregularities. o, =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

20
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b) Lateral contact force
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7 5E+005
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Figure B.1.Results for speed V=22m/s (80km/h). 1st wheelset, left wheel
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Figure B.2. Results for speed V=22m/s (80km/h). 1st wheelset, right wheel

-30 -



ECS FuDelft

20

e _erri_wal_1_w2|_add_parameters_1 deraiment_cuotient_rear

-20
0o 75 15.0 25
Time (sec)

a) Derailment coefficient

1.0E+005
—ues_erri_wst_1_w2l|_cortact_force lsteral_force_rear
00
E N
H
£ -1.0E+005
»
2
2
-2.0E+005
-3.0E+005
oo 75 150 25
Time (sec)
b) Lateral contact force
1 DE+006
——ues_erri_wst_1_w?2|_contact_force vertical_force_rear
7 .SE+005
g
H
2.5 0E+005
8
il
2 5E+005 - 250 kN
oo
0o 75 150 25
Time: (s
c) Vertical contact force
047
—ues_erri_wst_1_w2|_displacement vertical_disp_rear
D467 7
T
E
=0.454 o
B
c
3
T 3mm
0.481 7
0.458
oo 75 150 25
Time (sec)

d) Vertical wheel displacement

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

-32-



ECS FuDelft

20
ues_erri_west 1wl |_adc_parameters_1 cerailment_guotient_front

I Lhits

B A

-1.07 |

-20
0o 50 10.0 150

Time (sec)

a) Derailment coefficient

1.0E+005 ‘
——es_erri_wst_1_wil_cortact_force Jatersl_force_front
00+ SR e e T
- ‘ R A

o | ‘ ‘ ;
=
g=!
H |
£ -10E+005
=
=
LE 4

-2.0E+005

-30E+005

00 a0 100 150

Time (s8c)

b) Lateral contact force

1 .0E+006 T T
ves_erri_wst_1_wll_cortact_force vertical_force,_frart
7 5E+005 1
=
e
z
E.50E+005
3
B
25E+005 1
i !
ik - A0
e itk b i, Iimlln.\m“ ]ul I.J“u].\ Lkt s s g
0o 50 100 150
Time (sec)
c) Vertical contact force
047
ues_erri_wst_1_w|_displacement vertical_disp_front
0467 1
T
E
Z0.454 4
§=
3
1+ 3 mm
0.461 ‘
|
0.458
00 50 100 150
Time (gec)

d) Vertical wheel displacement

Figure B.5. Results for speed V=36m/s (130km/h). 1st wheelset, left wheel
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Figure B.6. Results for speed V=36m/s (130km/h). 1st wheelset, right wheel
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Figure B.7. Results for speed V=36m/s (130km/h). 4th wheelset, left wheel
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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
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Figure B.9. Results for speed V=22m/s (80km/h). 1st wheelset, left wheel
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Figure B.10. Results for speed V=22m/s (80km/h). 1st wheelset, right wheel
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Figure B.11. Results for speed V=22m/s (80km/h). 4th wheelset, left wheel
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Figure B.12. Results for speed V=22m/s (80km/h). 4th wheelset, right wheel
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Figure B.13. Results for speed V=36m/s (130km/h). 1st wheelset, left wheel
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Figure B.14. Results for speed V=36m/s (130km/h). 1st wheelset, right wheel
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Figure B.15. Results for speed V=36m/s (130km/h). 4th wheelset, left wheel
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Figure B.16. Results for speed V=36m/s (130km/h). 4th wheelset, right wheel
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APPENDIX C.
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Figure C.2 Curve information
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Bereeluy Sl
BALAST YUKSEKLIGI HESABI
Dingil Basmc : 20 ton
Mintika Hizt ' : 80 km/saat
Dinamik Katsayt 11211

Traverse intikal Eden Yik (S) = 1.211 X 0.42 X 10.000 = 5086.2 kg
| = Travers Uzunlugu i
e= Ray Eksenleri Arasl Mesafe

S
h=
- 218X (e) X Tge X9
5086.2 5086.2
he N — = 26,2 cm
2.18 X (240-150) X 0.727X1.36 193.936864
b 30 . 30
h> - - =20.632 cm.
2Xtwgo 2X0.727 1.454

26.2 cm > 20.63 cm. oldugundan {iniform oldugu kabul edilen q gerilmeleri, b=2 htgep -b
genisligindeki bir alanda tesir eder. Bundan sonra gerilmeler, travers kenarmndan disa dogru ¢
ags! ile gizilen doZrunun altyapiyt kestigi d noktasma kadar azalarak gider ve bu noktada

degeri sufir ofur.
b s s
:l N s N . : o) . ;
. D\&:/ O~ =0, =t =

“oiliat LEMTRTAS
o) DaAresi Paghen Vo

KAYNAK : Ustyap: Ve Demiryolu Mekanigi  (Yilksek Mihendis Feridun KUMBASAR)

— =
-
-

Figure C.3 Ballast information
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Figure C.4 Sleeper information
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| RAY PROFILININ SECILMEST

Simdiye kadar edinilen tecriibelere gore P dingil agirhgindaki arabalarin isletmeciligi
mutat yollarda kullamlacak rayin minimum m. tul agirhg : G=2 P ile belirtilir.

Bu formtilde G Kg. P ise ton cinsindendir. Bu sckilde yapilan ilk tahminden sonra
K=0.29 alinarak, M= 0,29 X G X L Xaile moment bulunarak;

M=0,29 X G XLXa

M= 0,29X10.000X62X1.470
M= 268569

W=239cm’ 49.050

M 268569
G = = weme = 1119 kg/em®
w 240

|. sinif yollarda emniyet gerilmesi 1500 em? olup
111951500 kg/em?® 2. simf yollarda 1400 kg/em? dir.

2- RAY PROFILI HESABI
P=20ton
V = 140 km/saat
L =63 cm.
b= 1200 kg/em® 0.20 asinrms ray igin

0,29 X 10.000 X 63 X 1.470

W =—een =22320 em’
1200
W= 52H-533
W
= cememee- + 102,5 = 145.53 mm.
5,2
16000
6=156 = ==e--——=46 kg./m m—ﬂ-—q—.——-—z')
145,53 Teshas DEMIETAR
i - - %ol Bafesel Bagkap Vo

Figure C.5 Rail calculations
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TURKISH STATE RAILWAYS
Foreign Relations Department

No: B.11.2.DDY.0.67.00.06/65/ 1)+ G
Subject: Train Accident in Turkey

Dear Sir,

As you know a tragic train accident occurred on 22™
: of July 20 ,
taking so many lives of passengers. ¥ 2004 in Turkey

In orde:r to overcome the consequences of this sad event, we would be very glad
to receive experts frlom your Company(ECS) for helping us to investigate the
actual causes of this severe accident. All the costs of experts will be borne by
our Railway Administration,

We would appreciate your confirmation as soon as possible.

Thank you in advance for your Kind assistance,

Ali Kemal ERGULEC
Acting Director General of
Turkish State Railways

Adress: TCDD Genel Mildirliigii 06330 GAR/ANKARA
Tel: 90 312 3098257 Fax: 90312 312 50 42

e e T ,
h IPEGZTE-ZTE-BE BT PEBZ/LO/EZ

ET]'IIbSI'II SI1a

8 3owd

Figure C.6 Invitation to investigate the railway accident
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11-AUG-2884 16:86 FROM: TCDD OZEL KALEM B3123183727 TO: 8831152783443 P:1-1

TURKISH STATE RATLWAYS GENERAL DIRECTORATE (TCDD)
PERMANENT WAY DEPARTMENT

No: B.11.2.DDY.0.10.00.09/410-1%
Subject: The train Accident in Pamukova

Dear Mr. Esveld,

memwhﬁxmwﬁlmdmimmwﬂdmﬂﬁs train accident.
Themnﬂmsymhavemkedmmﬂemdufollows:

1- The locomotives speed recording device measurcs with respect to max. 180 km/h and
mhmmmdingtom.wﬂhnm_ﬂemﬁm.thmgmphvﬂmﬂmld

bemu!&pliedby(lﬂWlSﬁFI.2.Hum.ﬂmmﬂ=pecdisl.2xllﬂ#132km{hmd
this value is the definite.

2- Mhm[tisMhhnhismtapplieiHam.inthZmW
brake, in Coach 5 two cmergency brakes are drawn. .

3- Deviation value secn in right hand side rail for 80140 knv/h (in joint) is 16.5 am. This
value is within limit our maintenance tolcrances. The graph’s scale is 1/1.

Yours Sincerely,

TURKISH STTATE RAILWAYS
Ferhat DEMIRTAS Erol INAL
Acting Hoad of Pormancnt Deputy Director General
Way Department

Figure C.7 Additional questions and answers
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Deruy
Km 153-+3E
Tren Hiz Cizgisi 132 Km/h
100 l.

L =)

wmare s B I T 0 0

N 400 m

ANDIN TETKIKINDE ; . L o
g 1) Deray Baglangig noktasima kadar &enyap:ldlgmndprhuhangl bir lnzduahﬂnm
ir, Ancak yaklastk 160-200 mt.lik bir mesafede %07 lik efimin
baglamas: ve R-= 345 mt ik kurba girmesi nedeniyle yaklagik 1-3 km/h hiz azalmast
Idugu, _
2) oDem?Baslunglc noktasindaki ani hiz doglimiinidn ise ;
a- Makinist tarafindan ami fren yaplllrnfas1, .
b- Yolcu Vagonlarmdaki imdat freninin ¢ekilmesi,
Sonucunun meydana geldii,
Kanaatine vanlmgtir.

Ancak, Livrelerde izin vesilen hizin iistiinde agiri bir h:zla_huba girilmesi halin
fren veya imdat fren gekilmesi derayin meydana gelmesine art bir etken olabilir.

Figure C.8 Additional information about speed
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Coonras Esveld 0030812 310332 3

From: Coenraad Esveld [coenraad@esveld com]
Sent:  woensdag 4 augustus 2004 17:10

To: Eral Inal (erolinal@tcdd.gov.tr)

Cc: Hulya Cilgi (hulyacilgi@hotmail.com}
Subject: Some questions

Dear Mr. Inal,

| am still busy with my investigations for which | would like to receive the following information:

1. What was the precise train speed at the moment the axle of the second coach derailed. According to
the graph it was 110 km/h, whereas the information given orally in Turkey said it was 130 km/h.

2. During my visit to Turkey several suggestions were made that just before the derailment of the axle of
the second coach the train was braked. Is this information correct and if so was the braking light,
medium, or heavy.,

3. Just before the point of derailment a geometrical defect in the right hand rail is visible on the recording
car trace for the level of the right hand rail. What is the maximum deviation in terms of zero to
maximum. Please also see the file attached with the defect circled in blue,

We intend to make an analysis of the train dynamics with the ADAMS/Rail package and see whether an
explanation can be given for the conditions under which the axle derailed. Our ADAMS specialist will return
from holidays on Monday.

| am looking forward to receiving your answer.

Kind regards,

Coenraad Esveld

Prof.dr.ir. C. Esveld

TU Delft, P.O. Box 5048, NL-2600 GA Deift, The Netherlands
Tel: +31 15 278 7122, Fax: +31 15 278 3443, Mobile: +31 654368360,

ECS, P.0O. Box 331, NL-5300 AH Zaltbormmel, The Netherlands
Tel: +31 418 516369, Fax: +371 418 516372, Mobile: +31 654368360,
Internet: httpwww.esveld com, Email: coenraad@esveld.com

Figure C.9 Additional questions
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90re cizilerek  BcGlendic gl

2-Profilde misazde edilen jekil dedrsimi sapmasi
max, 0.5 mm dir:

12-AUG-2884 16:37 FROM:TCOD OZEL KALEM @3123183727

TEKERLEK YUVARLANMA PROFILI iLE ILGiLI NOT:

11.08.2004 tarihinde tarafinizca fakslanan “Tekerlek Yuvarlanma Profili”
resmi, 1960'h yillarda yazmlmig olan “TCDD Teknik, Umumi Emirler-5”
Yonergesinin ckinden alinmig bir resimdir. S6z konusu “Tekerlek
Yuvarlanma Profili”, vagonlar icin 1984 yilindan itibaren degtistirilmig olup,
ekte gonderilen 02.029 nolu resimde belirtilen profil kullanilmaktadr.
Lokomotifler igin ise, ckte gonderilen 01.034 nolu resimde belirtilen profil
1988 yilindan beri kullanilmaktadir,

Bilgilerinize saygilarimla arz edetim.

EK:
1- 02.029 nolu resim
2- 01.034 nolu resim

NOTE RELATED TO ROLLING WHEEL PROFILE

The drawing about “Rolling Wheel Profile” that you faxed on 11" August
2004 was taken from annex of “TCDD General Technical Regulations-5™
Directives which was written in 1960s. The mentiched “Rolling Wheel
Profile” has been changed since 1984 and the profile given in enclosed 02.029
drawing is used for wagons. And for locomotives, the profile given in enclosed
01.034 drawing has been used since 1988.

Best Regards,

ENC:
1~ 02.029 no. drawing
2- 01.034 no. drawing

Ahmet SEVIM
Cer Dairesi Bagkan Yrd,

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 | 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.

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.

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.
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