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Throughout its history the Russian Railways
(RZD) made a good progress in coping with
traffic safety problems. As a result in 2003 the
number of train breakdowns was 7 times as less
(6 against 42), the number of train accidents 15
times as less (2 against 30) and the number of
penalty cases 3.4 times as less (5,600 against
19,086) asin 1992 (Figure 1 and Figure 2). The
number of special penalty cases reduced by
more then 3 times (from 2,284 to 726) as com-
pared to 1994 (the first year of their registra
tion).
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Figure 1: Number of train breakdownsand ac-
cidents on the Russian Railwaysin the period of
1992 —2003

The total train turnover (in all types of traffic)
declined from 1,424 million train-km in 2003
to 1,831 million in 1992 (22 percent of reduc-
tion). That is why considerable reduction of
safety indices is seen if relative ratio is used.
For instance, total number of penalty cases as
related to 1 million train-km amounted to 10.42
in 1992 and only to 3.93 in 2003 (Figure 2).

It's not only that the total number of violations
of safety rules and conditions was drastically
reduced in the indicated period, but individual
types of violations, including as grave as:
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Figure 2: Number of penalty casesin

mainline and shunting oper ations of the Rus-
sian Railwaysin the period of 1992 —2003

e derailment of rolling stock in freight
trains (Fig. 3) - from 366 to 72 (more
than fivefold reduction)

e passing of prohibitive signas - from
43t0 4 (tenfold reduction)

e breakage of automatic coupling or
center beam - from 67 to 12 (5.5
times reduction)

e rail breakage under train - from 692 to
81 (8.5 times reduction)

e derailment of rolling stock under
shunting operations - from 522 to 151
(3.5 times reduction)

e collisions of rolling stock in shunting
operations - 1,122 to 58 (near 19 fold
reduction).

In 2003 the number of derailments in pas-
senger rolling stock was 3.6 times as less (7
against 25) as in 1994 (the first year of their
registration as specia cases).
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Figure 3: Number of derailments of rolling stock
in freight trainsin the period of 1992 — 2003

Such results were achieved due to everyday
laborious work of the managerial staff of the
former MPS-Russia, individual railways, rail-
way divisions and local enterprises contributing
to exactness and higher personal responsibility
of railway employees, better labor and techno-
logical discipline, higher level of professional
skills. These efforts were supported by intro-
duction of engineering means of safety in line
with the traffic safety improvement strategy of
the government.

However the share of empty wagonsin the total
number of derailed increased by 2.5 times dur-
ing the reported period, reaching 70 per cent in
2003. The distribution of empty wagon derail-
ments by wagon types for the period 1999-2003
is shown in Figure 4. Most of derailment are on
tank- and hopper-wagons (37 per cent and 35
per cent respectively).

30

25

20

15 +—

10 +—

5

0

Tanks Hoppers Box-wagons Gondolas

Figure4: Distribution of derailed empty wagons
by their typein the period of 1992-2003

The reason is that hopper-wagons have

smaller truck center spacing, higher center
of gravity and much higher torsiona stiff-
ness of the body. All these factors contribute
a great deal to empty hopper-wagons
susceptibility to derailling while passing
aong transition curves and track-twist
sections and being under action of in-train
longitudinal compressive forces arising in
unsteady train operation regimes. De
railment stability of empty tank-wagons is
influenced by higher center of gravity in
vertical direction and practically no torsion
of the tank.
These features of mentioned wagons are of
design-specific character. The situation is
aggravated with deterioration of their tech-
nical condition of friction wedges, center
plate, side bearings and wheel tread.

It should be noted that there are rather few
empty wagons (no more than 0.5 per cent of
the total wagon fleet) with defects, provok-
ing intensive pitching and hunting, which
represent the danger of derailment.

At the same time the number of derailments
of empty wagons amounts to 40 — 50 wag-
ons a year. This means that with consider-
able number of potentially dangerous wag-
ons, derailments occur due to combined ac-
tion of additional unfavorable factors, such
as deviation from track standards, mainly
track twists and subsidences, irregularity of
track layout, as well as regime of train haul-
ing, especialy when using electric and di-
rect braking.

Anaysis of empty wagons derailments,
charged by line-of-duty investigations
against the Track & Structures Service, indi-
cates that their main cause is poor mainte-
nance of track geometry. The distribution of
empty wagons derailments in jointed and
CWR track sectionsisillustrated in

Figure 5.
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Figure5: Distribution of empty wagons der ail-
ments by deeperstypes
It shows that 94 per cent of all derailments of
empty wagons occurred on jointed track, repre-
senting 65 per cent of the total track length of
the RZD network.

Derailments generally were registered on sec-
tions with curve less than 850 m. radiuses (Fig-
ure 6). About 70 per cent of wagon derailments
occurred at speeds exceeding 60 km/h

(Figure 7).
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Figure 6: Distribution of empty wagons der ail-
ments by curveradii (m)

All this indicate the necessity for stricter track
maintenance standards as related to sections
with curve radius 850 m. and less, for empty
wagons moving at speeds more than 60 km/h.
This correlates with study results indicating
initiation of intensive hunting of hopper- and
tank-wagons starting from speed 60 km/h, es-
pecialy with worn friction wedges and wheel
threads.
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Figure 7: Distribution of empty wagon de-
railment speed ranges

The analysisindicated that probability of
derailmentsisinfluenced by climatic factors.
Asshown in Figure 8, most of the derail-
ments occurred in June-August (about 70
per cent) and under dry weather conditions
(Figure9).
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Figure 8: Distribution of empty wagon de-
railments by-month
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Figure 9: Derailments split by weather condi-
tions
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Complex of theoretical and experimental stud-
les amed at reducing the number of empty
wagon derailments have been performed in
2002-2003. In the initial stage of these studies
computer simulation of interaction parameters
between hopper wagon and track with irregu-
larities. Sequences of irregularities 100 m in
length on transition and circular curve track
section of diverse radiuses under various
wagon speeds were simulated. There were per-
formed more than 20,000 alternate cal culations
using variable vertical and horizontal ampli-
tudes and lengths of irregularities as well as
variable distances between their tops. Derail-
ment stability factor was considered as an out-
put parameter, determined as follows:
Vv

Ko=1
where V — vertical force acting from wheel to
rail, L - horizontal force acting from wheel to
rail.

The results thus obtained are shown in Figure
10.

Figure 10: Theoretical estimate of derailment
stability factor of a wheel passing the sequence
of track horizontal irregularities

To validate the results of theoretical study ex-
perimental tests were carried out at the
VNIIZhT’ s Test Center. Combinations of verti-
cal and horizontal irregularities in the transition
curve adjacent to the 400 m circular curve
while hauling over these irreqularities hopper

wagons in different condition were tested.
To conduct these tests specia train consist
was made up comprising experimental wag-
ons and mobile laboratory (Figure 11). Spe-
cia calculations allowed to define track
guide mark and to specify braking mode of
non uniform train, thus facilitating derail-
ments of empty wagons within its consist.
Wagon-track interaction forces were meas-
ured from the wagon side and on from the
track side. The tests indicated that in the
most unfavorable interaction situation with
degraded damping in suspension system and
track irregularities, speed should be re-
stricted to the 60 km/h level. Otherwise k,
may become less than 1.0 and prolonged
separation wheel — rail contact takes place
(Figure 12).
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Figure 12: Loss of contact between wheel and
rail

Action of longitudina compressive forces
resulting in increase of lateral forces acting
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from the object to the rail at irregularities thus
decreasing wagon derailment stability. The
conducted tests indicated that the wheel separa-
tion from the rail running surface occur only
when there is no lubrication. Lubrication effec-
tively prevents such liftoffs with similar forces
involved.

Package of measures basing upon test results
was developed to reduce the danger of empty
wagon derailments. These included stricter
track maintenance tolerances as related to hori-
zontal irregularities, stricter wagon release-
from-repair tolerances, newly developed wagon
maintenance standards, improvement of wagon
repair quality, identification and placing under
repair of wagons with identified superfluous
hunting and rolling.

However in the late 90-ties general safety situa-
tion on the Russian Railways came to stability.
The number of serious safety violations does
not reduce any more. In 1997 —2003 annual
number of train crashes varied in the range
from 5 to 10 (see Figure 1). At the same period
annua number of freight trains derailments was
in the range from 48 to 91 (see Figure 3) and
passenger trains — in the range from 4 to 8 (see
Figure 4). In 2001 — 2003 some increase in ab-
solute annual number of penalty cases was ob-
served (from 5,341 to 5,600). However there
was small reduction in the number of penalty
cases (from 4.14 to 3.93) as related to one mil-
lion train-km.

In 2003 absolute number of penalty cases in-
creased by 11.3 per cent (from 652 to 726) and
their relative number — by 1.0 per cent (from
0.215 to 0.217) as compared with 2002 level.
The number of train accidents and crashes also
did not decrease just as did not their severity.
The total number of penalties charged against
Track & Structures Service increased by 14.7
per cent (from 890 in 2002 to 1,021 in 2003).
This Service is one of the two in JSCo "RZD"
structure (the other is Service for Commercial
and Freight Operations) suffering increase in
the number of penalties related to one million
train-km (from 0.29 to 0.31 — by 4.1 per cent).

Its staff was guilty for two train crashes (
from the total 6 on the RZD network).
In 2003 to compare with 2002 there was an
increase in the number of:
e derailments of rolling stock as oper-
ated with passenger trains — from 4 to
7
e derailments of rolling stock as oper-
ated with freight trains— from 70 to 72
e breakages of wheelset axle journals —
from2to 6
e wheel fructure—from3to5
e passenger coach en-route uncoupling
due to technical faults—from 45 to 50
e |ocomotive failures requiring the
change for a spare one — from 252 to
299
e signal unprotected job sites — from 36
to 38
e wagon setoff due to roller bearing
faults—from 1,122 to 1,214
e in-train self-detachments of automatic
couplings —from 100 to 107
e bursting open the switches — from 13
to21
e track disturbances causing line closure
or speed limitation to 15 km/h — from
293 to 401
e derailments of rolling stock under
shunting operations — from 56 to 58
e train running over foreign objects —
from 13 to 37.

Stabilization of traffic safety in general and
annual random fluctuations of the number of
different type of safety violations proves that
the potentialities of the traffic safety man-
agement system employed by the former
MPS-Russia, as related to its influence over
the rate of traffic accidents and breakdowns,
are practically exhausted. If adopted without
any modifications by the JSCo "RzZD" it is
capable at its best to maintain the achieved
traffic safety level. Year-after-year repeti-
tion of similar traffic accidents and prerequi-
sites to such accidents with the same imme-
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diate causes indicates that we face the chal-
lenge of systematic drawbacks, such as:

Lack of specia-purpose subdivision
within the railway transport managerial
system dealing solely with traffic safety
management problems. As with the exist-
ing system, safety inspectors are author-
ized to perform only safety control func-
tions while responsibility for safety pro-
vision is distributed between railway
technical and operational services.

Train breakdowns preventing measures
are developed basing upon analysis of al-
ready happened violations of safety con-
ditions but not on risk anaysis of their
possible occurrence in the future.

In some instances transportation plan is
fulfilled at the expense of violation of
safety rules (non providing necessary re-
pair intervals and statute-established
hours on duty and rest of locomotive
crews).

Prevailing of quantitative before qualita-
tive (including those traffic safety re-
lated) indices as far as maintenance and
repair of railway rolling stock and infra-
structure components are concerned.
Wagon service for instance prefer to
achieve planned quantity indices at the
expense of repair quality.

In some cases set-up norms are inade-
guate for carrying out in-corporate rou-
tine maintenance of wagons (for instance
in regard to wagon inspection at inspec-
tion points) or unsupported with adequate
performance capabilities of technical fa
cilities;

Not clearly defined responsibilities re-
lated to individual processes and allotted
works.

In an effort to eliminate these drawbacks in
frame of Strategic Development Program of the
JSCo "RZD", discussed at the session of the
Company Board on June 11,2004, the set of
large traffic safety improvement measures was
suggested, including:

1. Establishing Traffic Safety Man-
agement System within the JSC
"RZD" structure as a component of
the Company's Integrated Quality
Control System based on the 1SO
9000 family standards. This measure
is the most fundamental one.

2. Revision of legal, normal, technical
and technological documents now in
force; developing specia technical
regulations covering al the Com-
pany's activities amed to ensure traf-
fic safety of railway transport.

3. Development and testing, before
2007, the Multilevel Traffic Control
and Train Protection System, incor-
porating unified complex system of
locomotive safety devices (EKS),
system of wayside signaling equip-
ment and track and rolling stock di-
agnostics, necessary  hardware-
software complex. Further step-by-
step introduction of Multilevel Sys-
tem on the JSCo "RZD" network.

4. High priority development and intro-
duction as related to:

e monitoring facilities intended to su-
pervise over actions correctness of op-
erational staff including locomotive
drivers, multiple units and other self-
propelled vehicles, station masters and
train dispatchers

e occupational selection, primary and
advanced training programs for opera-
tional staff to be implemented at spe-
cialized training centers and base en-
terprises of railway transport

o traffic safety related railway staff
motivation system.

5. Development and upgrading of traf-
fic safety related social control and
responsibility.
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Implementation of indicated measures may al-
low annual reduction in the number of traffic
safety violations on the JSCo "RZD" network
not less than by 10 per cent., related to one
million train-km in all types of traffic.

Implementation of the Strategic Program of
traffic safety on the JSCo "RZD" network pur-
sues the goal of achieving traffic safety level

with risks of causing damage to environment
and human life, health, and property accept-
able in terms of existing social values and
retaining social image of railway transport
as the most safe among al the freight and
passenger transport modes. Such an ap-
proach will contribute to optimization of
traffic safety related costs and finaly to bet-
ter financial stability of JISCo "RZD".
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