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Csaba Koren *

KVALITA DOPRAVY A JEJ MANAZMENTU

V MESTSKYCH OBILASTIACH

TRAFFIC QUALITY AND ITS MANAGEMENT IN URBAN AREAS

Prispevok poskytuje prehlad o kvalite dopravy v roznych krajindch na zdklade dotaznikov a prehladov uverejnenych v literatiire. Zdakladné
otdzky, na ktoré bolo potrebné odpovedat, boli: Co je to kvalita dopravy? Akd je tiroveri kvality dopravy? Ktorii oblast kvalita nepokryva? Ako

sa uskutocrnuje kvalita dopravy?

Navrhnuté dotazniky mali zhromaZdit iidaje o uvedenej problematike. Zodpovedni pracovnici vyboru PIARC a miestnych sekcii boli
s dotaznikmi obozndameni. Zhromazdili sme aj informdcie tykajiice sa sledovanych miest. Na dotaznik reagovalo 32 miest zo 16 krajin.

The purpose of the paper is to overview the status of traffic quality in various countries, based on a specific questionnaire and some literature
survey by trying to give answers to the following questions: What is traffic quality? What is the level of traffic quality? Where is the quality gap?

How is traffic quality managed?

10 collect information on these issues a questionnaire was established and members of the PIARC Committee on Urban Areas or technical
experts indicated by them were approached. Also general information was collected regarding the cities involved. There were 32 cities from 16

countries that replied to the questionnaire.

Quality has become an important issue of traffic management.
People complain about traffic quality, while engineers try to improve
or at least to manage it better.

In recent decades, the role of and the approach to industrial
quality has changed completely. The new ideas appeared in the
services with some delay. “While in the industry there are a lot of
practical experiences available about quality management, this is
certainly not the case in the area of services. Therefore. one has
to consider a numbers of aspects, especially for people-related
services“ [1]. Traffic management, as a rather complex service,
can probably use the experiences of other fields.

The purpose of this report is to give an overview of the status
of traffic quality in various countries, based on a specific
questionnaire and some literature survey, by trying to give answers
to the following questions.

What is traffic quality ?

What is the level of traffic quality ?
Where is the quality gap ?

How is traffic quality managed ?

To collect information on these issues a questionnaire was
established and members of the PIARC Committee on Urban
Areas [9] or technical experts indicated by them were
approached. Also, general information was collected regarding

* Prof. Dr. Ing. Csaba Koren,

the cities involved. There was no preliminary selection of cities;
the aim being to obtain the largest amount of data possible. The
questionnaire was also designed to be brief, simple and easy to
answer.

Accordingly, and with these conditions in mind, we believe we
are in a position to provide interesting parameters for those
wishing to make a more comprehensive study of this problem.

It should be noted that the data furnished represents the point
of view of the Manager of the road system, and that such things
are affected by political and cultural choices, and often by
financial constraints. The results could outline a non-objective
description, since they do not necessarily provide an expression of
the needs of the users. At any rate, they give an accurate picture
of the state of affairs of the single city.

There were 32 cities that replied to the questionnaire (Table
1.). Six cities only replied to a part of the questionnaire.

It is important to focus on the fact that experts answered for
the general public and the answers of the questionnaire were
based mostly on estimates rather than on sound data. This
method could be questioned, and the interpretation of the results
could also be different. However, it is reasonable to analyse the
average of the estimates of 32 local experts.

Department of Civil and Municipal Engineering, Szechenyi Istvan College, Hedervari u. 3, H-9026 Gyor, Hungary,
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Various road transport facilities can have different quality

indicators. One of the possible systems is shown in Table 2.

Quality indicators of different
road transport facilities [3]

Table 2

Type of facility

Quality indicators

Motorway sections
between junctions

Weaving and merging areas
Two-lane roads

Junctions with traffic signals
Junctions without traffic signals
Roundabouts

Urban main streets

Mass transit facilities

Cycle facilities

Pedestrian facilities

travel speed

weaving traffic volumes
travel speed

delay, number of stops
delay

delay

travel speed

quality of service
density

density

The evaluation of quality in road traffic shows some specific
features as compared to other services:

e not only are the direct clients (road users) interested in the
quality of the service (traffic quality), but also other people
(e. g. people living in the area under consideration),

e the identity of the service provider (e. g. highway agency) is not
evident for the client and there is no formal contract between
the service provider and the client (except some special cases
such as toll motorways or metered parking facilities).

Traffic quality can be described by a number of indicators /

Countries and cities referred in the questionnaire Table 1
Ref. No. City Country
1 Adelaide Australia
2 Brisbane Australia
3 Melbourne Australia
4 Sydney Australia
5 Vienna Austria
6 Hull Canada
7 Montréal Canada
8 Québec Canada
9 Hong Kong China
10 Prague Czech Republic
11 Helsinki Finland
12 Lille France
13 Nantes France
14 Paris France
15 Budapest Hungary
16 Gyor Hungary
17 Bologna Italy
18 Brescia Italy
19 Oita Japan
20 Osaka Japan
21 Tokyo Japan
22 Yokohama Japan
23 Kuala Lumpur Malaysia
24 Lisbon Portugal
25 Porto Portugal
26 Bratislava Slovakia
27 Basel Switzerland
28 Bern Switzerland
29 Ziirich Switzerland
30 Edinburgh Scotland
31 Southampton UK
32 Washington DC USA

1. What is traffic quality?

According to one of the definitions, quality is the adequacy of
a product or of a service for a certain purpose. This means that
quality is always related to a specific goal.

Complex products or services, e.g. traffic, can be described by
a number of quality indicators. “The best description of traffic
quality requires the overall coverage of impacts and quality
indicators. The most important criteria for road users are the
speed, comfort, safety and price (related to the financial situation).
It is recommended to use the above factors as the main criteria for
the overall evaluation. Travel speed as the most important quality
indicator can be used for purposes of a simplified assessment [2].

parameters. When speaking about quality, the general public
might consider some of these parameters as more important or
more relevant. The importance of a parameter and its quality level
can be different: e. g. speed can be considered as a very important
factor but its level can be both low and high.

In order to collect information about quality management in
various cities, a questionnaire survey was undertaken. The survey
method was described earlier.

Experts were asked to mark the given indicators of traffic
quality, according to their importance/relevance in their urban area

for the general public (1 = very high, 2 = high, 3 = medium, 4 = low,

5 = very low).

The average marks of the importance of various quality
indicators are shown in Figures 1 and 2.

Both in road traffic and in public transport, the three most
important factors are: travel time, delay and safety. In public
transport, the service interval was also found to be among the most
important factors. The least importance was attributed to those
parameters which are only used by professional traffic engineers

KOMUNIKACIE / COMMUNICATIONS 4/99 o 5
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(e. g. volume/capacity ratio, density) and are not relevant to the | 2. What is the level of traffic quality?
general public.
In the second part of the questionnaire experts were asked to
In road traffic, the importance of the parameters was found | mark the given indicators of traffic quality, based on their
to be independent from the city size. In public transport, there are | estimate, according to the general quality level in the urban area
some variations according to the city size. (1 = excellent, 2 = good, 3 = medium, 4 = low, 5 = very low).
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The average marks of the quality level of various quality
indicators are shown in Figures 3 and 4.

Both in road traffic and in public transport the quality level of
safety and availability were among the three highest ones. Road
traffic comfort was also found to be among the three best
parameters, while in public transport the level of delays was found
to be good (low).

The three worst parameters were also identical in road traffic
and in public transport, namely congestion, volume/capacity ratio
and traffic density. This part of the survey is also underlining the
importance of congestion problems which are analysed in another
part of the report.

When comparing the average marks for smaller and bigger
cities, a large difference can be found. The average quality level in

KOMUNIKACIE / COMMUNICATIONS 4/99 o 7
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cities under 1 million inhabitants is about 2.4, while for cities over
1 million this value is 2.9. This reflects the lower quality level in
large cities both in road traffic and in public transport.

3. Where is the quality gap?

Comparing the importance of a parameter and its quality level
one can define a quality gap as the difference between them. If on
one hand the importance (demand) is high and on the other hand
the quality (supply) is low then this parameter shows a quality
deficit. In some other cases the actual quality of a parameter can
be higher than its importance (this is a surplus situation).

Data are shown in Figures 5 and 6.

Both in road traffic and in public transport, travel time and
delay are among the two parameters with the highest quality
deficit. In public transport, service interval, while in road traffic
congestion also has high negative values.

There are some parameters with quality surplus: in road
traffic the walking distances, comfort and availability are much
better than their importance. Somewhat surprisingly, in public
transport the safety was found to be “too good*.

Smaller and larger cities show a significant difference in this
respect. The average mark is almost a half mark worse for large
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cities both in road traffic and in public transport. Basically, the
same parameters show surplus and deficit in smaller and in larger
cities, but the magnitude of the gaps is always higher in larger cities.

This rating can be used by traffic engineers to identify the
most important needs in terms of quality improvement and to
show some areas where action is not so urgent. However, it can be
noticed that most of the indicators are interlinked: when you do
interventions regarding congestion, you deal also with delays,
travel speeds, and volume-capacity ratios.

4. How is traffic quality managed ?

The origin of organised quality control is linked to the begin-
ning of mass production. Mistakes with namely large production
series became too expensive. In order to set up a quality manage-
ment system several components are needed:

e a system of measurements or visual observations (full-scale or
sampling) and the comparison of actual values with the stan-
dards;

e a system of threshold values (goals, standards, minimal or
maximal values, target values, quality classes);

e a set of actions to change quality.

In transport, these systems appeared much later than in the
industry.

4.1. Changes in the HCM concept

In the area of car traffic, the concept of traffic quality can be
traced back to the 50’s. Based on the first edition of the Highway
Capacity Manual [4] it was found that “the hourly traffic used in
design (DHV) should be the 30th highest hourly volume of the
year. Practical or design capacity is predicated on given speeds ...
considered as satisfying the condition of operation without
unreasonable delay or restriction to the drivers’ freedom to
manoeuvre® [5].

This means that the design hourly traffic volume should not
be higher than the practical capacity of the road. The basis of this
approach is that adverse traffic conditions should not be allowed
too long on roads. There are only 30 or 50 hours per year with
traffic volumes above the practical capacity, the latter being lower
than the full capacity based on safety/quality consideration.

This early approach of quality control was also followed later
in Europe. In the German version of the HCM [3] the following
is mentioned. “Most guidelines [in Germany] are similarly
structured. Each traffic facility type has one or more quality
indicators and their related minimal requirements. Then three
major assessment levels are defined:

e With traffic volumes lower than the practical capacity, the
traffic quality is sufficient. The minimal quality requirements
are met in this case. However, these minimal requirements are
only partially mentioned in the guidelines.

KOMNIKOCIe
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e Between practical capacity and overloading, the capacity can be
found. In this range one can speak about an unstable traffic flow.

e Once the traffic volumes exceed the capacity, the facility is
overloaded, i.e. the traffic quality is insufficient.

This approach has the disadvantage that only sufficient and
insufficient traffic qualities are defined, a more precise
assessment of quality is not possible.“

In modern production management the approach to quality
has changed. It is not enough to define sufficient and insufficient
qualities and it is not enough to accept or reject a product at the
end of the production line. One speaks about required quality
levels and about quality-price relationships. In order to meet the
new requirements, nowadays not only is the quality of the
products is a subject of control, but also the production process
and the system should be designed to avoid possible mistakes and
to reach the required quality.

In the field of highway traffic, quality was defined in the
Highway Capacity Manual 1965 [6] through the term “level of
service“.

This is a qualitative measure describing operational
conditions within a traffic stream, and their perception by
motorists. A level of service definition generally describes these
conditions in terms of factors such a speed and travel time,
freedom to manoeuvre, traffic interruptions, comfort and
convenience, and safety. Six levels are defined from A to F, with
level of service A representing the best operating conditions (free
flow) and level of service F the worst (forced or breakdown flow).
The appropriate descriptions are well known for traffic engineers.

The speed - flow relationships provide a possibility to estimate
the traffic quality from given traffic volumes or to calculate from
a given traffic quality the appropriate traffic flow. This way the
traffic planners and the decision-makers received a tool for the
evaluation of consequences of decisions concerning quality. Once
they are able to evaluate consequences of decisions, they can also
influence or manage traffic quality.

In later editions of the HCM, this approach has been further
developed, quality indicators were defined and their relationships
were set up for various facilities: i.e. motorway and road sections,
junctions with and without traffic signals, public transport, cyclist
and pedestrian facilities [7, 8]. As a result of German studies in
1994, this approach has been adapted to European conditions [3].

The most important advantage of this concept is the uniform
evaluation basis for partially loaded facilities. Therefore, the
procedure can also be used besides the original design for other
purposes, such as traffic assignments, cost-benefit analyses, envi-
ronmental impact assessments of traffic management schemes.

4.2. Monitoring system
In the questionnaire survey experts were asked about the

existence of a monitoring system of the given indicators/parameters
in their country. The answers are summarised in Table 3.

KOMUNIKACIE / COMMUNICATIONS 4/99 o 9
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Is there a monitoring system of the quality parameters? Table 3
Number of answers Yes No No answer
in road in public in road in public in road in public
Parameters of quality traffic transport traffic transport traffic transport
travel time 13 18 8 1 11 13
delays 8 18 10 0 “ 14
safety 16 15 7 3 9 14
travel speed 13 17 7 2 12 13
comfort 4 3 'z 12 'z 17
availability 3 8 11 7 18 17
congestion 17 11 5 11 16
Volume/ Capacity ratio 16 12 6 10 14
walking distances 2 5 15 10 15 17
traffic/ passenger density 11 12 6 4 5 16
service interval 2 16 10 1 20 15
number of transfers 2 8 9 7 21 17
In public transport, about half of the cities are monitoring | Typical quality threshold values Table 5

travel speed, travel time, delays, service interval and safety. In
general no monitoring system exists for walking distances and
comfort.

In road traffic, volume/capacity ratio, congestion and safety
are monitored in about half of the cities. Speed and travel time are
also among the frequently monitored parameters. Most of the
cities are monitoring 5 to 8 parameters (Table 4.)

Number of parameters monitored in cities Table 4

Number of parameters Number of cities monitoring

monitored in road traffic | in public transport
1to4 8 2
5t08 14 13
9to 12 1 5
23 20

4.3. Threshold values

In the questionnaire survey experts were asked about the
existence of quality limits or threshold values of the given
indicators/parameters in their country. The number of responses
to this question was very low to this question, probably because
there are no quality limits in most of the cities. The answers are
summarised in Table 5.

4.4. Approaches to quality

In the questionnaire survey experts were asked about the
existence of any formal system of quality assessment in urban areas.
The number of positive responses to this question was very low.
They are listed below:

parameter in road traffic in public transport
travel speed min. 20 km/h 20 km/h
Volume/Capacity 0.9 at intersection
ratio 90 %
0.75..0.9
1.0

walking distances 500 m 500 m, 5 minutes

800 m

200 m

10 minutes

300 m

300...700 m
traffic/passenger 70 people per bus
density 0.2 m*/person

75..55%
service interval 20 minutes

6...60 min
travel time 30 minutes to centre
delays 1 min. before

3 min. after

scheduled time
number of transfers 2

1.2

Paris, Oita, Tokio
Paris, Tokio, Edinburgh,
Ziirich, Helsinki, Hull

a) for road traffic
b) for public transport

A transport company, a traffic authority or a traffic planner
deal with traffic quality for various reasons. Even the simple goal to
describe quality might be not so simple, as there are a number of
quality indicators which are inter-related and their measurements
need a lot of effort. The previous tables are only very compact
compilations of the most important quality indicators.

1) © KOMUNIKACIE / COMMUNICATIONS 4/99



One can also evaluate the quality of an existing transport
system. The problem in this phase is to find the appropriate
quality levels which can only be produced from a broad expert
and social consensus following discussion in professional bodies
and a certain amount of practical testing.

Companies (also transport companies or highway agencies)
usually emphasise that they are improving their quality for their
clients. Traffic quality can thus be considered as a goal of traffic
management. Through various transportation planning and traffic
engineering measures, the required quality levels can be reached.

For the traffic planner, traffic quality can also be seen as
a tool. The required goals (e.g. relieving of an area or of certain
road sections, improving environmental quality) can be reached
through influencing traffic quality. Other, more direct influencing
tools (e.g. tolls, full restrictions) can not be used in many cases or
they are not acceptable by the public. As the number of captive
riders has became smaller and more people have a choice, quality
plays a more important role in modal split decisions.

Increasing quality can pull (attract) traffic (e.g. the case of
a new pedestrian street). Through improving the quality of a link,
traffic loads can be shifted from one link to other links. Examples
are the traffic restructuring impacts of a new motorway section,
a new main road or a high quality public transport line.

In other cases, the opposite measure, i.e. the deliberate
decrease in quality of a link (for specific road users e.g. for through
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traffic or car traffic) can be the tool leading to a push (decrease)
in traffic (keyword: traffic calming or parking restrictions). This
way quality is created for other purposes, e.g. higher
environmental quality for people living in the area. The relation of
quality to the goals is emphasised here again.

It is found that traffic quality can be an important goal on one
hand. On the other hand, traffic quality can be used to influence
many decisions of road management and planning and, thereby,
to reach other goals. This is the reason why traffic planners
should be more interested in quality management.

A traffic quality management system should consist of the
following components:
® a monitoring system of the quality parameters,
e a system of quality goals and objectives,
® a set of possible actions / measures to change / improve quality.

These components should be interlinked with each other, i.e.
if a difference between goals and actual values is observed, an
appropriate action should be taken, which in turn results in
changes of the values of the quality parameters.

In general, cities have not yet reached a complex system
dealing with traffic quality. However here are a number of
elements which can be integrated later to quality management
systems.
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Géza Tarnai *

METODA HARMONIZACIE HODNOTENIA

ZABEZPECOVACICH SYSTEMOV

HARMONISATION METHOD OF SAFETY VALIDATION SYSTEMS

Cldnok sa zaoberd metédami ako harmonizovat rozne validdcie preukazov bezpecnosti podla réznych predpisov, ktore vznikli v roznych
dobdch, navzdajom a so sucasne platnymi europskymi normami CENELEC v spojitosti s konkrétnym aplikacnym prikladom realizdcie prvého
elektronického zabezpecovacieho zariadenia na MAV (Madarskej Stdtnej Zeleznici).

This paper presents methods to harmonize different safety validations, which were created at different times and by different prescriptions,
with each other and with the CENELEC standards, in connection with a concrete application example, the realization of the first electronic

interlocking system of the MAV.

Keywords: Safety validation, railway signalling,
CENELEC standards, harmonization

A decision on the modernization of the main line of the
Hungarian Railways (MAV) towards West-Europe was made in
the early 90’s. The aim of the modernization was to reduce the
travel time between Budapest and Vienna. In the frame of this
project three railway stations have been equipped with electronic
interlocking systems. The first electronic interlocking system of
MAV was installed in 1997 in Tata station, by Siemens
Transportation Systems. The Stellwerk Ltd., a Hungarian
engineering company took a considerable part in the interfacing
tasks and in a number of developing and projecting tasks.

One difficulty of the project was that the most modern
electronic interlocking has to work together with the existing
relay-based block system. Furthermore, the trackside objects
(point machines, signals etc.) are also traditional with
a traditional interface. Furthermore, it had to be taken into
consideration that the Traffic Rules for the Hungarian Railways
are different from the rules of former applications of the Siemens
interlocking (DB, SBB etc.). A special requirement was the
solution of the control of the 75 Hz track circuits, which is the
base of the train protection system. As the original electronic
interlocking was not equipped with such a sub-system, it had to be
completed with a Siemens safety programmable logical controller,
PLC (Fig. 1) [2].

The complexity of the system and the fact that it was the first
electronic interlocking system in Hungary, made the preparation
of the safety validation and the authority approval process rather
difficult. The existing, previously accepted safety validations for

* Dr. Géza Tarnai (1940) CSc., PhD., Assoc. Professor, FIRSE
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those parts, which did not have to be modified for the Hungarian
Railways, were accepted by the Hungarian Transportation
Authority, too. The modified parts needed a modification or
completion of their safety validation, and these had to be
approved by the Authority (e.g. signal system). For the brand new
parts (e.g. 75 Hz control) a new safety validation had to be
created. Of course the interface between the new and old sub-
systems (interlocking computer, PLC, block system, relay
interface and their communication) also needed a safety
validation.

The preparation of the safety cases was not the heaviest task,
but rather the harmonization of these different types of
documentation. The existing safety validations were prepared
before the appearance of the new CENELEC directives, and they
followed the directives of additional different standards. Between
the new and old safety validation the so called “safety validation
interface” had to be created in order to harmonize the different
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safety validations, and the whole package had to be matched with
the new CENELEC directives. [15]

In the following section the safety suitability analysis of
control PLC of the 75 Hz supply will be outlined.

Proofing the suitability of the 75 Hz control PLC

Railway application of the DIN V 19250 standard

As mentioned in the case of the electronic interlocking system
in Tata station, a safety PLC is applied for the control of 75 Hz
supply. Of course, it had to be examined previously whether the
selected type of PLC is suitable for this application from a safety
point of view. To decide this, the given application’s requirements
from the PLC had to be specified (matching the application and
the requirement class) and this had to be compared with the safety
requirements that the PLC can fulfill, i.e. from which requirement
class does the PLC come.

The classification of the SIMATIC S5 115F PLC that was
intended to be used in Tata was carried out in accordance with the
DIN V 19250 standard during the type examination [7]. Thus, we
classified the safety requirements of the control of the 75 Hz track
circuits also in accordance with the mentioned standard.

To match a requirement class with a given application, 4 risk
parameters must be taken into consideration:
o degree of the damage (S1...54)
e staying in the danger zone (A1, A2)
e possibility to avoid the danger (G1, G2)
e probability of the occurrence of the unwanted event (W1..W3).

W3 W2 W1
1 —
2 [ 1
3 (]2
4|3
5|4
[}
6|5
S4
s||71|6

Fig. 2 Risk graph
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The connection between the risk parameters and the
requirement classes is shown on a risk graph (Fig. 2), where the
lowest or mildest requirement class is referred to as 1 and the
highest requirement class as 8 [3].

Although the DIN V 19250 is not a railway-specific, but an
industrial standard, however with the consideration of some
additional definitions for the interpreting of the risk parameters,
it can also be applied in the field of the railway operation for the
classification of the safety requirements. The required technical
and operational arrangements that satisfy the demands of a given
requirement class must be carried out in accordance with the DIN
V VDE 0801 standard [1, 4, 10].

To match the appropriate requirement class with a given
application, the application must be decomposed into sub-
functions, and the examinations must be carried out for these sub-
functions. To determine the sub-functions the customer
requirements must be taken as a basis.

Supply of the 75 Hz track circuits

The 75 Hz track circuits are supplied with coded signal (code
‘1’...’4%), where code 1 orders the train to stop at the next signal,
and code ‘4’ allows to drive at the highest permitted speed. Codes
‘2’ and ‘3’ mean intermediate speeds. The basic safety task of the
75 Hz supply is to stop those trains with an emergency braking
that are passing by a red signal at a speed more the 15 km/h [9].

To fulfill this requirement

e the 75 Hz track circuits must be supplied with code ‘1’ (stop!)
on a given length before the red signal,

e the track circuit section behind the signal must not be supplied, or
only so that the aerial of the train may not receive any 75 Hz
signal from the track. The latter is to solve so that the track section
behind the signal must be supplied from that side where the train
will enter on the track section, i.e. from the signal (Fig. 3).

Code 1

N\

a — >

Fig. 3 Supply of the track circuits before and behind the signal

Another task of the 75 Hz supply that must be examined
before the classification of the safety requirements is: the onboard
repeater signal on the locomotive may not show higher speed than
what the real signal beside the track shows. To this the supply
code must correspond to the real signal, and in case of a failure it
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may only be lower. E.g. if the main signal allows 40 km/h speed,
the supply may not be code ‘4’ (maximum speed) instead of code
‘2’, not even in case of a failure.

The task of the PLC is to select the required code and to
control the safety relays which switch the code (Fig. 1). The code-
switching relay circuit is so constructed that in case of a PLC
failure or break-down, or in case of a relay failure, the supplied
code can only be ‘1’ (stop!).

Result of the Examination

We examined the possible operational cases, and to the
mentioned functions we fixed the requirement class 5, with one
exception. In one case the requirement class 6 was established.
Since for an application always the highest sub-function is
significant, for the 75 Hz track circuit control PLC the
requirement class 6 can be established.

According to the type examinations of the TUV Bayern, the
S5-115F PLC satisfies the demands of the requirement class 6 of
the DIN V 19250 standard [16], thus the selected PLC is suitable
for the presented application, i.e. for the control of the 75 Hz
supply.

Comparing of the safety prescriptions

Former prescriptions

Different safety directives and safety philosophies have been
formed at the railways of the different countries during the
development. From the flowing different technical applications
have been developed the different safety validation procedures for
the railway signalling equipment. A favoured of them in Europe is
the “Directives to Technical Authorization of Railway Signalling
Equipment“ (Mii 8004), elaborated and being regularly updated
by the Central Office of German Federation Railways (its new name
is Federation Railway Office, EBA). These directives are not
exclusively applied by the German Railway (DB), but many other
railways and other railway signalling institutions use this
directives’ collection during their activity.

In the case of the Siemens’s electronic interlocking system in
Tata, these directives are also authoritative, since the safety
validations for the previous applications of this equipment, e.g. at
the DB, were also elaborated in accordance with the Mii 8004. In
order to keep the consistency, it seemed to be practical to carry
out the safety validation of the for the MAV application changed
or new system parts also on this basis.

The intention to a unified procedure, however, could not be
totally successful, because as mentioned before the suitability of the
control PLC of the 75 Hz supply could be validated on the basis of
the DIN V 19250 standard. A further difficulty was that the
Hungarian railway authorities, from the mid-90-s intended to take
the new European standards as the basis for future applications in
Hungary [13]. It meant for us to examine the compatibility of the
former and the new standards or preliminary standards so that the

existing safety validations previously elaborated by former
prescriptions should not be created again, and only the necessary
modifications and additions should be done.

The New Prescriptions

In frame of the elaboration of the new European standards,
the DIN V VDE 19250 German standard used as a basis up to now
is put into the IEC 65 A (Sec) 123 international standard [5], and
the DIN VDE 0831 which was compulsory for the railway
signalling equipment will be transferred to the EN 50129 European
standard [11].

The requirement classes of the DIN V VDE 19250 appear in
the IEC 65A (Sec) 123 standard as Required Risk Reduction in
8 levels, signed with letters from ‘a’ to ‘h’. From the Required Risk
Reduction levels are deducted the System Integrity Levels (SIL),
signed with numbers from 0 to 4. These levels form the base of the
technical realization by the IEC 65 A (Sec) 123. The connection
between requirement classification of the DIN V 19250 and the
IEC 65 A (Sec) 123 is shown on table 1. [1]

Table 1
Requirement classes |Required Risk Reduction| System Integrity Level
DIN V 19250 IEC 65 A (Sec) 123
1 a 0
2 b 1
3 c 1
4 d 2
5 e 3
6 f 3
7 g 4
8 h 4

The main target of the harmonization activities in the frame of
the CENELEC is to establish the conditions for cross acceptance
of the technical safety procedures in Europe. The elaborated draft
standards (prEN 501xx) are based on international preliminary
standards (IEC 65 A Sec 122 and Sec 123) and national safety
directives e.g. Mii 8004 and RIA 23 (Directives for Software of the
British Rail). From these, the basic safety principles were taken
over and a well-structured, comprehensive preliminary standard
was further developed [6, 8].

The common regulations of the different railways and the
general application of former international (e.g. ORE) recom-
mendations eased the euro-norming procedure. However, the
differences mainly on the field of servicing and functionality form
a considerable obstacle against the general introduction of cross
acceptance.

A further purpose of the application of the new standards is
to keep the future developments’ costs, devoted to the safety only
as high as the application really requires. To achieve this aim, 4
Safety Integrity levels have been created concerning the failure
probability and the risk class of a system or system-part (table 2).
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Table 2
Level Safety Integrity Descriptive expressions (alternatives)
4 Very high Vital Critical Safety critical Fail-safe
3 High Vital Critical Safety-critical High-safe
2 Medium Medium vital Essential Safety-related Medium-safe
1 Low Medium vital Essential Safety-related Low-safe
0 Not defined Non-vital Non-essential Non-safety-related Non-safety related

The highest Safety Integrity Level is 4. This level is valid, for
example, for railway signalling equipment or a train protection
system. The lowest level is 1, which is recommended for simple
safety applications. For non-safety applications the level 0 was
formed. The required safety class is a function of the frequency
and the significance of the hazard possibilities of the controlled
process and the expected safety goal.

By the establishing of the hazard, the new preliminary
standard has a different basis than the former one. From the risk
parameters of the DIN V 19250, it does not contain the “staying
in the danger zone“ (A) and the “possibility to avoid the danger®
(G). It defines the “degree of the damage® (S) and the
“probability of the occurrence of the unwanted event* (W)
parameters in another way, too. The probability of the unwanted
event is shown as probability levels and is classified. The former
deterministic and implicit probability approach is exchanged with
a stochastic, explicitly on probabilities based approach [14].

The new preliminary standard defines the satisfactory safety
as the probability that the technical process or the system suits the
determined and proved safety requirements at any time until the
uninstallation of the system.

If we include the Mii 8004 standard into the examination, we
can state that it does consider neither the probability of the
unwanted event, nor the degree of the damage. Furthermore the
classification of the system safety requirements can not be found,
which is otherwise ordinary in other prescriptions. Thus,
according to the Mii 8004 any safety related system should meet

the highest requirements (SIL 4 according to the euro-standards).
The non-safety systems correspond to the SIL O of the euro-
standards. The intermediate levels can not be handled by the Mii
8004 standard.

The connection between the requirement classes of the
different safety prescriptions is shown on table 3.

Comparing the Mi 8004 and the euro-standards, the
difference is obvious in the field of safety process and the approach
to safety management [ 15]. The safety process required by the Mii
8004 is based on a static safety management approach. Practically
it focuses on the required safety at the moment of the approval of
a new system and does not or hardly contains any prescriptions in
connection with the further phases of the system’s life cycle. It
presumes that the necessary and sufficient examinations to prove
the existence of the safety can be carried out. Therefore the
examiner’s knowledge on the examined system is critical.

In spite of this, the new euro-standards are characterized by
dynamic safety management. Obviously the regulation of the
approval is similar to the Mii 8004, but the safety process is
completed: the whole life cycle is covered by the regulation. Thus,
the required level of safety and quality is assured in frame of
a properly designed and controlled process. It also means that the
approval examination is less emphasized in the process than in the
Mii 8004.

According to the new euro-standards it is evident that
necessary and sufficient examination of the classical approach can

Table 3
Requirement class System Integrity Level Safety Integrity Level System qualification
DIN V 19250 IEC 65 A (Sec) 123 prEN 50129 Mii 8004

1 0 0 Not safety-relevant

2 1 1

3 1 1

4 2 2

5 3 3

6 3 3

7 4 4 Safety relevant,

8 4 4 fail-safe
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not be practically carried out. Realization of the additional
considerations besides the previously known and unified
examination considerations are the responsibility of the developer
and the examiner. The realized hazards and the arrangements
made for their correction can be followed up. The safety can be
connected to and proved at certain levels of the system’s hierarchy.
The reviser does not need to know the equipment in total; his main
task is to control keeping the rules.

Harmonization of the former and newer prescriptions

We can conclude that the two safety validation processes
based on different approaches are not to be exchanged, and it is
difficult to switch from one to the other. However, the importance
of the difference between the above detailed regulations is
decreased by several factors: one is that the Mii 8004 recommends
to apply an ISO 9000 like quality management in the development
and the manufacturing. Thus, the safety as a property of the
product can be controlled and followed up with the product itself.
Therefore, the result of the two different regulations in the
developing and manufacturing phase can be equal.
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ZABEZPECENIE ODSTUPU VOZIDIEL - VYUZITIE SYNERGICKYCH
EFEKTOV MEDZI ZELEZNICNOU A CESTNOU DOPRAVOU!

MAINTAINING INTER-VEHICLE SPACING - USING SYNERGETIC
EFFECTS BETWEEN RAIL AND ROAD TRAFFIC!

Tak ako doteraz, dopravné sluzby su rozhodujiicim kritériom ekonomiky. Toto konstatovanie vytvdra predpoklad pre zaoberanie sa réznym
smerovanim a bezpecnostnymi zdasadami pre dve dolezité zdikladne dopravnych systémov, a to: cestnii a Zeleznicnii dopravu. Cielom je urcit,
ako dva systémy moZu navzdjom prispiet, kazZdy zvldst vybratymi postupmi, k rieSeniu a ktoré koncepcie v budiicnosti umoznia tiito ¢innost.

V Zeleznicnej alebo cestnej premdvke md dodrZanie rozstupu vozidiel priame ucinky na viaceré kvalitativne kritérida dopravného procesu
a priepustnosti.

Rozne teoretické moznosti a praktické aplikované zdasady pre dodrZanie rozstupu vozidiel si popisané a odhadnuté so zohladnenim casu,
bezpecnosti a priepustnosti. Dnes sa pouzivajii rozne zdsady v oboch systémoch, co je pripisované scasti historickému rozvijaniu systému, ale
aj jeho pomoci technickou podporou systému. PretoZe obidva systémy umoznuju maximdlnu dopravnii priepustnost, je treba zvdZit jej zavislost
od dodrzZiavania odstupu vozidiel.

Synergicky potencidal umozni pouzivat a v interdisciplindrnom pristupe zistenie a klasifikovanie dopravného variantu. V budiicnosti bude
vozidlovd elektronika vyvinutd s rovnakym cielom a podobnym ndcrtom podmienok. Zeleznicnd doprava potom méze mat zisk zo série efektov
cestnej dopravy a tak posilnit svoje trhové postavenie prostrednictvom poskytnutych rieseni. Zhodné predstavy v oblasti zdkladnej vozidlovo-tra-
tovej (cestnej) informdcie (digitdlna mapa) potrebujii priechodné spolocné rieSenia. V oblasti dopravného priidu a automatiky, vodicovej riadia-
cej cinnosti, spolocné stidium a zdravy rozum prikazujii, Ze pride k smerovéemu vedeniu a vozidlovej ochrane.

Now as ever, transportation services are a decisive criterion of an economy. This constitutes the background for dealing with the various
routing and protection principles for the two important land-based traffic systems: namely, road and rail transport. The objective is to determine
how the two systems could benefit from the respectively chosen approaches to a solution and which future operating concepts this makes possible.

Whether in rail or road traffic, inter-vehicle spacing directly effects several quality criteria of the transport process, and vehicle throughput.
The various theoretically possible and practically applied principles for maintaining inter-vehicle spacing will be described and assessed with
regard to occupied time, safety, and throughput. Today, various principles are used in both system which is attributable in part to the historical
development of the system but also to the possibility of supporting the system through technical assistance systems. For both systems the possible
maximum traffic throughput is considered depending on maintaining inter-vehicle spacing.

Synergy potential can be used through an interdisciplinary approach to detection and classification of traffic scenarios. In the future, vehicle
electronics will be developed with the same objectives and similar outline conditions. Rail traffic then can profit from the series effect of road traffic
and thus reinforce its market position through affordable solutions. Identical concepts in the field of vehicle-based route information (digital map)
will permit joint solutions. In the field of convoy formation and automatic, driverless operation, joint studies make sense when it comes to
longitudinal guidance and vehicle protection.

1 Routing and Protecting Road and Rail Vehicles
- More Than Just a Technical Challenge

1.1 The Social Significance of Transport

Now as ever, transportation services are a decisive criterion of
an economy. In the EU 15, passenger traffic increased by more
than 10 % during the period 1990-1996. During the same period,
cargo transport increased by nearly 10 %. In order to be able to

perform these services, investments totalling EURO 70 billion
were made in 1996, thereof 65 % for road transport and 25 % for
railways. Accordingly, roads and railways together require 90 % of
total infrastructure performance. Of the total passenger traffic
volume (approx. 35 passenger km per day), approx. 80 % was
handled by individual automobile traffic. In 1996, however, there
were also approx. 42,000 roadway traffic accident fatalities, which
shows an annual decrease of 2-3 %; there were 900 fatalities in rail
transport [3]. These figures clearly underscore the grave social

* Prof. Dr.-Ing. habil Giinter Hertel, Dipl. Ing. Hans-Eberhard Siebert, Dipl. Ing. Richard Vogel
DaimlerChrysler AG, DaimlerChrysler Research and Technology, Goldsteinstrasse 235, D-60528 Frankfurt am Main,
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importance of this issue and make it clear why the subject of safe
mobility matters to all social classes, municipalities, and industry.
Furthermore, they constitute the background for dealing with the
various routing and protection principles for the two important
land-based traffic systems: namely, road and rail transport. The
objective is to determine how the two systems could benefit from
the respectively chosen approaches to a solution and which future
operating concepts this makes possible.

1.2 Quality and Performance of Road
and Railway Transport

When considered from a “bird’s-eye“-view, vehicles operate
on traffic routes in traffic flows. These vehicles can be
individually powered or coupled vehicle units that lay claim to use
the infrastructure for changing location from A to B (routes).
Within the meaning of general traffic theory, this claim is
a demand (see [3]).

From the standpoint of demand (the infrastructure user), the
occupation time or throughput time 7 it takes to cover route s is
a unit of time, cost, and quality'. There are other units of cost and
quality, for example, the speed v = ds/dt, the change in speed
dv/dt, pollutant emissions and fuel consumption or intactness of
the goods transported, but the subject of spacing has never been
touched upon.

Within the meaning of traffic theory, infrastructure is
a service facility that accommodates demand and/or provides the
slots for meeting the demand (supply of infrastructure).

The supply of infrastructure results in

e Measurements of performance capability ratios, especially
throughput (maximum, available, etc.) and

o The reliability and availability of the infrastructure [1]

The combination of supply and demand results in

e Measurements of operational performance, especially capacity
utilisation of infrastructure, transitory values of demands (time,
cost, quality ratios) as well as congestion figures (waiting time,
probability of waiting, production time, etc.) [8].

The objectives of a demand centre for minimal occupation
time to cover the route s and of an infrastructure provider for
profitable capacity utilisation of the provider’s infrastructure are
not free of contradictions:

Both individual vehicles and vehicles or trains in traffic that
is channelled into lanes have individual wishes with regard to
occupation time (travel time, travel speed, speed/acceleration
profiles, etc.). This leads to the task of principally organising

convoys of heterogeneous vehicles and speeds so that these

convoys ensure

e maximum fullfilment of the individual requirements (of the
vehicles)

e maximum satisfaction of the requirements of the infrastructure
operator (provision of slots, road/line availability...).

In this context, vehicles must be

e able to move quickly and safely in convoys

able to overtake one another quickly and safely

able to get into and out of a traffic flow quickly and safely
able to move quickly and safely in intersecting traffic

reliably protectable against other oncoming, flanking, and
parallel vehicles.

Furthermore, the throughput through the infrastructure
(measured in vehicles per time unit on average or by the income
from a road/line price system) must be maximised.

The following principles of maintaining inter-vehicle spacing
are evaluated on the basis of these demand from the viewpoints of
o Occupation time of the demand on the route s
o Safety of the demand in the traffic flow
o Throughput for an infrastructure cross-section.

The methods used for railways and roadways are compared
for the aforementioned outline conditions in order to identify
possible synergetic potential. On this basis, the repercussions for
automated and driverless operation are considered.

2 Maintaining Inter-Vehicle Spacing - Principles,
Possible Solutions and Assessment

2.1 Principles of Maintaining Inter-Vehicle Spacing®

Regardless of the type of solution, it is possible to state
generally valid basic relationships for maintaining inter-vehicle
spacing. The basic equation for maintaining inter-vehicle spacing
results from the safety-dependent necessary inter-vehicle spacing
I, which is the difference in the braking distances of both vehicles
(without accounting for reaction time).

2 2
V2 V1

lp=———— =0 1

B W, 20, B (D

where /;, Necessary inter-vehicle spacing
b, Maximum braking delay of the lead vehicle

The terms occupation time is defined here as they pertain to production technology (compare [9]). In the generally valid definition, these times consist

of the components execution of production, extra time-tolerance for manufacturing inaccuracy, synchronisation time and waiting times. In the context
that is relevant here, only the production times, i.e., the times for a driving process, are considered with various principles for maintaining inter-vehicle
spacing. The theoretical foundations of t he conceptual axioms and the underlying models were set forth in [6].

Compare especially [16] and [18]
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b, Maximum braking delay, under any circumstances, of
the following vehicle

v, Momentary speed of the lead vehicle

v, Momentary speed of the following vehicle

Safety is assured only if /; = 0. A negative spacing would
mean that the following vehicle would penetrate the lead vehicle.
This does not yet include an additional margin of safety to cover,
for example, errors in speed and distance measurement, idle and
transition time in the reaction links of a spacing control, and
changes in the length of trains due to changes in tensile force or
incline. The use of equation (1) as a regulation for maintaining
inter-vehicle spacing is called “operation at relative braking
distance”. Thus, the safety concept of maintaining inter-vehicle
spacing takes the braking distance of the lead vehicle into
account. If the lead vehicle, for example, is forced to halt suddenly
by an accident, the following vehicle may drive into it.

To avoid this case, the braking distance of the lead vehicle is
not taken into account when calculating /.

IB=— 2)

In this way, provision is also made for an abrupt stop by the
lead vehicle (borderline case braking distance of lead vehicle = 0)
as far as the safety concept is concerned. This is called “operation
at absolute braking distance”.

If a maximum permissible speed is generally used in equation
(2), this results in a regulation for maintaining inter-vehicle spacing
that is known as “operation at constant distance spacing".

]B — max (3)

In this case, the same and thus constant distance which
results from the braking distance at the maximum permissible
speed is always prescribed regardless of the momentary speed.

2.2 Possible Solutions and Assessment

In the course of development of traffic control principles,
among other things on the basis of the aforementioned theoretical
regulations for maintaining inter-vehicle spacing, the methods
described below were introduced or used (compare [16]).
Furthermore, methods that will become feasible in the future are
described.

o Operation at Visual Range
The driver of the following vehicle controls the distance
between the lead vehicle and the following vehicle based on his
view of the route ahead of him. The driver is responsible for
safety; there are no technical assistance systems to support him
in this task.
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In road traffic, there are various rules of thumb for maintaining
spacing relative to the lead vehicle, for example, “spacing rela-
tive to lead vehicle equals one-half speedometer distance, in
other words: As = K1/2vy,.,,. The proportional constant
K computes to 1.8 and has the dimension of a time. Thus, the
recommendation means operation with a constant time interval
of 1.8 sec. regardless of speed (this time also accounts for the
motion of the lead vehicle as well as the reaction time of the
driver of the follow ing vehicle - compare “operation at relative
braking distance“). In practice, vehicles also operate at shorter
intervals depending on the operator’s willingness to take risks
when travelling in a convoy. Theoretical and practical studies
have shown that maximum system throughput for convoy trips
is attained at a value of K = 1.2. At K < 1.2, the propensity for
spontaneous tailbacks (instability) increases. Temporary distur-
bances are reduced at K = 1.4 and resolve themselves; in other
words, a steady-state traffic flow is attained (for more remarks
on this topic, see, among other sources, [11] and [12]).
Because of the longer braking distance, “visual operation“
is used in rail traffic only at very low speeds: trams at
Vmax = 10 km/h or trains in emergency operation (v,,,. = 40
km/h) or shunting operations (v,,,, = 25 km/h) [15].
Occupation time

In road traffic, the occupation time depends on the driving
behaviour of the participating drivers in the convoys. Because
of the strong influence exerted by individual drivers, it is
impossible to map the system behaviour deterministically.
Theoretically, the minimum occupation time would occur when
there is only one vehicle in segment s at a time. As long as
multiple vehicles in segment s do not influence one another (so-
called free or independent traffic), the minimum occupation
time (depending on vehicle speed) would also apply. Inter-
vehicle spacing decreases with increasing density. This does not
change the occupation time as long as the vehicles do not
influence one another. In practice, however, uncoordinated
acceleration and braking movements then occur, which diffuse
through the convoys in the form of waves. Then speed is
reduced and the occupation time increases. At extremely high
density, the speed may drop to zero (tailback at v = 0), in
which case the occupation time increases accordingly. Thus,
even without barring accidents, occupation times may become
very long in road traffic while they usually remain short where
railways are concerned because of the timetable.

Safety

The level of safety attainable in road traffic depends on the
driving behaviour of the participating drivers and their
willingness to take risks. To begin with, human beings do not pose
an increased risk in terms of reliability when piloting vehicles
and/or in the special case of maintain inter-vehicle spacing (see
also [17]). Rather, the situation becomes critical under special
traffic conditions, for example, dense convoy traffic, abrupt
braking in the convoy, difficult road conditions, driver fatigue,
etc.. “Results of traffic measuring show that especially on
motorways, vehicles operate within or even under the zone of
minimum safety and the inter-vehicle spacing is influenced only
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slightly by the speed. This is apparently attributable to a gross
underestimation of the necessary assured clear distance on the
part of drivers® ([18] - S. 87). Road traffic does not attain the
same level of safety as rail traffic which is also demonstrated by
the accident statistics when averaged over many years.

In rail traffic, “visual operation® is a special mode of operation.
The safety standards inherent in the modes of operation of
standard-gauge railways are virtually attained through fixed
speed limits and a precise set of regulations for special modes of
operation.

Throughput

Depending on traffic density, throughput in road traffic first
increases to a maximum, and then, with additional increases in
density (increasingly smaller inter-vehicle spacing) reduces
erratically (so-called fundamental diagram of road traffic - Fig. 1).
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Fig. 1 Fundamental Diagram of Road Traffic

The throughput of rail traffic during “visual operation“ is of
course very low, because according timetables do not provide for
dense traffic, but rather for free, independent traffic; it is a special
mode of operation that is not used in normal operations.

o Operation at Time Intervals

In this principle, a vehicle is allocated a fixed time period that it
is permitted to use for carrying out its trip (“timeslot®). As
a rule, a start time and an end time are each assigned to a fixed
position on the route. Within the timeslot, the vehicle is
permitted to be between the two positions. The length of the
timeslot and the correlating accuracy of location directly
influence all assessment values. Operation at time intervals is
a longstanding method in railways and was used when routes
were not very busy. With the traditional technique, it was only
possible to monitor the time interval between trains at
departure. Thus, for reasons of safety, large time intervals
between trains and low system throughput resulted. Additional
auxiliary technical systems for increasing system safety were not
used. The timeslot operation method is not used in road traffic.

The aforementioned recommendation to drive at “one-half
speedometer distance”, however, amounts to a modified form of
the principles presented here.

When modern methods (for example, radio-controlled train
control) are used, new possibilities may present themselves in
rail traffic since precise reporting of train positions and radio-
supported cab signals make it possible to shorten the timeslots.

Occupation time

The occupation time in the system depends on the length of the
timeslots and this, in turn, depends on the accuracy with which
the vehicles can be located. The higher the locational accuracy,
the more the timeslots and thus the occupation time can be
shortened (threshold: duration for braking from maximum
system speed).

Safety
The attainable level of safety depends on the feasibility of
observing the assigned timeslots and the route assigned to this
time.

Throughput
The system throughput can be optimised through precise
methods for determining vehicle locations.

Operation at Fixed Distance Spacing

In operation at fixed distance spacing (compare equation (3)), the
route is divided into fixed sections (in rail traffic, this is known as
“blocking”). Only one vehicle is permitted in each section. The
minimum length of a section depends on the maximum braking
distance of all vehicles (within the system of Deutsche Bahn AG,
for example, 1000 m at a maximum speed of v, = 160 km/h).
Operation at fixed distance spacing is the standard procedure for
controlling and protecting trains running one behind the other.
Today, it is virtually the only method used in rail traffic. Even
current developments draw repeatedly on this principle. This
method plays virtually no role whatsoever in road traffic.

Occupation time

The occupation time is influenced by the length of the fixed
sections into which the route is divided. The longer the section,
the longer the mean occupation time of a vehicle in the system.
This effect applies disproportionately at low speeds, because the
length of the section is proportional to the maximum system
speed. In mixed traffic, slow and fast vehicles obstruct one
another, which leads to an additional increase in the occupation
time due to the increase in the waiting time (according to
timetable) (Fig. 2 - compare [7] and [15]). The figure shows
expected value ETy, of the loading of the system in trains per
time unit. This waiting time function has a progressively
increasing run. It converges with a loading value p that is
characterised as the maximum operative capability LF,,,..

Safety
This principle for maintaining inter-vehicle spacing offers the
highest standard of safety in rail traffic with the associated train
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Fig. 2 Waiting Time Function in Rail Traffic

protection systems (signals, axle-counting circuits, track
circuits, etc.). Additionally, the driver is supplemented and
safeguarded by train running control and protection systems
(for example, punctual train running control or linear train
running control). Thus, fail-safe behaviour is attained. The
system will not leave the secure state in the event of one
technical or human error.

Throughput

The throughput of the system depends on the length of the fixed
sections of the route (“blocking“). Especially at low speeds, this
subdivision leads to low system throughput. In new deve-
lopments (“high-performance block®), the block length is
shortened through additional technical equipment, and thus the
system throughput is increased (compare, among others [22]).

The objectives “maximisation of throughput® and “mini-
misation of occupation time“ are not free of contradictions. In
road traffic, both objectives are assessed using the so-called
“rating” (= traffic performance per hour or the product of traffic
intensity and speed) - [18] - S. 80.

EMPF,, | Egy[ ET,
ET,

w

_ EMPF,, fLF
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Loading (Trains / T)

Optimum Performance Span

Fig. 3 Optimum Performance Span in Rail Traffic
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In rail traffic, [7] an attempt has been made to find an
optimum operating range (Fig. 3 - compare also [15]). The lower
threshold of this optimum performance span results from the
minimum of the relative sensitivity of the system EMPF,,. The
relative sensitivity is the first partial derivation of the waiting time
function (introduced above) to the load p, in relation to the value
of the waiting time ET},. The upper threshold of the band of
optimum system performance results from the maximum
transport energy Ep,,. The transport energy is the product of the
system load and the mean transport speed which decreases with
increasing loading. Operational experience to date has shown that
when this theoretical view is applied, the practical loading of the
system should rather be set toward the bottom threshold of the
optimum performance span.

o Operation with Variable Distance Spacing (Rail Traffic: Positive
Train Separation)
In this variant, the safety distance spacing is coupled to the
following vehicle. A differentiation is made between operation
at maximum braking distance (equation (3), but with non-
stationary distance spacing) and operation at absolute
(equation (2)), or relative braking distance (equation (1)). In the
first case, the distance spacing equals the maximum occurring
braking distance. When operating at absolute braking distance,
the speed and braking characteristics of the following vehicle
are taken into account, while the braking distance of the lead
vehicle is additionally used for the relative braking distance.

Occupation time

The occupation time in the system is relatively short in
comparison to the method of maintaining inter-vehicle spacing
described above, because the incidence of mutual interference
is minimal with or without a timetable even with mixed traffic
(non-uniform vehicle speeds and/or lengths).

Safety

In rail traffic, the level of safety attainable when operating at
maximum and absolute braking distance equals the high level
of safety of the principle “operation at fixed distance spacing®.
This likewise requires technical auxiliary systems for vehicle
protection and vehicle control, the technical design of which,
however, differs from the systems that have been known and
introduced to date (for example, vehicle-based location and
train integrity monitoring).

In rail traffic today, operation at relative braking distance is
considered critical in terms of safety. Fixed obstacles along the
route lead to problems, especially with dense traffic. Moreover,
use of this principle in rail traffic is prohibited under currently
valid regulations.

Throughput

System throughput can be maximised in particular with the
approach “operation at relative braking distance“. Here it is
technically possible to reduce inter-vehicle spacing to “zero®
and thus attain maximum throughput.
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The aforementioned methods for maintain inter-vehicle
spacing are of varying importance for the road and rail traffic
segments. The methods must be assessed differently with regard
to the attainable levels of safety, as shown above. With regard to
the occupation time and/or the throughput or, more generally,
with regard to the traffic energy of the system, comparable
conclusions can be drawn.

Fig. 4 shows the basically attainable operative capability of the
various methods using the example of ICE train trips in rail traffic
([19]). The diagram is normalised to the inter-vehicle spacing
maintenance principle “operation at constant distance spacing
with station and warning signals“ (Q;/Qyy = 1.0). Various
operational cases of ICE train trips are considered. The influence
of locational accuracy on the operative capability of the system is
apparent. With the principle “operation at relative braking
distance“, it is possible to increase maximum throughput by
a factor of up to 4.36 in comparison to the reference case.
Additional increases would be possible through techniques such as
convoys or rendezvous techniques. In both traffic systems, these

considerations must always be made from the point of view of the
required level of safety and the currently valid regulations. Rail
traffic is at an advantage in this connection, because the lower
number of degrees of independence i n the rail system offers better
possibilities for technical support with the objective of a higher
level of safety.

3 Technical Solutions
3.1 Rail Traffic'

Besides application of the prescribed operating procedures,
route- and vehicle-based technical equipment is also used to
implement the aforementioned methods of maintaining inter-
vehicle spacing. In the process, train protection systems are used
which, among other things, are responsible for protecting trains
running one after the other - in other words, for maintaining the
necessary spacings - without intervening directly in the train
control system.

B Absolute braking distance
[@ Relative braking distance

Operation case 1: ICE followed by ICE

5,00
> ] 4,36
g ]
= 4,00
G_ ]
> ] 3,06 3,07
3 300 2,52
5 : 2,12 102 2
S 2,00 LA 143 1,45 156
S ’ 127 143 1
= 1 1,00 1,00 1,00
= 1,00

0,00

1 2 3

Operating Case

[0 Constant distance spacing with station and warning signals
[J Absolute braking distance with running control 72/80
[J Absolute braking distance with running control and high-performance block

Operation case 2: ICE followed by ICE with slow travel section
Operation case 3: IC overtaken by ICE at station

lo: locational inaccuracy

Fig. 4 Normalised maximum throughput Q,/Qyy, of various regulations and systems for maintaining inter-vehicle
spacing on newly constructed ICE routes for various operating cases (compare [19])

The technical safety systems and train running control systems have developed in very different directions over many decades. Depending on the high

service life of the components, many solutions remain in service even today. A description of this complex family of solutions would far exceed the
bounds of the problems under discussion. For this reason, only a few technical implementations are addressed as examples.
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One example is a typical facility for operating at fixed
distance spacing. In this case, each block of a route is optically
protected by an entry signal that is visible to the driver. Due to the
long braking distances and limited visibility, at higher speeds, an
additional signal (warning signal) that conveys information about
the position of station signal is provided at a great distance from
the station signal. To monitor the actions of the vehicle driver,
facilities can be provided for, at a suit able distance from the signal
equipment, which together with equipment aboard the vehicle can
detect when the maximum permissible speed is exceeded or the
vehicle driver fails to carry out an operating action at this point
and, if necessary, trigger the brakes (punctual train running
control “PZB*).

If one wants to boost system performance (for example, by
shortening block distances), then continually active (linear) train
running control systems must be used to ensure compliance with
the necessary spacings. Moreover, these systems serve to support
and monitor the vehicle driver. In the event of driver error, the
system will maintain the safe state (fail-safe behaviour).

Safety equipment in rail traffic was originally mechanical or
electromechanical in design and is still in use in this form today.
As in other fields of technology, today electronic systems are
being substituted in place of mechanical solutions for control
tasks. Increasingly, modern communications technologies and
powerful electronic components are being used in these systems
(for example, radio-based technologies in combination with GPS
location for indirect determination of spacing). Furthermore,
there is a clear trend toward eliminating complex technology from
the route and the stationary equipment and putting it inside the
vehicles instead. This should reduce the fixed costs and
maintenance outlay for the railway operation at the expense of
transport-related costs.

3.2 Road Traffic

Today’s road traffic is characterised by operating with short
spacings, fast-changing scenes, and convoys. There is virtually no
route technology to support the maintenance of inter-vehicle
distance, aside from the boundary post spaced at 50 m, which can
help the driver to estimate distances. Operation is according to the
principle “operation at visual range” (see above). Depending on
his/her mentality, the driver of the following vehicle follows at
absolute braking distance or (if he or she is prone to take risks) at
relative braking distance by allowing for the speed of the lead
vehicle in his or her braking distance. Maintaining inter-vehicle
spacing depends almost entirely on the driver’s assessment ability,
for example, with regard to the traffic situation, vehicle braking
distances, the respective road conditions, etc.. For these cases,
vehicle-based technical assistance systems that also assist drivers in
taking responsibility for safety (driver assistance systems, for
example, ABS, ASR, outside temperature indicator, sleep alarm,
proximity warning radar). All systems are, as a rule, vehicle-based;
in some cases, they use various items of information from outside
the vehicle in data processing and display and control technology.
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Various methods of determining the distance to the lead vehicle
were investigated and, in part, implemented in devices.

® Radar Technologies - Doppler Radar (Example: Distronic)
One example of an application of Doppler radar technology to
the problem of maintaining inter-vehicle spacing is Daimler-
Chrysler’s Distronic proximity-controlled cruise control (Fig. 5-
[14]). The system constantly keeps road vehicles at the correct
distance from the vehicles in front of them. An electronic
processor automatically activates the brakes if the distance to
the vehicle ahead is reduced and accelerates automatically to the
programmed target speed again as soon as traffic density
permits (cruise-control function). The heart of the system is
a compact radar antenna mounted behind the radiator grille
which incorporates three interrogator-responder units. These

Fig. 5 The Distronic’s radar antenna covers all three lanes

units continually send out their signals at an angle of three
degrees and cover all three lanes of the motorway at a distance
of approx. 80 metres. If the short-wave radar impulses
(77 Gigahertz) hit an obstacle, they are reflected and change
frequency in the process. A digital signal processor computes
the relative speed between the two vehicles on the basis of this
frequency change, while the distance is computed based on the
transit time of the reflected signal. Normally the system is set
for a specific time interval. The speed of the lead vehicle also
flows into the computation of the time and distance intervals.
One interesting fact is that this does not require any technology
along the route.

o Optical Methods/Radio-Based Methods (Example: Electronic
Drawbar)

Fig. 6 An electronic drawbar as a prototype implementation
Jor coupling two lorries
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Under the auspices of the co-operative European research
project “Promote Chauffeur”, researchers have been working on
development of driver assistance systems for utility vehicles
since 1996 ([23]). One of the results of this was Daimler-
Chrysler’s 1 June 1999 presentation of the “Electronic Drawbar®
in a research vehicle (Fig. 6). In a coupled lorry unit consisting
of two vehicles, the lead vehicle is steered conventionally. The
second vehicle follows the first and is steered actively and
automatically by a longitudinal and transverse steering system.
This process is implemented without any mechanical connection
whatsoever between the vehicles.

The heart of this “electronic drawbar® consists of two onboard
computers, one in each vehicle, which interconnect all data
pertaining to the vehicles and their surroundings. There is
a constant 2.4 Gigahertz radio link between the vehicles. Besides
the radio link, the vehicles are additionally connected by an
optical contact: two video cameras in the rear vehicle continually
scan a special code pattern, consisting of infrared lamps, on the
back of the lead vehicle. On the basis of the images delivered by
the cameras, an image processing system not only calculates the
distance between the vehicles, but also detects changes in the
direction of the lead vehicle. The second vehicle follows the first
and is automatically supplied with all data via the cab of the lead
vehicle. The second vehicle steers, brakes, and accelerates just
like the first one, in the process maintaining a variable, speed-
related distance ranging 6 - 15 metres. Technically, the lorry can
travel at speeds of up to 80 km/h. The mini-convoy can handle
curves with a radius of up to 50 m.

Thus, this system operates at distances less than the braking
distance of the following vehicle, but for now only in the trial
stage of operation.

4 Technical Potential for Synergy
4.1 Obstacle and Distance Sensors

If in future maintenance of assured clear distances between
vehicles in road and rail traffic is to be supported by vehicle-based
systems, then both systems must measure the basic physical
quantities speed, position, and distance. Likewise, in the future,
detection of obstacles (stationary and moveable) will become
increasing important in both systems, for example, for automatic
driving processes. A good place to begin with is a joint examination
of suitable sensors. The short list could include the sensors listed
below:

o GPS- and radio-based location for determining positions at long
distances (indirect)

e Radar sensors (Doppler radar) for medium distances

e Optical sensors for short distances

e Radar and optical methods of detecting obstacles and/or regis-
tering scenarios

Due to the differences between road and rail traffic at average
speeds of travel and the braking distances, however, the outline
conditions for such sensor systems may vary considerably.
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Nevertheless, similar vehicle-based systems can be used as
supplements and solutions for special cases, with which for
example, through early warning of a crash that is no longer
avoidable, the consequences of the accident can be reduced
through initiation of appropriate protective measures. These
measures include intervention in the brake control system and
triggering elements in the vehicle to increase passenger safety.

4.2 Vehicle Electronics

The vehicle-based electronic processing systems in use today
in both spheres of application are generally distributed
microelectronic computer systems. Due to the spatial separation
of the systems, serial communications buses will be used to couple
the components. Comparable safety levels must be met for both
the control components and the communications buses. Likewise,
the requirements for real-time data processing and observation of
deterministic time conditions (note the difference: in a maximum
time vs. precisely at this time) with both systems. Specifically,
potentials for synergy should be reviewed in the areas

Safe computer system architecture

Safe time-deterministic communications bus

High-performance processors

Operating systems and runtime environments for safe embed-

ded SW processes

o SW solution modules for comparable functionalities (for
example, braking curves, algorithms for longitudinal guidance,
speed-controlled maintenance of inter-vehicle spacing...)

e Design and development processes for developing safe embed-

ded systems.

For reasons of cost, electronics system vendors in both
spheres of application must endeavour to use the cost advantages
of a larger series (economy of scale). Thus in any case, the railway
industry will carefully consider whether the aforementioned
components and solution functions can be carried over from the
road vehicle sector with its comparatively large series. Until now,
however, this was too often prevented by specific design and
licensing regulations, the adaptation of which - even if technically
possible - always constitutes a mid- to long-term process.

4.3 Approaching Dangerous Spots

In rail traffic, the principle of operation at visual range, which
is predominant in road traffic, has been replaced for reasons of
physics by other approaches to maintaining inter-vehicle spacing.
Thus, there are limits to the ways in which the assistance systems
introduced for supporting the driver can be applied to railways.
Refinement of signalling technology infrastructure in road traffic
will progress only slowly, in small steps. This means that
procedures for approaching dangerous spots will continue to
differ significantly from one another in future. Since vehicle-based
electronic signalling and monitoring equipment will be available
for both types of transportation - even if for different reasons -
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synergy can be anticipated when setting up and using electronic
map systems. These map systems would not only describe the
routes, but also clearly indicate dangerous spots; the information
in these systems would be adapted dynamically to changing
circumstances. The methods for this dynamic adaptation of the
information - if necessary, even automatic learning from specific
traffic situations - can be implemented in the same or similar
ways.

4.4 Convoy Operations and Rendezvous Techniques

The “electronic drawbar“ concept described above is an
attempt to introduce the rail traffic concept of “marshalling”, with
appropriate modifications, to road traffic. In keeping with the pre-
requisites of road traffic, the only approach possible here is
a vehicle-based one that relies on the aforementioned equipment
for maintaining inter-vehicle spacing.

The technical solutions found in road traffic can be reapplied
to certain areas of rail traffic. They will be interesting when
engineers want to dispense with mechanical coupling mechanisms
in order to reduce weight and expense in ultralight vehicles, but
without giving up the advantages of marshalling. These advantages
are not only flexibility in operation, but also potentially higher
capacity utilisation of routes. In implementation, however, varying
throughput values will result due to the variou s outline conditions
such as masses, locational accuracy, prescribed inter-vehicle
spacing, and other factors. Nevertheless, procedural similarities in
forming convoys, dissolving convoys, getting into lane (analogous
model switching and lane changing), getting out of lane (analogous
model switching and lane changing), and convoy speed permit
joint consideration of many aspects of this complex of problems.
Thus, synergetic effects are anticipated in the area of various
methods for partial solutions to the problem.

4.5 Automatic and Driverless Operation

In the field of automatic and driverless operation, rail traffic
has consistently taken advantage to date of its systemic advantage
of pre-existing tracking. Thus, automatic and driverless operation
has been instituted in many places. The following table presents
selected sample system solutions.

Besides the systems listed above, there are also many other
systems in operation or preparation. All systems run on selected
and demarcated travel ways or with a special operating permit.
This is generally due to regulations that demand exclusion of
danger to human beings and animals that may cross the travel way
purposely or inadvertently. Automatic, driverless operation in the
standard-gauge railway system requires that the regulations be
amended without lowering the established high standard of s afety
in rail traffic. Work in this field is pressing ahead in various places
around the world.

When it comes to automatic, driverless operation, road traffic
has the disadvantage of the lack of transverse vehicle guidance.
Moreover, the road system entails an additional degree of
independence in comparison to the rail system. The resulting
complex traffic scenarios make system automatisation
considerably more difficult. Nevertheless, there are various
systemic approaches for “seeing and autonomous research-stage
vehicles” (compare, among others, [2]).

In this field, synergy will arise primarily in the area of sensor
problems (see above), convoy operations (see above), longitudinal
guidance, and vehicle protection. With regard to vehicle
protection, in this connection, it is primarily interdisciplinary
studies of predictive accident detection and initiation of measures
to protect people and passengers that will lead to success. It is
fairly likely that the strategies for driving processes will be
relatively different.

5 Summary, Outlook, and Recommendations for Action

Whether in rail traffic or road traffic, inter-vehicle spacing has
an equally direct effect on the occupation time of vehicles in the
system, the safety of the transport process, and vehicle throughput.
In this context, the parties participating in the transport process,
namely system users (users of the infrastructure) and system
operators (infrastructure providers) have very different and in part
contradictory criteria for optimisation.

The various theoretically possible and practically applied
principles for maintaining inter-vehicle spacing have been
described and assessed with regard to occupation time, safety, and
throughput. Today, various principles are used in both systems,

System Principle

Characteristics

Docklands Light Railway
(London - [21])

Wheel-rail system

Automatic, driverless operation, max. speed 80 km/h, vehicle length 28m,
capacity 284 persons/vehicle

Rubber-tired vehicle on elevated
travel way

People Mover System
(various airports world-wide)

Automatic, driverless operation, max. speed 50 km/h, max. vehicle
length 58m, max. capacity 400 persons per unit

Wheel-rail system. Subway system
converted for automatic operation

U4 System (Frankfurt, Germany
subway system - [13])

Automatic, driverless operation, point-to-point connection as part of an
existing subway system, pilot application, max. speed 80 km/h

Automatic signal-controlled
traction vehicle (SST - [5])

Wheel-rail system in pilot operation
with special operating permit

Fully automated operation on a 13km route, cargo transport
as required, individual vehicles
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which is attributable in part to the historical development of the
system but also to the possibility of supporting the system through
technical assistance systems. On the other hand, it is possible to
consider for both systems the possible maximum traffic throughput
of various principles for maintaining inter-vehicle spacing and this
was done in a comparative presentation. In any case, the only way
to increase the throughput of the system is to shorten the inter-
vehicle spacings. On the other hand, short inter-vehicle spacings
with uncoordinated mutual relative movements can lead to longer
occupation times. In any case, a new principle for maintaining
inter-vehicle spacing must always be introduced without degrading
established standards of safety. In this connection, bounds are set
by the valid regulations in both systems. A review of regulations in
light of modern HW and SW technologies could eventually open
up new paths.

The technical solutions being applied in practice today differ
widely. Rail traffic is still founded largely on route-based
technology. This technical feature is being removed in modern
developments. In this connection, rail traffic is moving closer to
road traffic, where today, by nature, the technical assistance
systems offered are largely vehicle based. Thus, the greatest
potential for synergy between the two systems is also in the field
of distributed and intelligent vehicle-based solutions for vehicle
guidance and protection [10].

In the field of sensor systems for detection of obstacles and
distances, besides development of sensors on the basis of various
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physical effects, the main opportunity which presents itself is that
of joint studies of signal analysis and processing (“sensotronics®).
Synergy potential can also be used through an interdisciplinary
approach to detection and classification of traffic scenarios. In the
future, vehicle electronics will be developed with the same objectives
and similar outline conditions. In this connection, rail traffic can
profit from the series effect of road traffic and thus reinforce its
market position through affordable solutions. Where approaching
dangerous spots is concerned, identical concepts in the field of
vehicle-based route information (digital map) will permit joint
solutions. In the field of convoy formation and automatic driverless
operation, joint studies make sense when it comes to longitudinal
guidance and vehicle protection. In the field of vehicle protection,
it primarily relates to predictive accident detection for the purpose
of protecting persons and passengers.

In any case, existing systems cannot be adopted without
modification, due to the varying outline conditions. They do,
however, constitute a technical basis upon which system solutions
can be created without excess outlay in each respective system.
Furthermore, when researching future solutions, it imperative to
first always follow an interdisciplinary approach, in order to take
full advantage of the potential for synergy that undoubtedly exists.
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NAPRIEK 110 ROKOM LILLOVHO ZAKONA
- 110 ROKOV ZAKLADNYCH CHYB V DOPRAVNE] VEDE

IN SPITE OF 110 YEARS OF LILL’S LAW

- 110 YEARS BASIC MISTAKES IN TRANSPORT SCIENCE

Lillov zdkon z roku 1889 implicitne obsahuje tzv. ,,¢asovii konstantu“ pre mobilitu, ktord sa v poslednych desatrociach objavuje v mnohych
empirickych stildidch na celom svete. Mozeme vidiet, Ze Lillov zdkon sa da odvodit zo zdkona ludského spravania sa, ktory objavili Weber
a Fechner v 19. storoci. Poznanie tohto zdakona nam umozi lepsie pochopit mechanizmus modernych dopravnych systémov a ludského sprava-

nia a ndjst rieSenia, ktoré spolu navzdjom suvisia.

Lills law, published 1889 includes implicitly the so-called “time constancy” for mobility which was found in many empirical studies during
the last decades, worldwide. It can be shown that Lills law can be derived from a more basic human behaviour law, discovered by Weber and
Fechner in the 19th century. The knowledge of this law helps us to a better understanding of the mechanisms of modern transport systems and to

find solutions which are more cause-related.

In 1889 Eduard Lill, a senior Inspector of the k.u.k. Austrian
“Nordwestbahn®, published the “Basic Law of Person Transport®
(1). This law was based on Lill’s observation that tickets for
shorter railway trips were sold more often than tickets for longer
railway trips. Analysing the statistics of his observations, he
derived the following fundamental law:

M=RXd (D

Here M is defined as the so-called “Travel Value®. R is the
number of trips going out from a village or a city and d is the
distance of these trips (Fig. 1). If the number of inhabitants does
not change and also the economic conditions remain the same,
the “Transport Value® M is constant. Lill proved this law by
analysing the Statistical Data of the Austrian “k.u.k.
Nordwestbahn“ and the “Siid-Nord-Deutsche Verbindungsbahn®.
Lill’s law is well known in Transport Economics and Transport
Planning since this time. It has been taught at many Universities
- but obviously it has not been understood in a proper way. The
fast development of the mechanical transport modes in the last
two centuries has not left enough time to study and, therefore,
understand the system effects properly. If Lill’s law and his ideas
would have been used as a basis for further studies, the transport
sector and transport planning might have developed in a quite
different way.

After the Second World War, the European transport science
became dominated by the American view. The Europeans were

* Univ. Prof. Dipl.-Ing. Dr. techn. Hermann Knoflacher,

very impressed by the American Transport System and followed
uncritically what the US Transport Science produced and
recommended. So the European view of the transport system was
narrowed down. It was reduced to motorized cars forgetting all the
other modes. The transport science became an ideology, a kind of
religion and was taught at the Universities in this way until today.
The Highway Capacity Manual became a kind of bible for traffic
engineers and transport planners. The reality was not seen
anymore and so the ground for unbelievable mistakes was
prepared.

Because only parts of the system were seen, the system effects
were not understood and not recognized. The outcome of this
process is obvious today: Degradation of quality of life and
increase of environmental problems. The discipline which
promises solutions, transport planners and traffic engineers, can
be identified as the ones which produce and maximize transport
problems. The greater the transport and environmental problems
become, the more attempts are made to solve them. But instead of
solving the problems, the mistakes are enlarged. Since social
science is already criticizing the technicians, they are acting like
a religious society, aggressive and trying to suppress their
counterparts. They believe in dogmata without being able to prove
them on a scientificly sound basis. The more their arguments
became unbearable, the more they react ruthless and aggressive
and try to support their untameable basic hypotheses by
supporting sub-hypotheses around an empty centre of their
discipline.

Institute for Traffic Planning and Traffic Engineering, Technical University of Vienna, Grosshaustrasse 30, Vienna
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Fig. 1 Number of travellers in the year 1887 on selected railway routes in the Austro-Hungarian monarchy
- Vertical axis: R = 425 000 (indication for the first column)
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Fig. 2 Mutual relationship between the choice of transport mode - cycle - and the meters cycle track per resident
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StraBenverkehrstechnik, Heft 4/1979. (Page 115).
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The main dogmata in transport science are based on personal
experience. They can be proved by personal experience, but they
can not be proved for the whole transport system. Most transport
engineers believe that their personal experience is the system
effect. An example to show that this is absurd: No human being is
able to run at a speed of 50 or 130 kilometres in an hour using
only his own body energy. But it is possible to drive at this speed
on the road. Now they believe that their senses, which are the
senses of pedestrians, are able to reproduce the system effects of
the nowadays fast transport system. It is interesting that at the
Fourth International Road Conference in 1923 the estimation for
the maximum future speed on motorways was 45 kilometres per
hour (Table 1). In the last 150 years transport engineers have
created a transport system operating at high speeds but without
understanding the real effects of their activities. The whole system
is founded on beliefs and assumptions without any scientific
sound basis.

The following main dogmata are the foundation of traditional
traffic engineering.

Growth of Mobility

The narrow view to consider only motorised car traffic,
produced the impression that mobility is growing because the
term “mobility“ was identical with car driving. The causes for
mobility were not understood, although traffic planners are using
the gravity law to calculate the number of trips. The cause for
mobility is always a potential, a need for something that can not
be found in the nearby environment. To compensate the deficits
of the surrounding structure, mobility is necessary. So mobility is
driven by the basic needs of the society. If the basic needs are not
changing, the number of trips is not changing. This is exactly what

Trips per person per day

d N

Motorisation in cars per 1000 inhabitants
Fig. 3 Micromobility - Macromobility

Source: Knoflacher, H.: Landschaft ohne Autobahnen;
Bdéhlau Verlag, Wien 1997.

>

public transport is now done using a car. In 1975, a basic study
carried out by Knoflacher/Kloss improved the understanding of
this effect (Fig. 2). When cycle tracks are provided or built, cycle
trips are “produced”. So the kind of mobility can be changed by
changing the environment (Fig. 3). The “growth of car mobility*
is nothing more than the transformation of public space, which
was used by everyone before, to a privileged space for car drivers
for parking and driving. So the term “growth” is absolutely wrong.
Car mobility is not based on a natural law and, therefore, the
growth is not natural. Car mobility is produced. The precise
expression is, therefore: “Production of car mobility“. This leads
to the question: Who is responsible for this production and,

Definition of maximum speed at the 4th International Road Conference in 1923 Table 1
Maximum speed [km/h]
Ordinary roads Special roads

Total load [kg] Iron tyres Solid rubber tyres Pneumatic tyres Solid rubber tyres Pneumatic tyres
3001-4500 12 25 35 30 45
4500-8000 8 20 30 25 40
8000-11000 5 15 20 20 30

more than 11000 5 5 10 15 20

numerous studies, carried out worldwide, show us today. The
number of trips per person and per day is not changing with
increasing motorization. What is changing is the kind of mobility.
The number of trips and, therefore, mobility is a constant figure
(as it can already be seen in Lill’s law). If car mobility is
increasing, all other kinds of mobility are decreasing. The
“mobility” itself remains constant. There is no growth of mobility
in one mode without a decline of the same amount in other
modes. What was done before using the modes pedestrian, bike or

therefore, the increase in accidents, air pollution, noise etc? This
important question has not been asked until today
Conclusion

If Lill's law would have been understood the mistake to
believe in the “growth of mobility” would have been avoided.
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“Time savings“

If somebody is driving from A to B and uses a faster mode, he
recognizes that he needs less time. Transport planners and traffic
economists, in principle the whole transport sciences, use this
effect for the calculation of benefits from “time savings“. All Cost
Benefits Analysis are based on this assumption. Investments in
fast transport systems must, therefore, produce a lot of benefits
for the society. No deficit in the transport system can occur,
because the calculations are based on the benefits inside the
transport system alone.

The faster the transport system in a society is operating, the
more time is saved and more time is available for other things - the
society must become very pleasant and relaxing. But this is totally in
contradiction to what everybody can observe. In the meantime, it is
well known and deeply studied on sound scientific work that
increasing the speed of the transport system does not change
anything in the overall mobility-time of the whole system. The
mistake of traditional transport science is the assumption, that
personal experience can reflect system effects. No more than an
atom can understand the effects of a molecule, which it is forming
together with others into a system, no more personal experience of
transport system users can understand the system effects. Today, it
can be taken as proved that there are no time savings possible by
increasing transport speeds (Bendtsen/Schmidl/Meier/Knoflacher).
There is no empirical evidence anywhere that the increase of speed
has reduced overall travel times. But there are quite a few other
effects. Since travel time is not changing, the distance is changing.
This can be found everywhere in the world. Fig. 4 shows one
empirical example. The structure is changing while the speed of
the transport system is changing. Human tradition is based on the
pedestrian and his settlements. If the speed is enhanced in an
artificial system, which is not following the laws of our universe
due to economic deformation of the physical reality, structural

passenger car

regional bus

average travel length
&
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cyclist
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house - house

Fig. 4 Relationship: average travel speed - average travel length
(empirical results, survey Salzburg 1982)
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changes are unavoidable. There are two sides of the coin. First,
cities spread mainly for housing, because everybody wants to live
in the green. On the other side a concentration of activities like
trade, work etc. is appearing - but in the new system these activities
are no longer connected to the city or the village. The destruction
of villages and cities is unavoidable.

The constancy of travel time is included in Lill’s law. This fact
was not seen by the scientific society for more than hundred years.
In the belief of doing the best, transport engineers and planners
have destroyed traditional high quality settlement structures and
degraded them to “machine sheds without roof*. The most of the
public space is blocked and controlled by machines - namely cars.
This is extinguishing all other city activities and, therefore,
extinguishing city life.

Understanding Lill’s law a little bit better

Transport engineers are trained to believe on physical terms,
like distances, time or any indicator as such. They are not educated
to understand the human behaviour. So, it is interesting to analyze
Lill’s law a little bit deeper: Nobody is travelling a certain distance
without any reason. The distance in Lill’s law can not be seen as the
reason for a trip. It must be something else. If we try to calculate
the total number of trips for a certain settlement, a village, a certain
person etc., we have to integrate the function, shown in equation 1
(h is the number of trips while / is the trip length):

h*l=c (c = constant) 2)

C
h—7 3)

The total number of trips we derive is as:

H=[h*a (4)
H:c*j§ )

and finally:
H=c*Inl (6)

So the total number of trips is nothing else than the logarithm
of the “trip length®.

In 1843, Weber analyzed human sensation and found the so
called Weber’s law of human sensation in relation to the intensity
of irritation. This law was finally improved in 1880 by G.T.
Fechner and has the form:

E=h*Inl E .. Human Sensation and
I ... Intensity of Irritation. 7

Weber/Fechner’s law has the same mathematical expression
as Lill’s law. What Lill has discovered was nothing more than the
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relationship between human sensation and the stimulation caused
by the environment for the transport system. This describes also
the background and cause of Lill’s law: It is not the length, it is the
stimulation over the length, which makes people moving. The
stimulation is always complementary to the stimulation on the
spot. Stimulation on the spot or at the origin is called “demand®.
Stimulation at destination is called desire, “wish“ or “demand in
a positive sense”. Stimulation at the origin is demand in a negative
sense. If this would have been understood a hundred years earlier
(Knoflacher 1995), we would have a totally different transport
system and a totally different kind of engineering.

Traditional education in transport science

Transport engineers believe that problems in car traffic are
serious, congestion is seen as negative and a serious problem and
the economists calculate time losses from congestion as financial
deficits. The reason for this misunderstanding can be found in the
factors explained in this paper and in the traditional approach to
the transport system, narrowed by the American Highway
Capacity Manual and its translation into other languages.
Transport planners are educated to use only level of service A -
E and to absolutely prevent level F. On the other side, they make
their demand oriented transport planning by establishing
a certain planning level of service (between A - E). The Capacity
C is put into relation to the actual and future traffic flow V'
and V + AV.

r I (8)
— = los;
C 1

If traffic flow is increasing, they try to extend the space for car
traffic to keep the same level of service. This basic assumption can
be expressed as in Formula 9.

V_vear_ o)
c c+ac ™

The capacity of the existing system is enhanced by AC.
If we introduce the changes of traffic volume we get Formula 10.

The traffic volume V is increased as the effect of traffic
engineering activities always putting more capacity into the
existing system and, therefore, creating exponential growth.

Traditional traffic planning is, therefore, the cause of
exponential growth of car traffic. But there is also another way to
explain the totally wrong education of transport engineers in
traditional transport science. The intensity of stimulation for the
traditional educated transport engineer is car traffic “growth”. The
information comes from traffic counts, which means counting car
traffic, and the reaction is to provide more infrastructure for car
traffic. So the behaviour of the transport engineer is influenced by
his own sensation in a clearly specified way. If the stimulation from
car traffic is increasing, he has learned to react with adding some
capacity to the existing system. If we describe this behaviour of
transport engineers or the traditional transport science (traditional
worldview) we get Formula 15.

E = Il
T T

Sensation of Car Traffic
Administration Engineers

Politicians, Public

(15)

If we introduce the terms the way administration, engineers
etc. react, we get Formula 16.
AC
t—=InV (16)
C
It is easy to recognize that Formula 16 is nothing more than
a version of Formula 14. So, traditional transport teaching,

transport science and transport engineering is the cause for the
exponential growth of traffic problems and not the solution.

Solution:

A solution can only be successful if we prevent basic mistakes:

1. No “growth of mobility“.
Only the kind of mobility can be changed from sustainable to
unsustainable or in the opposite direction.

2. Changes in Parking Organisation:
Since human behaviour was not understood, traditional
transport engineers were taught to solve the problem where

Wt + A = W) + v At (10) there is no solution possible - at the flowing part of the
dt .

transport system. Problems in transport flows are not the

If you put Formula 10 into 9 we get 11 and finally 14. causes. They are only the effects of underlying causes. As it

was discovered by Knoflacher in 1981, the organisation of

V. Ar AC parking is the cause of most of our transport problems. As

[+ =1+— (11) long as cars can be parked close to the human activities,

v.di ¢ there is no solution possible (Fig. 5). The first step of a real

av AC solution of the transport problems is, therefore, to introduce

—=—dt |J (12) a parking regime which makes transport regulations

Ar.C meaningful and effective. So, at least the distance to the

parked car for each of the activities must be as long or longer

InV= “ttk (13) as the distance to the next public transport stop (Fig. 6). The

Ar.C structure has to be changed in parking. If we change this

Ac o structure, the city structure will become stable and many

V=tke ¢ & (14) transport problems will disappear. Parking is the key to the
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solution of the transport problems. Attempts to solve
problems in transport flow, including telematics are a kind of
symptom treatment. A completely wrong organized transport
system can not be improved by introducing a sophisticated
information system on a totally wrong point of the system
structure. Lot of research is going in the absolute wrong
direction due to the lack of understanding of the system by
all professions dealing with the transport system. We are
losing time, we are losing money and we are losing
understanding.
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There is no “growth of mobility“ if we count mobility in the
number of trips, there is only a shift of mobility between dif-
ferent modes. There is also no “time saving” in the system, by
increasing speed.

The solution is the change of parking regulations, a solution at
the source.

Reviewed by: V. Medelskd, P. Surovec
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MATEMATICKE MODELOVANIE TVORBY OXIDOV DUSIKA

V ZAZIHOVOM MOTORE NA CNG

A MATHEMATICAL MODELLING OF NITROGEN OXIDE FORMATION

IN A CNG SPARK IGNITION ENGINE

Medzi plynnymi skodlivinami emitovanymi vyfukovymi plynmi
spalovacich motorov majii oxidy dusika zvldstne postavenie, ktoré
sa navonok prejavuje ako suvislost medzi energetickymi a ekologic-
kymi vlastnostami motora. Prispevok hovori o 3D modelovani tvorby
oxidov dusika v zdzihovom motore na CNG s vyuZitim programu
FLUENT.

Uvod

Spalovacie motory svojou prevadzkou zatazuju Zivotné pros-
tredie. Niektoré emisie s legislativou limitované, iné nie.
PoZiadavka zniZovania emisii CO, pri su¢asnom zniZovani
produkcie ostatnych toxickych emisii vedie v konecnom dosledku
k eliminacii spalovania paliv na baze uhlika. Tato skutoc¢nost
v sucasnosti smeruje k pouZzivaniu paliv alternativnych, napr.
rekonS$trukciou spalovacich motorov na stlaeny zemny plyn
(Compressed Natural Gas) - zniZenie produkcie CO, az o 25 %.
Kritériom ekologického spalovania prestava byt len kvantita
emisii, ale stava sa aj kvalita spalovania. Vo vSeobecnosti je
v povedomi menSie zataZenie Zivotného prostredia prevadzkou
spalovacich motorov na plynné paliva. Pri spalovani CNG sa javi
ako problematicka produkcia uhlovodikov, ktoré spolu s oxidmi
dusika - NO, (pojem oxidy dusika zahfiia skupinu emisii obsa-
hujucich predovsetkym oxid dusnaty NO a oxid dusi¢ity NO,) sa
okrem iného podielaju na tvorbe smogu. DoterajSie skusenosti
s pouzivanim plynnych paliv mozno zhrnut do nasledovnych
bodov:

zniZenie produkcie oxidu uhlicitého,

podstatné zniZenie emisie pevnych Castic a dymivosti motora,
zniZenie hluku vyzarovaného motorom,

Ciastocne zvySovanie produkcie nespalenych uhlovodikov
v suchych spalinach so zvySovanim sucinitela prebytku
vzduchu.

*

Prof. Ing. Vladimir Hlavia, PhD., Ing. Daniela Zvarkova, PhD.

Nitrogen oxides occupy a specific position among gaseous harmful
emissions produced by combustion engines. This position may
externally appear as a coherence between energetic and ecological
properties of the engine. The paper deals with a 3-D modelling of
nitrogen oxides formation in a CNG ignition engine when the
FLUENT programme is applied.

Introduction

Operation of combustion engines impairs the environment.
Some emissions are limited by law, others are not. The
requirement of lower CO, emission limits while simultaneously
lowering production of other toxic emissions has finally led to the
elimination of combustibles based on carbon. This fact has at
present aimed at the use of alternative fuels, e.g. by
a reconstruction of combustion engines to engines using
compressed natural gas (CNG). Such a reconstruction can bring
about a decrease in CO, production by as much as 25%. The
criterion of ecologic combustion is no longer the emission
quantity but at present also the quality of emission. Generally, it
is believed that operation of gas combustion engines impairs the
environment less. When CNG is used as a combustible, some
problems arise due to the production of hydrocarbons which
together with nitrogen oxides - NO, (the term nitrogen oxides
includes a group of emissions containing mainly nitrogen oxide
NO and nitrogen dioxide NO,) forms among other things, smog.
The experience with gaseous fuels used up to this time can be
summarised to the following points:

e decrease in production of carbon dioxide,

e substantial reduction of solid particle emission and engine
smoking,

e reduction of engine-emitted noise,

e and a partial rise in production of unburnt hydrocarbons in
dry combustion gases together with an increase in the excess coef-
ficient.
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Oxidy dusika ako sucast plynnych emisii a vplyv
vybranych parametrov na ich tvorbu

Medzi plynnymi Skodlivinami emitovanymi vyfukovymi
plynmi spalovacich motorov maju oxidy dusika zvlaStne postave-
nie, ktoré sa navonok prejavuje ako suvislost medzi energetickymi
a ekologickymi vlastnostami motora. Spalovaci motor s vysokym
mernym vykonom a vysokou ucinnostou obycajne vykazuje nizky
obsah produktov nedokonalej oxidacie v spalinach, zatial' co pro-
dukcia oxidov dusika zlepSovanim energetickych parametrov
motora rastie. Vnutornou pricinou tejto skuto¢nosti je fakt, ze
vplyvy zlepSujuce akost premeny chemickej energie paliva na
mechanicku pracu motora, t. j. dostatok pripadne prebytok okys-
licovadla (pre dobrii chemicki ucinnost) a vysoka maximalna
teplota pracovného obehu (pre dobru termicku ucinnost) sicasne
podporuju oxidaciu dusika.

Znizenie kompresného pomeru znizuje maximalne teploty
spalovania vo valci motora, a preto ma pozitivny vplyv na reduk-
ciu oxidov dusika. Toto znizenie kompresného pomeru, podobne
ako zniZenie uhla predstihu zazihu, ma za nasledok ale pokles
termickej ucinnosti, zniZenie vykonu, vzrast mernej spotreby
paliva a mernych emisii ostatnych §kodlivin. Tieto nedostatky je
mozné Ciastocne kompenzovat u motorov na CNG prepliovanim,
vzhladom na dobré antidetonacné vlastnosti metanu, ktory je
obsiahnuty v palive. U prepliiovanych motorov je obmedzenie
dané parametrami pouzitého turboduchadla, pripadne teplotou
vyfukovych plynov. Ak je potrebné zniZit koncentraciu oxidov
dusika pod uréitd hranicu, najjednoduchSou a najucinnejSou
upravou je zniZenie uhla predstihu zazihu, i ked' za cenu ¢iastoc-
ného poklesu vykonu a vzrastu mernej spotreby paliva. Efekt zni-
Zenia koncentracie oxidov dusika a mernej spotreby paliva
zvySovanim kompresného pomeru pri suasnom znizeni uhla
predstihu zaZihu (konStantna hladina maximalneho tlaku) je
vyraznejsi pri niz§ich kompresnych pomeroch. Pokles mernej spo-
treby paliva zvySenim kompresného pomeru a zniZenim uhla pred-
stihu zazihu je vyraznejsi u bohatSich zmesi (max. o 5 %), zatial
¢o pokles oxidov dusika je vyraznejSi u chudobnejSich zmesi
(cca 3,6-krat). Motory so zvySenym kompresnym pomerom a zni-
Zenym uhlom predstihu zazihu si vyzaduju kvalitni a vykonnu
elektricku zapalovaciu sustavu, aby sa zarucilo spolahlivé zapale-
nie zmesi a tym aj rovnomerny chod motora.

Ochudobniovanim zmesi za inak rovnakych podmienok sa
dosiahne nizSia koncentracia oxidov dusika a vySSia merna spo-
treba. Tento jav je sposobeny poklesom maximalnych teplot
naplne valca v dosledku nizsej energetickej hustoty obsahu naplne
valca. ZvySenie mernej spotreby paliva nie je podstatné, ale pokles
produkcie oxidov dusika ochudobiiovanim zmesi je vyrazny.
Problémom pouzitia chudobnej zmesi je pokles vykonu a nerov-
nomernost chodu motora. Pokles vykonu je mozné kompenzovat
prepliovanim.

Vplyv teploty stien valca je mozné posudif na zaklade vplyvu
velkosti tepelného odporu vlozeného valca.. Pri nizkych hodno-
tach tepelného odporu vlozky dochadza k vacsiemu odvodu tepla
z pracovného priestoru do chladiaceho média. Tento odvod tepla

Nitrogen oxides as part of gaseous emissions and the
influence of chosen parameters on their formation

Nitrogen oxides occupy a specific position among gaseous
harmful emissions produced by combustion engines. This
position may externally appear as a coherence between energetic
and ecological properties of the engine. The combustion engine
featuring a high specific output and high efficiency usually shows
a poor content of products of insufficient oxidation in combustion
gases, while the production of nitrogen oxides increases due to the
improvement of energetic parameters of the engine. The internal
cause leading to the mentioned reality is the fact that the
influences that improve the quality of change of fuel chemical
energy to mechanical work of the engine, i. e. sufficiency or excess
of oxidizer (for a good chemical efficiency) and high maximum
temperature of the working cycle (for a good thermal efficiency)
simultaneously support oxidation of nitrogen.

A decrease in the compression ratio lowers maximum
temperatures of combustion in the engine cylinder and has,
therefore, a positive influence on the reduction of nitrogen oxides.
This lowering of the compression ratio similarly as a decrease in
an advanced ignition angle lead, however, to a fall of thermal
efficiency, lower output, increase of the specific fuel consumption
and specific emissions of other harmful substances. These
shortcomings may be partly compensated in CNG engines by
supercharging owing to good antidetonant properties of methane
contained in fuel. In supercharged engines the limitation is given
by parameters of the used turbocharger or by temperature of
exhaust gases. If the concentration of nitrogen oxides is to be
lowered under a certain limit, the easiest and most efficient
arrangement is to lower the advanced ignition angle, even though
the output partially decreases and specific fuel consumption
increases. The effect of decrease of a nitrogen oxide concentration
and specific fuel consumption by increasing the compression ratio
at a simultaneous lowering of the advanced ignition angle is more
marked with richer mixtures (max. by 5%), while the decrease in
nitrogen oxides is more remarkable with leaner mixtures (approx.
3.6-times). Engines with a higher compression ratio and lower
advanced ignition angle need an efficient electric ignition system
of high quality in order to provide reliable ignition of mixture and,
consequently, a regular engine running.

Making the mixture leaner, under otherwise similar
conditions, leads to a lower concentration of nitrogen oxides and
to a higher specific fuel consumption. This phenomenon is caused
by a fall of maximum temperatures of the cylinder charge due to
a lower energetic density of the cylinder charge content. An
increase in the specific fuel consumption is not substantial but
a decrease in production of nitrogen oxides due to making the
mixture leaner is marked. A disadvantage of the use of lean mixture
is a decrease in the output and irregularities in the engine run. The
decrease in the output can be compensated by supercharging.

The influence of the cylinder wall temperature can be judged
on the basis of the influence of a thermal resistance magnitude of
the cylinder liner. Low values of the liner thermal resistance bring
about higher heat abstraction from the working area to the cooling
medium. This heat abstraction causes a decrease in temperatures
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ma za nasledok pokles teplot pracovného obehu motora samo-
zrejme s dosledkom na tvorbu oxidov dusika.

V zazihovych motoroch na CNG sa predpoklada kinetické
spalovanie homogénnej chudobnej zmesi. Pri kinetickom spalo-
vani je zona pred plamennym frontom vyplnena rovnorodou
zmesou paliva so vzduchom. V okamihu prechodu plamena
dochadza ku takmer skokovej zmene koncentracii. Zakladna pred-
stava pre porovnanie kinetického a difuzneho spalovania z hla-
diska produkcie NO, je skutocnost, Ze pri kinetickom spalovani
chudobnej zmesi je aj vzduch, ktory sa nezucastiuje chemickej
reakcie pritomny priamo v oblasti plamena a svojou tepelnou
kapacitou prispieva k zniZeniu teploty horiacej vrstvy. Pri kinetic-
kom spalovani stechiometrickej zmesi je priamo v plameni pri-
tomné len prave potrebné mnozstvo vzduchu k uskutocneniu
chemickej reakcie. Spalovanie prebieha v tomto pripade pri
vysokej teplote, ¢o je nevyhodné vzhladom na tvorbu oxidov
dusika. Ochudobnovanim zmesi sa teda zniZuje troven teplot pra-
covnej latky vplyvom poklesu vyhrevnosti zmesi ako aj vplyvom
posunu vyrazného podielu fazy privodu tepla do pokrocilého
stadia expanzného pohybu piesta pri pomalom horeni chudobne;j
zmesi [2].

Tvorba oxidov dusika

Z pohladu skodlivosti oxidov dusika je rozhodujucou zlozkou
NO,. Hlavnou emitovanou zlozkou spalovacim motorom je vSak
NO. Legislativa limitov emisii vychadza z predpokladu, Ze celé
emitované mnozstvo oxidov dusika v atmosfére oxiduje na NO,.
V niektorych pripadoch sa z praktickych dévodov pouZiva prepo-
Cet emisii oxidov dusika vo vyfukovych plynoch na mnoZstvo
oxidu dusnatého.

Oxid dusnaty vznika z vdcsej Casti pomalou retazovou reak-
ciou - Zeldovicov mechanizmus [3]:

0,+N&NO+0
N,+ 0 NO+ N

Nosnym procesom z hladiska pritomnosti oxidov dusika vo
vyfukovych plynoch je vyskyt pomerne vysokej rovnovaznej kon-
centracie NO vo faze s vysokou teplotou nasledovany dramatic-
kym zniZenim reak¢nej rychlosti dekompozicie NO po poklese
teploty naplne valca v priebehu expanzného zdvihu piesta.
Spomalenie reakcie rozpadu oxidu dusnatého je tak nahle, ze sa
pre jeho popis pouziva termin zmrazenie koncentracie NO [4].
Pri zniZeni spalovacich teplot klesa hodnota maxima rovnovaznej
koncentracie NO, znizuje sa rychlost tvorby NO, ¢im sa zniZuje aj
celkova koncentracia NO v spalinach. Velkost maximalnych spa-
lovacich tlakov nevplyva priamo na chemické reakcie, ale ovplyv-
nuje teploty reakcii. Najvyssie teploty sa dosahuju pri mierne
bohatych zmesiach. Ako je zrejmé z vySSie uvedenych reakcii,
nedostatok kyslika brzdi produkciu NO,. Maximum produkcie je
posunuté do oblasti mierne chudobnych zmesi so sucinitelom
prebytku vzduchu okolo 1,15. Poloha maxima rovnovaznej kon-
centracie emisii NO sa teoreticky zhoduje s polohou maxima
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of the engine working cycle and, of course, has an impact on the
formation of nitrogen oxides.

In CNG spark ignition engines Kkinetic combustion of
homogenous lean mixture is suggested. At kinetic combustion the
area in front of the flame front is filled in with a homogenous air-
fuel mixture. In the moment of flame transition almost a jump
change in the concentration occurs. A basic idea for comparison
of kinetic and diffusion combustion from the point of view of NO,
production is the fact that at kinetic combustion of lean mixture
there also is air that does not take part in a chemical reaction
present directly in the area of flame and contributes with its
thermal capacity to a decrease in temperature of a burning layer.
In the case of kinetic combustion of stoichiometric mixture there
is exactly such an amount of air present directly in the flame that
is needed to carry out a chemical reaction. The combustion in this
case takes place at a high temperature which is disadvantageous
from the point of view of formation of nitrogen oxides. Thus,
making the mixture leaner decreases a temperature level of the
working medium due to a decrease in a calorific value of the
mixture as well as due to a marked part of a phase of heat
induction in an advanced stage of an expansion piston movement
at a low combustion of lean mixture [2].

Formation of nitrogen oxides

From the point of view of nitrogen oxides harmful effect,
a decisive component is NO,, although the main component
emitted by the combustion engine is NO. Legislation of emission
limits is based on a suggestion that the whole emitted amount of
nitrogen oxides in the atmosphere oxides to NO,. In some cases,
from practical reasons a conversion of emissions of nitrogen oxides
in exhaust gases to the amount of nitrogen oxide NO is used.

Nitrogen oxide is formed, from a greater part, during a slow
chain reaction - Zeldovic mechanism [3]:

0, + N NO+0
N, + 0 NO+ N

From the point of view of presence of nitrogen oxides in
exhaust gases, the main process is an occurrence of a relatively high
equilibrium NO concentration in a phase with a high temperature
followed by a dramatic fall of a reaction velocity of NO decompo-
sition after a decrease in temperature of the cylinder charge during
the expansion piston movement. Deceleration of a reaction of nit-
rogen oxide NO decomposition is so sudden that to describe it the
term NO concentration freezing [4] is used. At a decrease in com-
bustion temperatures the value of maximum of NO equilibrium
concentration decreases, the velocity of NO formation decreases
and, consequently, the overall NO concentration in combustion
gases also decreases. A magnitude of maximum combustion pres-
sures does not directly influence chemical reactions, but it influen-
ces temperatures of the reactions. The highest temperatures are
reached with slightly rich mixtures. As it can be seen from the
above mentioned reactions, lack of oxygen slows down NO, pro-
duction. The production maximum is shifted to an area of slightly
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teploty v spalovacom priestore. V skuto€nosti je v§ak maximum
tvorby posunuté dalej. Cim vyssie st teploty, tym viac sa blizi sku-
tocna koncentracia NO ku koncentracii stanovenej podla rovno-
vaznych stavov [3].

Z vytvoreného oxidu dusnatého sa sekundarne tvori oxid dusi-
¢ity. Podla [3] moZno pribliZny mechanizmus vzniku NO, popisat
nasledujucim postupom:

e oxid dusnaty nachadzajuici sa v zone plamena moze byt rychlo
premeneny na NO, reakciou:

NO + HO, — NO, + OH
e dalej nastupuje premena NO, na NO
NO, + 0 - NO + 0,

Reakcia prebieha dovtedy, kym NO, vytvoreny v zdne
plamena sa neochladi zmieSanim sa s relativne studenymi plynmi.

Matematicky model

Pre vypocet spalovania bol vyuzity program FLUENT. Je nim
mozné riesit problémy z oblasti prudenia bud plosne alebo pries-
torove. Po zostaveni geometrického modelu je potrebné zvolit
model fyzikalny. Po zadani vSetkych okrajovych a zaciato¢nych
podmienok i spravnej volbe podrelaxa¢nych a disipaénych fakto-
rov mozno uskutocnit vypocet. Model popisujuci chemicku kine-
tiku v podmienkach kinetického alebo diftizneho plamena je
vytvoreny pomocou programu pre vypocet chemickej kinetiky
a termodynamiky. Plamen mozZno modelovat bud ako kineticky
s vol'bou kinetickych rovnic, alebo ako difuzny s vypoctom rovno-
vaznych koncentracii zloziek v laminarnom alebo turbulentnom
reZzime. Je vyhodné pouzitie malych reakénych schém na presny
popis rozhodujicich vlastnosti plamena. Tieto schémy maju
vyznam najma z praktického hladiska pre problémy v oblasti spa-
lovania, pretoZe obsahuju vSetky aplikacie zahriujuce akékolvek
palivo. Jedna z najdolezitejSich aplikacii je aplikacia turbulent-
ného spalovania, kde fluktujuci charakter pridenia a s tym
spojené chemické deje popisujlice turbulenciu sposobuju niektoré
tazkosti pri modelovani.

Schémy globalnych reakcii pre spalovanie alkanovych uhlovo-
dikov (az po butan) v zmesiach so vzduchom v kinetickych
a difiznych plamenoch obsahuju dve vedlajSie reakcie rozkladu
paliva. Reakény mechanizmus je popisany nasledovnymi rovni-
cami [5]:

n
CH,, > +502—>nC0+ (n+ DHH,,
c,H,, . ,nH,0—-nCO+ (2n + 1)H,,

1
H + 0,0 Hy0,

lean mixtures with an excess coefficient around 1.15. The position
of maximum of NO emissions equilibrium concentration is theoret-
ically identical with the position of the temperature maximum in
the combustion chamber. Though in reality, the formation
maximum is shifted further. The higher the temperatures, the more
a real NO concentration approaches the one determined in com-
pliance with equilibrium states [3].

From the formed nitrogen oxide secondary nitrogen dioxide is
formed. According to [3] the approximate mechanism of NO,
formation can be described with the following procedure:

e nitrogen oxide present in the flame area can be quickly changed
to NO, by the reaction:

NO + HO, — NO, + OH
e then a change of NO, to NO takes place
NO, + 0 — NO + 0,

The reaction takes place until NO, formed in the flame area
is cooled down mixing with relative cold gases.

Mathematical model

The program FLUENT was applied for calculation of combus-
tion. It enables the solving of problems from a field of flow either
in an areal or spatial way. After a geometric model is constructed,
a physical model is to be chosen. After all boundary and initial con-
ditions are set and subrelaxation and dissipation factors are cor-
rectly selected, the calculation can be carried out. The model
describing chemical kinetics under conditions of a kinetic or diffu-
sion flame is created with the help of a program for calculation of
chemical kinetics and thermodynamics. The flame can be modelled
either as kinetic with a choice of kinetic equations or as diffusive
with a calculation of equilibrium concentration of components in
a laminar or turbulent regime. It is good to use small reaction
schemes for a precise description of the flame decisive properties.
These schemes are especially significant for problems from a prac-
tical point of view in the field of combustion as they contain all
applications covering any fuel. One of the most important applica-
tions is the one of turbulent combustion where a fluctuating cha-
racter of flow and related chemical processes describing turbulence
cause some difficulties during modelling.

The schemes of global reactions for combustion of alkane
hydrocarbons (up to butane) in mixtures with air in kinetic and
diffusion flame contain two subsidiary reactions of fuel
decomposition. The reaction mechanism is described with the
following equations [5]:

n
CH,, . >+ 502—>nC0 + (n+ DH,,
c,H,, . ,nH,0—nCO+ (2n + 1)H,,

1
Hy + 0,0 H0,
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CO + H,0 <> CO, + H, .

Priestorovy model spalovacieho priestoru (zlozeny zo 16 tisic
elementov tvaru Sesfstena) je vytvoreny na zaklade suradnic
bodov popisujucich tvar spalovacieho priestoru. Tak bola vytvo-
rena povrchova a fyzikalna sief. Zazih palivovej zmesi v uzatvore-
nom spalovacom priestore bol simulovany zadanim plosky so
zapalnou teplotou. Okrem toho na zaciatku bola zadana vel'kost
tangencialnej rychlosti pre turbulentné prudenie.

Vypocet bol realizovany v dvoch ¢astiach. V prvej Casti bolo
zvolenych péat reakénych zloziek: CH,, O,, N,, CO,,
H,O0 arovnica popisujiica oxidaciu metanu. Styri zlozky sa priamo
zuCastiiuju chemickej reakcie (CH,, O,, CO, a H,0) a piata
zlozka, dusik, bola volena z dovodu jej najvacsieho podielu
v atmosférickom vzduchu. Priebeh koncentracie tejto zlozky je
vyhradne numerickou zalezitostou (dopocet do Cisla 1, ktoré pred-
stavuje sucet molovych zlomkov zadavanych zloziek, t. j. metanu,
dusika a kyslika). V druhej Casti bolo zvolenych devit reakénych
zlozZiek: CH,, O,, N,, CO,, H,0, NO, N, O, Ar a okrem rovnice
popisujucej oxidaciu metanu aj chemické rovnice popisujuce
tvorbu NO, rozklad kyslika a rozklad dusika. Tak napr. reakcie
v prvej Casti vypoctu prebehnu takto:

CH, + 20, < CO, + 2H,0;
0,>0+0;N,>N+N;0,+N—->NO+ 0
N,+0—=NO+ N

Pohyb reak¢énej zmesi je popisany rovnicami [6]:

® kontinuity

@+ 1 dpvr

Ipu
ot r or 0z

o Navier - Stokesovymi

2
M+lapvr+8puv:_@ lap,,r_l_&i_aa'éé

o0 r or oz or r or 0z or’

dpu 1 dpuvr opu’ _dp , 1 dg.r do,
ot roor 0z dz r or 0z
e energetickej bilancie toku
dpE 1 dpEvr  dpEu _7lapvr78p7u+
ot roor oz roor oz
1 d(o,vr + o,ur)  do,.v+o.u) 1 0dmq,
+— + -— -
r or 0z roor
dq
_ Z 4+
oz a“
V uvedenych rovniciach je:
p hustota,
u, v zlozky vektoru rychlosti v smere r a z,
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CO + H,0 <> CO, + H, .

The spatial model of the combustion chamber (composed of
16 thousand elements of a six-wall shape) is created on the basis
of co-ordinates of points describing a shape of the combustion
chamber. Thus, the surface and physical network was created. The
ignition of air-fuel mixture in a closed combustion chamber was
simulated by setting a small surface with an ignition temperature.
Apart from this, the magnitude of tangential velocity for turbulent
flow was given in the beginning.

The calculation was done in two stages. In the first stage five
reaction components: CH,, O,, N,, CO,, H,0 and the equation
describing oxidation of methane were selected. Four components
take part in the chemical reaction directly (CH,, O,, CO,, H,0)
and the fifth component, nitrogen, was selected because of its
largest portion in the atmospheric air. The course of concentration
of this component is an exclusively numerical matter (additional
calculation up to number 1 representing the sum of molecular frac-
tions of the given components, i. e. methane, nitrogen and oxygen).
In the second stage, nine reaction components: CH,, O,, N,, CO,,
H,0, NO, N, O, Ar were selected apart from the equation describ-
ing oxidation of methane also chemical equations describing NO
formation, oxygen and nitrogen decomposition. So, e.g. the reac-
tions in the first stage of calculation have the following course:

CH, + 20, <> CO, + 2H,0:;
0,50+ 0:N,>N+ N0, +N—NO + 0
N, +0—NO+ N.

The motion of reaction mixture is described with the equations [6]:
o of continuity

9 1 dpyr  dpu
ot r or 0z

o Navier-Stoke

=0,

dpy 1 opv’r . dpuv _dp 1 dp,r do. day,
ot - roor - oz o - roor - oz o’
dpu 1 dpuvr opi? _ dp 1 da.r do,

ot r o or 0z 2 r or 0z

e of energetic balance of flow

OpE | 1 opfvr | OpEu _ 1 0dpwr dpu |
ot r o or 0z r or 0z
1 d(o,vr + o ur)  do,v+o,u) 1 dg,
+— + - -
r or 0z roor
9q
- —=+qc
0z 1
The symbols in the above equations are as follows:
p density,
u, v components of velocity vector in the directions
rand z,
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)/ tlak,

Prrs Przs Popg P2z Z10ZKyY tenzoru viskozneho napitia,
celkova energia pre ktoru plati £ = [2(u +v) +
117", 1je merna vnutorna energia,

q. 4, tok energie v smere 7 a z, sposobeny tepelnou
vodivostou a difuziou,
q. rychlost uvolfiovania tepla vplyvom chemickych

reakcii.

Vypocet bol umelou diftiziou stabilizovany. Rovnice hybnosti
pre zmes boli stabilizované prostrednictvom viskozitného koefi-
cienta. Rovnica celkovej energie je stabilizovana pridanim difuz-
nej Casti cez pomer koeficientu tepelnej vodivosti a merného tepla
pri konStantnom objeme. Stabilita rieSenia rovnic transportu
zloZiek je kontrolovana rovnicou zakona zachovania hmoty.
Vypocet bol realizovany pre tieto parametre:

e otacky motora 2000 min~ !,

e toCivy moment 726 Nm,

e predstih zazihu 24,1 ° pred HU,
o sucinitel prebytku vzduchu 1,41,

o velkost casového kroku 1,6.107% s,

e teplota steny 500 K,

e referencna teplota 707 K,

e referencny tlak 1,872 MPa,

e tangencialna rychlost 5 ms~ !,

e model turbulencie k-¢

Vysledky vypoctu

Proces oxidacie metanu je zobrazeny na obrazku 1. Miesta
zobrazené tmavsimi odtienmi predstavuju zony s mensou kon-
centraciou metanu, t. j. tie, kde proces spalovania uz prebehol.
Spalovanie zacina od stredu spalovacieho priestoru, teda od
miesta polohy zapalovacej svieCky a postupuje do rozsirenej Casti
spalovacieho priestoru. No v niektorych usekoch cyklu proces
spalovania samovol'ne za¢ina aj v okrajovych miestach spalovacie-
ho priestoru. Tento jav je mozné vysvetlit lokalne zvySenou teplo-
tou v zlUZenej Casti spalovacieho priestoru pocas spalovania,
obrazok 2. Na obrazku 3 vidiet vplyv nestacionarneho prudenia
v systéme, pretoze rozloZenie koncentracie metanu nie je rovnaké
na symetrickych rezoch spalovacieho priestoru. Z vypoctu
vyplyva, Ze proces dohorievania prebieha v rozsirenej Casti spalo-
vacieho priestoru a kon¢i v jeho dolnej Casti, kde zostavaju aj
zvysky metanu po skonceni procesu spalovania, obrazok 4. Ich
koncentracia je vSak pomerne nizka 0,0313. RozloZenie koncen-
tracie vSetkych zloziek je ovplyvnené teplotou. Vypocitané prie-
behy koncentracii oxidov dusika v ur€itych ¢asovych krokoch su
zobrazené na obrazkoch 5, 6, 7 a 8.

Vypoéet umoziuje sledovat aj sirenie sa tlakovych vin v spa-
lovacom priestore pocCas horenia palivovej zmesi, obrazok 9. Tlak
nie je kritériom konvergencie tohto vypoctu. Zmena tlaku nema
podstatny vplyv na priebeh koncentracii jednotlivych zloziek.

Z priebehov rychlosti pocas spalovania vyplyva, Ze pocas
procesu spalovania dochadza k nestacionarnemu Sireniu sa tlako-

D pressure,

Prrs Przs Popg» P= COMponents of viscose stress of tensor,
total energy for which holds E = [2(u +v) +
11", I'is specific internal energy,

q, 4. flow of energy in the directions r and z caused by
thermal conductivity and diffusion,
q, velocity of heat release due to chemical reactions.

The calculation was stabilised by an artificial diffusion. The
equations of motion for mixture were stabilised via the viscosity
coefficient. The equation of total energy is stabilised by adding the
diffusion part via a ratio of the coefficient of thermal conductivity
and specific heat at a constant volume. The stability of solution of
equation of the component transport is controlled by the equation
of the law of mass conservation. The calculation was done for the
following parameters:

e engine revolutions 2000 min~ !,

e torque 726 Nm,

e advanced ignition 24,1 ° in front of TDC,
e excess coefficient 1,41,

e magnitude of time interval 1,6.10-3 s,

e temperature of wall 500 K,

e reference temperature 707 K,

e reference pressure 1,872 MPa,

e tangential velocity 5 ms~ !,

o turbulence model k-¢

Results of the calculation

The process of methane oxidation is shown in Fig. 1. The
darker places represent the areas of a lower methane
concentration, i. e. those where the combustion process is already
over. The combustion starts from the centre of the combustion
chamber, that is, from the place where an ignition plug is located,
and proceeds to an extended part of the combustion chamber. But
in some intervals of the cycle, the process of burning starts
automatically also in boundary places of the combustion
chamber. This phenomenon can be explained by a locally
increased temperature in a tapered part of the combustion
chamber during burning, Fig. 2. Fig. 3 shows the influence of non-
stationary flow in the system as the distribution of methane
concentration is not the same on symmetric cuts of the
combustion chamber. From the calculation it follows that the
process of burning low takes place in an extended part of the
combustion chamber and ends in its bottom part where methane
residues also remain after the combust ion process is over, Fig. 4
But their concentration is relatively low - 0.0313. The distribution
of concentration of all components is influenced by temperature.
The calculated courses of nitrogen oxides concentration in certain
time intervals are shown in Figs 5, 6, 7, and 8.

The calculation also allows to follow propagation of pressure
waves in the combustion chamber during burning of air-fuel
mixture - Fig. 9. Pressure is not a convergence criterion of this
calculation. A change in pressure does not have any substantial
influence on the concentration of individual components.
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Obr. 1 Oxiddcia metdnu
Fig. 1 Oxidation of methane
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Obr. 2 RozloZenie teploty
Fig. 2 Distribution of temperature
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Obr. 3 Vplyv nestaciondrneho priidenia na koncentrdciu metdanu
Fig. 3 Influence of nonstationary flow on concentration of methane
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Obr. 4 Zvysky metdnu po skonceni spalovania
Fig. 4 Residues of methane after combustion is over
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Obr. 5 Koncentrdcie NO
Fig. 5 NO concentrations
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Obr. 6 Koncentrdcie NO
Fig. 6 NO concentrations
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Obr. 7 Koncentrdcie N,
Fig. 7 NO, concentrations
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Obr. 8 Koncentrdcie N,
Fig. 8 NO, concentrations
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Obr. 9 RozloZenie tlakov
Fig. 9 Distribution of pressures

vych vin v priestore. Priebeh rychlosti je Gasovo nespojity, pre-
menlivy, striedaju sa zony s najnizSou a najvy$Sou rychlostou.
Zmena rychlosti nenastava len vzhladom na osovu symetriu, ale
sa aj po obvode. Vplyv pocCiatocnej tangencialnej rychlosti sa pre-
javuje aj pocCas horenia zmesi a horenim generovana rychlost
Castic sa superponuje na stacionarne pociato¢né rychlostné pole
za de finovanej pociatocnej podmienky rychlosti. S horenim sa
prejavuje vplyv trecich sil o stenu valca, ¢o sposobuje postupné
zniZovanie rychlosti s ¢asom.

Zaver

Ako z vypoctu vyplyva, skutocny okamZzity obsah kazdej
zlozky reagujucej zmesi v priebehu reakcie lezi medzi vychodisko-
vym obsahom tejto zlozky vo vstupnych produktoch reakcie a jej
rovnovaznym obsahom pre okamZité stavové a koncentracné pod-
mienky. Proces tvorby a zaniku prislusnej zlozky je mozné chapat
ako posun hodnoty okamzitej koncentracie medzi tymito kraj-
nymi hodnotami v smere k ustanoveniu rovnovahy, ktory je
urceny integralom reakénej rychlosti za dobu trvania reakcie. Vo
valci spalovacieho motora sa vSak navySe meni s Casom tlak
a teplota, pricom teplota ma v roznych miestach spalovacieho
priestoru rozny Casovy priebeh, najma je do velkej miery ovplyv-
nena prechodom plamenného frontu danym miestom.

From the courses of velocities during combustion it follows
that during the combustion process nonstationary propagation of
pressure waves occurs. The course of velocities is time-
discontinuous, variable, areas with the lowest and highest velocity
interchange. The change in velocities does not occur only due to
an axial symmetry, but it is also on the periphery. The influence
of initial tangential velocity is felt also during burning of the
mixture and the speed of particles generated by burning
is superposed to a stationary initial velocity field at a defined
initial condition of velocity. The influence of friction forces
against the cylinder wall is observed with burning. It causes
a gradual decrease in velocity with time.

Conclusions

As it results from the calculation, the real instantaneous
content of each component of the reaction mixture during the
course of reaction lies between the initial content of this element in
the input products of the reaction and its equilibrium content for
instantaneous state and concentration conditions. The process of
formation and extinction of a particular component can be
understood as a shift of a value of the instantaneous concentration
between these boundary values in the direction to the equilibrium
stabilization that is determined by the integral of reaction velocity
during the reaction duration. Pressure and temperature change
most with time in the cylinder of a combustion engine. Temperature
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Na priebeh koncentracie reakénych zloZiek ma vyznamny
vplyv chemicka reakcia s najvacSou rychlostou. V porovnani
s prvou castou vypoctu boli v druhej Casti problémy s numerickou
stabilitou systému, pretoze program pocita s velmi malymi hod-
notami koncentracii jednotlivych zloziek. Pouzita metdda konec-
nych diferencii je optimalna vtedy, ked pomer diferencii
pocitanych veli¢in (rychlost, tlak, teplota, koncentracie jednotli-
vych reakénych zloziek) je hodnota blizka Cislu 1. V pripade poci-
tania s velmi malymi hodnotami koncentracii (radovo stotiny az
tisiciny) dochadza k chybam vypoctu. Pre dosiahnutie korektnej-
Sicho vypoCtu by bolo preto vhodnejSie pracovat s Casovo pre-
menlivou sietou, t. j. kazdy vypoctovy krok pocitat s novou sietou.
Takiato moznost ma napriklad vypoctovy program RAMPANT,
ktory je urCeny len pre vypocty v oblasti prudenia. Pre zabezpe-
Cenie konvergencie vypoctu by bolo vhodnejsie pouzit rozdielnu
vol'bu ¢asového kroku pre prudenie a pre chemické reakcie, ktorti
umoznuje verzia programu FLUENT UNS.

Recenzenti: M. Steiner, S. Liscdk
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has a different time course in different places of the combustion
chamber and it is influenced, to a great extent, by a transition of the
flame front across the given place.

The course of reaction component concentration is greatly
influenced by the chemical reaction of the highest velocity. When
compared with the first stage of the calculation, in the second
stage there were problems with a numerical stability of the system
as the program considers very small values of concentrations of
individual components. The applied method of finite differences
is optimal when a difference ratio of the calculated magnitudes
(velocity, pressure, temperature, concentration of individual
reaction components) is a value near number 1. When the
calculation is done with very small values of concentrations
(hundredths or thousandths) some errors in calculation occur. In
order to achieve a more correct calculation it would be suitable to
work with a time-variable network, i. e. to calculate each
calculation step with a new network. This possibility is provided e.
g. by the program RAMPANT which is designed for calculation
from the field of flow only. To provide a convergence of cal-
culation it would be better to use a different option of a time
interval for flow and for chemical reactions which is enabled by
a version of the program FLUENT UNS.

Reviewed by: M. Steiner, S. Liscdk
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PREDPISY C. 1 A 2 TYKAJUCE SA

BALIKOVYCH ZASIELOK V ZMYSLE PODMIENOK

UPLATNOVANYCH V EU

INSPECTION NO. 1 AND NO. 2 OF POSTAL OBLIGATIONS CONCERNING MAIL PARCELS

UNDER EU-REGULATED UNIVERSAL SERVICES

Skiimanie moznosti doddvania postovych balikov do hmotnosti 10 kg. Porovnanie siicasnej a predpokladanej iirovne. Predstavenie novej
zasielkovej sluzby a podmienok pre jej zavedenie. Vycislenie financnych ndkladov v distribucnych uzloch a prepravnych iiloh v podmienkach
nového systému rozvozu zdsielok. Kalkuldcia ndkladov na sluzby v zmysle predpisov EU.

The examination of the possibility of the nation-wide delivery of postal packets no larger than 10 kg. The comparison of the present and
expected packet service level. The presentation of the new packet forwarding service and the conditions for its introduction. The putting into
figures of the extra turnover at the distribution points and of the transportation tasks in the new packet delivery system. Cost calculation for

the service according to the EU regulations.

1. Introduction

Uniform universal scope of services shall be defined in
member states pursuant to planned EU regulations by taking into
consideration the interests of consumers and the improvement of
service quality.

The scope of universal services comprises addressed mail items
below 2 kg in weight, addressed books, catalogs, papers and
magazines. Moreover, addressed mail parcels below 10 kg in weight,
as well as registered and insured services are included. The above-
mentioned items shall be collected at collection points at least once
on a minimum of 5 working days each week and delivered to natural
and legal entity persons at the address location.

2. Establishment of new parcel service for national door-
to-door delivery of mail parcels below 10 kg in weight

Comparing the current level of services with expected levels

The inspection of conditions and a survey of the logistics
system showed that in some areas in Hungary mail parcel services
fulfill more and in some other areas less than what is expected
under EU regulations.

* Ida Ercsey, college first asst. to prof.

Parcel services’ level of compliance with EU requirements in
Hungary:
e 100 % for availability of acceptance,
e 100 % for delivery and processing of items,
o in the field of delivery,
e 5 % of settlements,
e 71.5 % concerning the ratio of door-to-door delivery items.

It can be seen from the above that major changes are needed
in the current system, specifically to increase the number
of settlements involved in the door-to-door delivery of parcels.
From another point of view problems are accumulating in
the delivery service in close connection to the task to be solved
at the present. Changes in the economic and social structure
have caused a deep-down transformation in the structure of
postal items (distribution, and dispersion as per type of posters,
place of posting and destination, weight and size parameters,
special services, local and re-forwardable, etc.). This causes some
tension in demands for services and the slowly changing service
structure.

This requires - among other things - repeated surveying of the
overall delivery system and its transformation in accordance with
current and expectable requirements.

Postal Operations Professorship, Economics Faculty, Széchenyi Istvan College. 9026 Gyor, Hédervari u.3. 9007. Gyor, Pf. 701.
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Description of conditions for introduction of the new system

The most typical feature of the forwarding system of postal
items is that it is a uniform whole. This means that - almost
completely regardless of item type - the system has the same input
(source) points, primary (local) collection (and processing),
secondary (interurban) collection (and processing), exchange
forwarding, primary (interurban) distribution (and processing),
and secondary distribution (delivery) and is performed on the
same routes and with the same means of transport.

The objective is not to develop a completely new system but
to transform an operating systems with respect to the item
forwarding network’s transformation.

changes, elements that require changes, and what transformation
is needed. Moreover, I will determine what qualitative, quantitative
and cost parameters can be used to describe the transformations
(innovations). You can see in Fig. 1 the elements of the mail parcel
forwarding system.

The current system is concentrated in the centre with
Budapest.

e Basically, the current elements of local collection and acceptance
are available for utilization. However, it is undoubtable that the
establishment of regional coverage door-to-door delivery of
parcels also has an effect on the collection system.

Exchange
i i . . Pr ing Il. iveri

Collection Processing | forwarding ocessing Delivering

@ - local - interurb.
Company
seat
Company
seat - local
- interurban

Adressee

Fig. 1 Elements of the mail parcel forwarding system

It will be necessary to take into consideration traffic
peculiarities of elements (fixed points), the size of traffic on such
points, as well as their role in prevailing innovation plans. Outline
maps are used to describe the key elements of the current parcel
forwarding system and the one to be established. (Inset 1, 2, 3.)
Twenty four % of the current parcel delivery post offices are
processing post offices, 34 % of them are route starting post
offices and 60 % of them regional post offices. Ninety % of the
proposed regional centers are regional post offices and 83 % of
them are planned in IPN.

Important standpoints concerning innovation include
dispersion of parcel items, flow data and any possible alternative
solution for flowing.

It is necessary to maintain the system’s theoretical central
management. It is also necessary to establish and, if needed,
further develop the information system required for the same.
One must make use of information gaining and forwarding
facilities offered (to be offered) by the Integrated Postal Network.
I think it is natural that the IPN innovation plans contain more
points than the parcel forwarding network, but I believe that some
points of the latter should be included for the IPN if these are
taken into consideration as regional centers.

In the course of the audit I will determine the elements of the
current system which can be utilized in the new system without

e Interurban collection demands no special tasks. At the same
time the modification and expansion of the distribution system
to be detailed hereunder will require changes in the processing
system and in turn this will result in a transformation of
interurban collection to a certain degree.

e The processing of parcels for interurban distribution will
change to the extent that post offices involved in delivery and
interurban distribution undergo changes. Both will change to
some extent, because the national expansion of delivery
requires designation of new post offices involved in delivery
tasks. However, the number of parcels to be processed will not
change, only the place of their processing and to a certain
degree the content of dispatches, in other words the order of
their management.

o Efforts should be made for exchange forwarding to avoid
Budapest, or at least the Processing Center, and be made
directly between processing points where quantity levels and the
network allow for the same in an efficient manner. It is
necessary to make possible direct exchange forwarding in an ad
hoc manner between processing centers. The transportation of
some items (e.g. newspapers) might become uncertain or even
abolished. Thus, there is a great probability for moving exchange
forwarding and interurban distribution of parcels to road routes.
The parcel forwarding system as per EU requirements does not
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make the above transformation obligatory because requirements
can be fulfilled without it. However, it is evident that it would
improve the parcel service, its flexibility and throughput times,
and work conditions as well. The change would demand large
one-time expenditures (automobiles) and some surplus
operating costs on a temporary basis.

Major changes will be needed in the item forwarding system in
the second phase processing of parcels. In part, post offices
participating in the door-to-door delivery of parcels will require
transformations and in part, new ones will have to be developed.
Important factors include the lowest possible number of
transloading and low transportation distances. Efforts should
also be made for such post offices to be accepting from the point
of view of other postal requirements. These post offices

Processing
Center
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processing (regional) centers as well. Presently, there are a total
of 128 settlements in Hungary designated for overall door-to-
door delivery of parcels. In the future, 115 of these will be kept
in business, 13 will be abolished (and their function transferred)
and 28 new units will be created. Thus, a total of 143 post offices
(not including Budapest) will be engaged in the door-to-door
delivery of parcels. Demand for new tools differs at every
location. At post offices to be transformed and expanded, the
surplus requirements are expected for tools and sources,
because of the function and traffic growing. With respect to
delivery, I differentiate between local and interurban parcels.

Fig. 2 presents input and output of the regional centers.

Local

Regional Center
Budapest

Regional
Centers

Adressee

Parcel
delivering

post office Adressee

Interurban

Parcel

delivering post Adressee

office

Adressee

Fig. 2

become the “general” regional centers of the territory. In addition
to the innovation of the parcel forwarding service, and ensuring
its compliance with the requirements of the EU, these centers
will play a key role in the postal network’s operation from other
points of view as well. The number of post offices engaged in the
delivery of parcels was calculated on the basis of parcel traffic
data. I suppose that the workforce will be recruitable locally,
processing will be operative and forwarding management
decentralized. Thus, I suppose that it will be possible to establish
“mixed” function (forwarding and delivering) routes, flexible use
of assets and other sources, and to form local and central
reserves. In determining the location of processing post offices
and regional post offices connected to them, I put emphasis on
their harmonious integration into the current system of the post.

Parcels are delivered from selected post offices via automobile
routes. The vast majority of post offices engaged in delivery are

3. Cost calculation for services pursuant to EU regulations

In this chapter I will determine the size of the one-time
investment necessary for the planned innovation of the current
delivery system and I will prepare calculations on the increase in
operating costs caused by the new centralized delivery method.
On the basis of delivery traffic data supplied for working out this
topic I will first determine the traffic of regional centers and post
offices involved in delivery, and then the increase in traffic in the
new parcel service system. I will examine the size of the ground
area required by the local and interurban parcel traffic increase of
centralized delivery at distribution points.

I will determine the number of routes and vehicle needs for
performing new delivery tasks.

I will estimate the increment in material movement tools and
the volume of sources needed for innovation of the information
system.
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Finally, I will present the one-time expenditures necessary for
services required under EU regulations and growth in operating
costs.

Determination of traffic increase at regional centers and

parcel delivering post offices

Calculations were prepared in local and distance breakdown
for post office, directorate and overall post levels.

The calculations were performed on the basis of delivery
traffic data broken down to each distribution point available.

Although parcel traffic has dropped back from the levels taken
into consideration, it is expected to reach those levels again soon.

Delivery traffic of post offices proposed for regional centers
can be local (within the settlement designated for delivery) and
distance (outside the settlement designated for delivery). Twenty-
one of the post offices engaged in post site delivery will be
assigned with parcel door-to-door delivery function in the
centralized distribution system.

The increment in items to be delivered is around 20,000 pcs/day.

The comparison of local and interurban delivery traffic of
regional centers shows major differences at various centers. At
large settlements (Tatabanya, Szolnok) local traffic is more than
two-times higher than distance traffic. However, the opposite is
true for small settlements (Encs, Vasarosnamény).

At the level of directorates door-to-door delivered traffic at
present is generally higher than distance delivery traffic (with the
exception of BUVI).

Determination of delivery routes

First of all I specified three types of routes for determination
of the number of routes required for national door-to-door delivery
of parcels having a maximum weight of 10 kg and calculation of
miscellaneous costs related to these.

The first group contains routes located in a large city environ-
ment, the second routes outside the above at the headquarters of
the delivering post office, and the third group contains routes
which deliver regionally or fall outside the territory of the delivering
post office (distance).

For local routes I calculated with 60 parcels and 30 km of
route length per route and per day. I calculated with shorter parcel
handover times for routes in the second group pursuant to
delivery distance.

The following data was used for determination of the delivery
route necessity of distance parcels: parcel item number, number
of delivering post offices, number of settlements, average route
length, average running speed, parcel handing in time,
preparation and counting time. On the basis of the above, door-to-
door delivery of parcels below 10 kg in weight (as per EU
regulations) demands a total of 17 new local and 310 new distance
that is, a total of 327 delivery routes.

Determination of vehicle requirements at regional centers and

post offices engaged in delivery

Substantial increases will be needed in the vehicle fleet for the
centralized delivery system required for the expansion of door-to-
door delivery. I calculated using 8-hour delivery routes for both

local and distance door-to-door delivery, and the increase in routes
number was used to calculate vehicle needs and the sum of the
investment needed.

Ground area requirements of the parcel distribution system

The expansion of doorto-door delivery of parcels requires
investments and expansions in the ground area at regional centers
and a new post office engaged in the delivery of parcels.

I used the new ground area needs (for storing, placing in a row
and processing) and calculated using 50,000 HUF/m? construction
costs.

Innovations in material movement machines

The innovation involves material movement tasks at places
and/or to the extent which has not had to be faced in the past. For
this purpose I calculated using a durable hand-cart for each
delivery route. Necessary volumes will be determined according
to the increase in traffic; in other words, the increase in the
number of parcel delivery routes.

Innovation of the information system

The expansion of door-to-door delivery of parcel items
requires among other things operation of an information system
higher in quality than the current one.

From this point of view I rank post offices engaged in delivery
into four groups, and I am using identical sums for post offices in
the same group.Table 1 presents the structure of the investment
sum.

The structure of the investment sum Table 1
The name of the innovation Percent weight (%)
Vehicle 83.6
Grund area 14.1
Material movement machines 1.8
Information system 0.5
Total: 100.0

Determination of operating costs in the centralized

delivery system

I also performed calculations to determine surplus fuel,
payroll and vehicle amortization expenditures per year - required
by higher delivery traffic and route number.

Calculations involved the “norms“ of local and distance
routes, as well as the average of the monthly mean base sum of
post directorates.

Surplus costs originating from expansion in material

movement tools

Twenty % annual amortization was used in calculations of the
increment in operating costs.

Surplus costs originating from expansion of the information

system

Thirty-three % annual amortization was used in calculations
of the increment in operating costs.
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Outline map of the proposed regional centers and

parcel delivery post offices

Table 2 presents the structure of the annual operating surplus
costs.

Inset 3

The structure of the annual operating surplus costs Table 2
The name of the costs Percent weight (%)
Fuel: local 0.50

interurban 16.60

Payroll: local 2.30

interurban 41.20

Vehicle amortization: local 2.00

interurban 36.20

Material movement tools: local 0.04

interurban 0.76

Information system 0.40

Total: 100.00
References

®  Regional center
®  Parcel delivery post office

[#] Regional center and parcel delivery pest office

Conclusions

The implementation of national door-to-door delivery of
postal parcels below 10 kg in weight demands substantial
developments in the current system of distribution. Trouble-free
operation makes it necessary to coordinate the previous
system’s transformation - under the innovation project under way
at the Post - with the Integrated Postal Network. Regional centers
will have a special role in the centralized delivery system in the
field of tasks, responsibility, scope of authority and as
a communications center. The centers will have key importance in
the operation of the postal network for other factors as well. The
time schedule of the new system’s implementation should be
coordinated on the one hand with other elements of the system,
and on the other hand the time requirement of the task to be
solved and expenditures to be made. Expansion of door-to-door
delivery of parcel to nation-wide service will have an effect on
parcel fees as well.

Reviewed by: M. Chytil, T. Corejovd

[1] PREZENSZKI, J., DAUBER, F. I, GAL, Gy., LUIG, M., MOLNAR, F., NELISSEN, D., TARNAI, J., TOKODI, J.: Logistic.

University of Technical sciences Budapest, 1995.
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AM STEREOFONNY SYSTEM

S PRENOSOM DOPLNKOVYCH UDAJOV

AN AM STEREO SYSTEM WITH ADDITIONAL DATA TRANSMISSION

Skor vyvinuté AM stereofonne systémy uz boli popisané. V prispevku je popisany novy kompatibilny AM stereofonny systém. Novy systém
umoznuje zavedenie stereofonneho vysielania so Sirkou pasma zvukovych kandlov od 50 Hz do 4,5 KHz (alebo viac) a prenos ddt s prenoso-

vou rychlostou 25 bit/s.

Previously proposed systems for AM stereo are discussed. The new compatible AM stereo system is described. The new system makes it possible
to implement a stereo transmission with a bandwidth in the sound channels from 50 Hz to 4.5 (or more) kHz and a data transmission with

a modulation rate of 25 bit/sec.

Introduction

Due to increasing interest in stereophonic music reproduction
in the 1950s, techniques for stereo transmission on AM stations
were investigated. Work on the AM stereo system has been in progress
ever since. Several solutions have been developed.

All the proposed systems transmit a sum signal, usually L + R,
and a difference signal, usually L - R. The modulation of the
carrier with the L - R signal is generally phase or frequency
modulation. The main purpose is to ensure that satisfactory
reception of stereo can be obtained without unduly impairing the
reception of the sum (monophonic) signal on conventional AM
receivers. The spectrum of the composite radiated signal must be
contained within the normal passband and the difference signal
components must be chosen with care if they are not to cause
envelope distortion. Thus, the specification must be somewhat of
a compromise. Some proposals use quadrature amplitude
modulation of the carrier to carry the stereo difference
components.

Table I. gives a summary of the main characteristics of five
systems under consideration (in 1984) by the American FCC.

The phase deviations of the proposed quadrature systems are
much smaller than those of the PM and FM systems. Thus, the
monophonic receivers with envelope detectors can work with little
distortion, but the coverage area of the stereo reception is
significantly smaller than that of the monophonic reception.

The PM and FM systems do not have this shortcoming. They
work without any distortion if all bandpass filters in the

* Dr. Istvan Standeisky,

transmitter, antenna system and receiver have a flat amplitude and
linear phase response. (A distortion-free monophonic reception
with envelope demodulation requires the same conditions.) The
coverage area can approach that of the monophonic reception.

During the development work on AM stereo, successful
experiments on systems with additional data transmission were
also carried out on long wave and medium wave AM transmitters.

The author of this article has worked with AM stereo and the
admittional data transmission for several years. The experimental
works in the laboratories of the Szechenyi Istvan College have
confirmed the idea that it is possible to combine the AM stereo
with a low rate data transmission.

System considerations

Both methods, the AM stereo and the LF radio data, need
similar techniques in the transmission of the necessary additional
signals. If the additional signals are transmitted by phase
modulation of the carrier, we can regain them from the phase
demodulator of the receiver. It is easy to separate the two signals
if their bands do not overlap one another. That means that the
spectrum of the data signal must be limited. The limit is the lowest
frequency in the sound transmission which is about 30 ... 40 Hz.

The signalling for the stereo transmission can be solved by
means of the data signal as well. A signalling system alerts the
listener that a stereo broadcast is being received and can
automatically switch the receiver between its mono and stereo
modes.

Department of Telecommunications, Széchenyi Istvan Foiskola, Hédervari ut. 3, Pf.:701, H-9007 Gyor, Hungary,

Phone:+96-429-722 2452, Fax: +96-429-410 142, E-mail: borbely@rsl.szif.hu
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Table 1.
Company Harris Haseltine/Kahn Motorola Magnavox Belar
System PM ISB C-QUAM AM/PM AM/FM
(L + R) signal modulation AM AM AM AM AM
modulation Quadrature Quadrature Quadrature PM M
AM MA MA
(L-R) frequency or phase
signal deviation + 15° - + 45° + 1 radian + 1.25 kHz
additional features - (L - R) predistortion (L - R) predistortion -
to compensate for to compensate for
subsequent envelope subsequent envelope
distortion 90° phase distortion
shift between sum
and difference
Additional signals (stereo) 20-25Hz 15 Hz 25Hz 4 % 5 Hz 4 radians
added to (L -R) added to (L -R) added to (L -R)
Preffered method of stereo Land R Modulation with Envelope distortion  Limiter and phase Limiter and
detection synchronous (L +R) to remove introduced prior to  detector provides frequency demo-

detectors each
operating at 90° to

distortion, then
synchronous (L - R)

L and R syn-
chronous detector

(L-R)

dulation provides
(L-R)

detection, 90°
before sum/
difference

the unwanted signal,
with phase locked
loops

If it is a requirement that the stereo transmission has to
achieve the coverage area of the monophonic transmission, S/N
in the L - R channel must equal S/N in the L + R channel which
can be fulfilled only by use of FM or PM. The latter is more
advantageous because of its implementation simplicity. The S/N
of the L + R channel equals that of the L - R channel if the
demodulation gains are the same. At an AM - PM system it
means:

2
2 2n’la

-

m

where mp and ma are the modulation indices.

Channel noise can be particulary perceived if the modulation
indices are small. In this case

m, ~m,

and the channel noise is merely 3 dB higher in the L and R
channel than that in the L + R channel. (The S/N depends also on
the signal distribution between the L and R channel. The extreme

values are 3 dB higher or 3 dB lower than S/N is in the L + R
(monophonic) channel.)

Thus, at the maximum modulation

That is the maximum phase deviation must be at least 1
radian. But at the final specification of the phase deviation, the
properties of the demodulator, the value of the synchronous PM
modulation of an AM transmitter and the bandwidth of the
modulated carrier must be taken into consideration. The
synchronous PM modulation and the phase noise of transmitters
are very different. It is a very good value if the phase deviation of
the synchronous PM modulation is smaller than 6° (at 1000 Hz
and m, = 1). The phase deviation from the L - R signal must be at
least 10 times larger, that is 60°, so that we can achieve a good
separation of the channels and a low distortion. (The synchronous
PM modulation is in general largely distorted.) But too large phase
deviations cannot be processed by certain PM demodulators. If the
joint phase deviation coming from the data signal and the L - R
signal are limited at 90°, most PM demodulators can be used in
AM stereo receivers.

The bandwidth of a PM signal depends on the frequency of the
modulating-signal and the phase deviation. At the phase deviation
of 60° there are 2 ... 3 significant side frequencies in the spectrum.
Fortunately the high-frequency components of the sound signal are
of a small level. Thus, the phase deviation is small as well, and the
spectrum can be kept within the specified bandwidth.

We can see that the phase deviation of 60° is an appropriate
compromise. It makes possible a good S/N and channel
separation with a low distortion. The spectrum spread of the
transmitter is negligible. The lab experiments have proved that the
stereo transmission is not disturbed by the data signal if the phase
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deviation for the data transmission is smaller than 22.5° at a
modulation rate of 25 Bd. (The highpass filters at the input of the
L-Rand L + R channel in the receiver were first-order with a cut-
off frequency of 50 Hz.) The data-shapping filter in the
transmitter had an amplitude response:

Ift,

cos ;0<f<2/t,

Hy () =
0 ; >y

and here ¢, = 1/12.5 second. (The logic 1 at the filter input was
&(1) , the logic 0 was 0.)

If the sound transmission is monophonic, the phase deviation
for the data channel can be enlarged up to 45° or even more. The
receiver can automatically switch on its stereo mode if the phase
deviation for the data transmission is between 22.5° and 45°.

The coverage is monophonic at a phase deviation higher than
45° or smaller than 22.5°. The 22.5° phase deviation is satisfactory
for a secure data transmission.

Thus, the time function of the stereo signal is:
U(t) = [1+ (L + R)] cos[w,? + 1.047(L — R) + 0.393d(?)]

d(1) is the data signal, for example, a shaped and biphase coded
data waveform. All signals L + R, L - R and d(¢) have relative
values and vary between -1 and L.

Implementation

The AM demodulator of the AM - PM stereo system is the
envelope detector. It is absolutely insensitive to the phase noise
and synchronous PM modulation of the transmitter, which is very
useful for the system. This type of the demodulator is traditional
for the AM broadcasting and most receiver ICs incorporate it.

An effective AGC is an indispensable part of AM - PM stereo
systems. The ICs designed for AM stereo reception contain this
stage, and the level of the L + R signal is practically independent
of the level of the input RF signal.

The receiver has to be exactly tuned in to ensure an excellent
stereo reception. This is why electronically tuned receivers are
advantageous for AM stereo.

After having reviewed the most important aspects we shall
now see what the extra functions required for AM stereo are.

1. Removing the amplitude modulation from the phase - modu-
lated carrier.

2. Demodulating the stereo difference signal (L - R ).

3. Matrixing the L - R and the L + R signal.
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4. Detecting and indicating the stereo identification (signalling
system).
5. Soft blending of AM -stereo depending on receiving conditions.

For demodulating the phase modulated signal containing the
L - R stereo information and the data signal, the so called
quadrature demodulator of FM receivers can be used especially in
an extended AM stereo - FM stereo receiver. In this case the
demodulated L - R signal has to be corrected to transform the FM
demodulation response with an integrator into a corresponding
phase demodulation response.

If the receiver has a data stage, the filtered data signal can be
used for the stereo identification (or signalling). After rectification
and filtering of the received data signal we have a DC level
depending on the phase deviation of the data transmission. By
means of an appropriate comparator the signalling can be solved.

Measured system characteristics

The following data was achieved in a receiver incorporating
an IF stage with two parallel resonant circuits. In stereo mode the
L - R signal was regained by means of a quadrature FM
demodulator.
Channel separation (cross talk) 30 dB
(40 Hz.....4.5 kHz)

Distortion (m, = 0.8, f = 1000 Hz) stereo mode 2%

monophonic mode 1%

The channel noise in the L and R channels is at stereo
reception 4 dB higher than that at monophonic reception.

If the transmission of the AM transmitter was switched in
stereo mode the cross talk in the adjacent mono channel
inereased by 2 ... 4 dB depending on the modulation depth of the
stereo transmitter and the field strength of the received mono
signal. The channel distance was 9 kHz at this measurement.

Conclusion

The measurements on the experimental system have proved
that the AM stereo and AM radio data can be combined
advantageously. The two systems do not disturb each other if the
data rate is low, moreover the signalling of the stereo transmission
can be fulfilled by means of the data signal.

With a phase deviation of 22.5° in the data channel and of
60° in the L - R channel both, the data and the sound transmission
have a good quality.

The implementation simplicity is an important feature of this
system as well. The data signal and the L - R signal can be

demodulated by the same phase demodulator.

Reviewed by: S. Marchevsky, J. Ditha

o
~a
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NOVE NUMERICKE METODY

PRE MATEMATICKE MODELOVANIE PRENOSU ZNECISTENIA

THE NEW NUMERICAL METHODS

FOR MATHEMATICAL MODELLING OF POLLUTANT TRANSPORT

Cldnok sa zaoberd riesenim riadiacej rovnice prenosu v nasyte-
nej zone pomocou metody ndhodnej prechddzky a metody DR
v spojeni s metodou hranicnych prvkov. Metoda hranicnych prvkov
ddva spojité pole rychlosti ktoré sa pouZiva pre riesenie rovnice

prenosu v obidvoch metodach. Takéto modely mozu iic¢inne simulovat

problémy znecistenia podzemnej vody.

Uvod

Modely prenosu sa zacali pouzivat ako uéinny nastroj pre
predpoved prenosu znecistenia v podzemej vode. Napriek tomu,
Ze dodnes bol vyvinuty a publikovany v literature cely rad nume-
rickych modelov, ani jeden nie je celkom bezchybny. Modely,
ktoré priamo riesia rovnicu prenosu znecistenia, podliehaju nume-
rickej disperzii alebo oscilaciam, predovSetkym vtedy, ked' je kon-
vekéna zlozka prenosu dominantnd, t. j. pre vysoké Pecletove
Cisla. Tento problém sa mozZe rieSif pomocou Casticovych metod
(Kinzelbach, 1988). Tieto casticové metody su sice velmi uZi-
tocné, ale tieZ maju niekol’ko nevyhod, spojenych hlavne s niekto-
rymi okrajovymi podmienkami. Niektoré nové metody pre priame
rieSenie tiez vyzeraju slubne. Je to metdda dvojnej reciprocity (DR
metoda) v spojeni s metodou hraniénych prvkov. Zakladna mys-
lienka metody je detailne opisana v (Partridge et al, 1992).
Povodne bola tato metoda odvodena pre rieSenie prenosu tepla
v strojarstve, ale moZe sa po niektorych upravach velmi jednodu-
cho pouzit aj pre prenos znecistenia.

Zakladné rovnice

Riadiaca rovnica prenosu latky je rovnica hydrodynamickej
disperzie (pozrite tiez Bear, 1972)

d dC aC
o\ Do e =R M

* Doc. Ing. Karel Kovarik, PhD.

This paper deals with a solution of the transport governing
equation in the saturated zone by the random-walk and DR method
connected with the boundary element method. The boundary
element’s solution produces a continuous velocity field which is used to
solve the transport equation by both methods. These models can be
effectively used to simulate groundwater contamination problems.

Introduction

Transport models have been adopted as tools for the predic-
tion of pollutant transport in groundwater. Although a number of
numerical models have in recent years been developed and report-
ed in the literature, none of them are flawless. Models that directly
solved the equation of pollutant transport are subject to numerical
dispersion or oscillations, particularly when the advective part of
mass transport is dominant, i.e. for high Peclet’s numbers. This
problem can be solved using the particle-tracking methods
(Kinzelbach, 1988). The particle tracking methods are very useful
but they also have some disadvantages connected mainly with the
specific boundary conditions. A new method of direct solution
appeared and it shows promise. It is the dual-reciprocity method
(DRM) connected with the boundary element method. The basic
idea of this method has been described in detail (Partridge et al,
1992). This method has been developed to solve the thermal con-
vection in mechanical engineering but it can al so be very easily
applied to the solution of the pollution transport.

Basic equations

The governing equation of pollutant transport is the equation
of hydrodynamic dispersion (see e.g.Bear, 1972)

d aC aC
(D--ij)=R e

Department of geotechnics, Faculty of Civil Engineering, University of Zilina, Moyzesova 20, SK-010 26 Zilina, Slovak Republic
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kde D; su koeficienty hydrodynamickej dispersie, C je koncen-
tracia latky, v je porova rychlost prudenia a R je retar-
dacny faktor (v pripade linearnej sorpcie).

Pole rychlosti sa moze vypocitat pomocou hydraulického
modelu. Pre rieSenie riadiacej diferencialnej rovnice ustaleného
prudenia podzemnej vody v rovine (rov. 2) sa pouZila metoda hra-
ni¢nych prvkov.

Rovnica ma tvar

Taz¢+Taz¢+§N:Q*O (2)
T o ! ayz k=1 g
kde @ je tlakova vyska (potencial pradenia) a 7., T, su koefi-

cienty prieto¢nosti v smere x, y a Q je vydatnost zdrojov
v oblasti. Okrajové podmienky mozu byt

e Dirichletova podmienka @ = &, na casti I, hranice,

e Neumanova podmienka d®/dv = ¢, na Casti I, hranice, kde v
je jednotkovy vektor vonkajSej normaly,

o Cauchyho podmienka 0®/dv = f{®) na ¢asti I'; hranice.

RieSenie rov. (2) metédou hrani¢nych prvkov dava &
a 0®/dv v prvkoch na hranici oblasti. Hodnoty porovej rychlosti
v lubovolnom bode vo vnutri oblasti sa mézu vypocitat pomocou
vztahu

V.=

S

Mer | j=1

kde K, je sucinitel filtracie, ®* je fundamentalne rieSenie, n,,
je ucinna porovitost a N je pocet okrajovych uzlov.
Obdobna rovnica plati aj pre rychlost v smere osi y.
Fundamentalne rieSenie pre Laplaceovu rovnicu pre
rovinnu tlohu mozeme pisat v tvare

d*=—In|—
21 r

Metoda nahodnej prechadzky

C))

Pre rieSenie rov. (1) pouzijeme teraz metédu nahodnej pre-
chadzky. Zakladny predpoklad metddy spociva v tom, Ze rozdele-
nie koncentracie latky moze byt nahradené rozdelenim
kone¢ného poctu Castic. Kazda tato Castica je nositelkou urcitého
mnozstva latky, ktoré sa moze v Case menit (napr. pdsobenim
rozpadu). Pocet Castic musi byt dostato¢ne vysoky, aby metoda
konvergovala k presnému rieSenim rov. (1). Mechanizmus prenosu
pozostava z dvoch Casti, a to z konvektivnej a disperznej zlozky.

aq)* N
e 2

where D are the coefficients of hydrodynamical dispersion, C is
the concentration of pollutant, v is the pore velocity
and R is the retardation factor (in case of linear
adsorption).

The velocity field of groundwater can be computed by
a hydraulical model. The boundary element method has been
used to solve the governing differential equation of two
dimensional horizontal steady groundwater flow

N

+> 0

k=1

P

+ T Clkcd
x> '

T;c ¥y ayz

=0 )

where @ is the pressure head and T, 7, are the coefficients of
transmissivity in the direction x, y and Q is discharge
of wells inside the domain. The boundary conditions
to this problems are of the following types

o the Dirichlet’s condition & = &, on the I'; part,

o the Neumann'’s condition d®/dv = ¢, on the I', part of boun-
dary, where v is the normal outward unit vector,

o the Cauchy’s condition d®/dv = {®) on the I'; part of boun-
dary.

Solution of the eq. (2) by the BEM gives the values of ® and
0®/dv along the boundary. Now the pore-water velocities
distribution inside the domain can be computed as

d [od* Yo Q, dD*
= al. + > —— 3
"Fjax( v) / kZ‘lTx ax:| ©)

where K, is the coefficient of hydraulic conductivity, ®* is the
fundamental solution, n,,is the effective porosity and
N is the number of boundary nodes. A similar equation
is obtained for the velocities in the y-direction. The fun-
damental solution for the 2D steady flow can be
written as

C))

Random-walk method

Now we use the random-walk method to solve eq.(1). The
basic assumption of the random-walk model is that the
distribution of the concentration of pollutants may be represented
by a distribution of finite number of particles. A certain mass is
assigned to each of these particles which may vary with time (e.g.
decay). The number of particles must be sufficiently high to
approximate the exact solution of the eq.(1). The mechanism of

mass transport consists of two parts, the advective transport and
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Konvektivny prenos sa simuluje pohybom castice v smere prude-

nia podzemnej vody v danom bode, disperzna zlozka je zalozena

na posunuti podla pravdepodobnostnej funkcie. Vysledkom tohto

pristupu je normalne rozdelenie éastic. Standardna odchylka roz-

delenia je

o, =V2.D,.t or=V2.Dpt (5)

kde D,, Dy su koeficienty pozdiznej a prieénej disperzie. Nova
poloha Castic sa potom moZe urcit zo vztahu
(Kinzelbach, 1988)

V. Vy
xX=xy+ ALV, + 7 Ao+ 7-/\2'UT
(6)

VV V\‘
Y=y T ALY, + " Ao + 7,A2.ar

kde V' je velkost vektoru porovej rychlosti, A, A, si ndhodné ¢isla
podla normalneho rozdelenia s priemerom nula a Standard-
nou odchylkou jedna a At je Casovy krok.
Pre vypocet rychlosti pre kazda Casticu mézeme pouzit rov.
(3). Pomocou rov. (6) potom stanovime novu polohu kazdej
castice. Castice su potom unasené pridenim podzemnej vody
a cela skupina sa rozptyluje disperznym pdsobenim. Ak
potrebujeme kvantifikovat vysledky modelu, mézeme vyniest
izolinie koncentracie. Musime pouzif pomocnu siet a spoci-
tat mnozstvo Castic v jednotlivych blokoch siete. Pri tejto kon-
Strukcii vznika problém optimalnej vel'kosti bloku siete. Ak je
blok prili§ vel'ky, zavadza sa v tomto okamihu do vysledkov
urcita numericka disperzia, na druhej strane prili§ maly
rozmer bloku spdsobuje zvyraznenie §tatistickych odchylok.

Pri pouziti tejto metddy vznika tiez problém s okrajovou pod-
mienkou 1. radu (Dirichletova p.). Tato podmienka vyZaduje, aby
sa do siete dostavali stale dalSie a dalSie Castice v kazdom casovom
kroku. Tak by tato podmienka viedla k velmi vysokym poctom
Castic. Preto sa Casto robi predpoklad, Ze sa nové Castice vytvoria
presne v mieste starych a pohybuju sa teda po rovnakej drahe. Ak
urobime tento predpoklad, mézeme séitat pocet Castic v kazdom
¢asovom kroku a simulovat tak tuto okrajovii podmienku.

Metoda dualnej reciprocity

Pre rieSenie rov. (1) mozeme teraz pouzit aj metédu dualnej
reciprocity (DRM). Najskor pouZijeme transformaciu sturadnic
v tvare
N D
=y VA A= FX (7

y

X=x

Potom riadiaca rov. (1) sa moze pisat v tvare

°C 9°C v, 9C v, 9C R oC
ot sttt (¥)
0x dy° D, ox D, dy D, ot
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the dispersion. The advective transport is simulated by moving the
particles according to the velocity vector in given point. The
dispersive transport is based on the probability distribution of
displacements. The result of this estimation is a normal
distribution. Standard deviations of the distribution are
o, =V2.D.t or=V2.Dpt (5
where D, , D, are the coefficients of longitudinal and transverse
dispersion, respectively. The new location of the
particle is then given by (Kinzelbach, 1988)

Ve Y,
xX=xyt ALV, + 7 Ao+ 7~)‘2-UT
(6)

£ V.
y=y,+t ALV, + v Ao+ 7.)\2.07

where V is the average pore-water velocity, A;, A, are normally
distributed random variables with mean 0 and a standard
deviation 1, and At is the time step.
The eq. (3) can be used to compute the velocity for each
particle. This velocity may be used at each time step to cal-
culate a new position of the particle. The cloud of partic-
les is then moved according to groundwater flow and
spread by the dispersion. If we need to quantify the results
we could create the contours of concentration. Then the
temporary net must be created and the number of partic-
les in each cell of this net must be counted. There is
a problem with the optimal size of these cells. If the
cell’s size is large numerical dispersion arises, on the other
hand, the statistical errors occur if the size is too small.

There is also a problem with the boundary condition of the
first kind (Dirichlet). This condition requires generating the new
set of particles at each time step and it leads to a very large
number of particles. Therefore, we suppose the new particles
should create in the same place as the old ones. If we make this
assumption, we can sum the number of particles at each time step
and so we can simulate this boundary condition.

Dual reciprocity method

For the solution of eq.(1) we can now use the DRM. At first
we use the following transformation of coordinates

. _ D
5=y.VA A—D (7N

v

X=x
Then the governing transport equation (1) can be written as

*C  *C v

X

—_ = —
* ¥ D,

aC v, oC R 9C
TR A (8)
D. dy D, ot
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Metdéda dualnej reciprocity bola odvodena pre rieSenie
Poissonovej rovnice iba pomocou okrajovych prvkov. Uvazujme
rovnicu v tvare

AC=b %)
Pravu stranu rov. (9) mozeme aproximovat v tvare

N+L

b=> a.f (10)

kde N je pocCet uzlov na okraji oblasti a L je poCet vnitornych
bodov v rieSenej oblasti. ¢; je mnoZina neznamych koefici-
entov a f; su aproximaéné funkcie. Zakladnd myslienka
DRM je pouzit pre rieSenie superpoziciu partikularnych
rieSeni riadiacej rovnice. PoCet tychto rieSeni sa rovna cel-
kovému poctu uzlov v oblasti. MéZeme pisat

(11)

kde é,- je mnozina partikularnych rieseni rov. (9). Ak dosadime
rov. (11) do (10) a (9), dostaneme

N+L

AC=> a(AC) (12)
i=1

Teraz mozeme pouzif opit rieSenie obdobné metode hranic-
nych prvkov na rov. (12) (Patridge, 1992) a dostaneme

N+L

c+f—CdF fcb*—dr Za

MnozZinu aproximacnych funkcii f; moZeme zvolif napr.
v tvare konecného radu

fisl+rn+rn+rn+ ... +r7 (14)
Potom mnozina partikularnych rieSeni ma tvar
m k+2
kZo (k +2)° (15)

a ich derivacia podla vonkajSej normaly sa moze vyjadrit ako

A

dC; _ on i r
Jv k=0 k+2

Jov

(16)
Ak mame dané hodnoty b v rov.(10) v N+ L bodoch, mo6zeme
stanovit nezname koeficienty e, v rov. (13) ako

a=F'.p (17)

The double reciprocity method has been used to derive
a boundary-only solution of the Poisson’s equation

AC=b 9
The right side of eq.(9) can be approximated as

N+L

b:z ;. f;

i=1

(10)

where N is the number of boundary nodes and L is the number of
internal nodes in the area of interest. The «; are a set of
initially unknown coefficients and the f; are approximat-
ing functions. The basic idea of the DRM is a superpo-
sition of localized particular solutions of the governing
equation. The number of these solutions are equal to the
total number of nodes in the problem and we can write
AC = f (11)
where CA‘,-is the set of particular solutions of eq. (9). If we substi-
tute eq. (11) to (10) and (9) we get

N+L

AC=> a(AC) (12)
i=1

Now we can apply the BEM solution of the eq.(12) (see
Patridge, 1992) and we can write
a N
dF

(e
The set of approximating functions f; can be chosen e.g. as the

(13)

series
fi=l+rn+r2+r+ .+ (14)
Then the set of particular solutions has the following form
m k+2
15
Z‘ (k +2)° (15
and the normal derivative can be written as
aCA‘,- _ar i r (16)
Jv ov k=0 k+2

If we have defined the values of b in eq.(10) in N+ L points,
we can determine the unknown coefficients «; in the eq. (13) as

a=F ' b (17)
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kde sme oznagili F~! inverznii maticu k matici aproximag-

nych funkeii f;. Ak pouzijeme maticové oznacenie, moZeme rov.
(13) pisat v tvare
(H.C—G.Q).F b

HC-G.0= (18)

Prava strana rov. (8) je sucet troch roznych ¢lenov b,, b, a b5,
kde

R aC
D, ot

v, oC v, oC

b b =
1Dax 2Day }

(19)

Teraz mdZeme pouZit rovnaky postup na konvektivne ¢leny b,
a b,. Rov. (17) moZeme teraz pisat ako

N+L aC

Z (20)

=1

a rov. (18) ma tvar

Vx A A -1 aC
H.C-G.Q=2"(H.C-G.0).F ' = @1

ox

X

Ak vyjadrime derivaciu C ako funkciu hodnét C v uzloch (see
Partridge, 1992) v tvare

8_C E Fl.C (22)
ox  ox
potom rov. (21) mdzeme pisat ako
(H-4).C—-G.0=0
kde sme oznacili
A —1 Vx aF —1
A=MH.C-G.Q) F ' -—-—"F (23)
D, ox

Rovnaky postup pouZijeme na ¢len b,. Potom matica 4 sa
moze vyjadrit ako

. E-6. 0y [ T OF) g
D, ox D, dy

Ked' aplikujeme DRM na posledny €len b3, rov. (23) bude
mat nasledujtci tvar
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where we denoted F ™! the inverse matrix to the matrix of the
set of approximating functions f;. If we now use the matrix
notation we can express the eq. (13) in the form

H.C-G.Q=H.C-G.Q0).F b (18)

The right side of eq. (8) is the sum of three different terms b,
b, and b5, where

b R aC (19)
3T D, o

VaC
Dax

Y, ¢

b
v D, oy

b, =

Now we can apply the same procedure to the advective terms
b, and b,. We can write eq.(17) as

VN+L 8C
= F! 20
Q D\_;l e (20)
and eq. (18) has the form
Vx A A —1 aC
HC-G6G.Q=—H.C-G.Q).F -— (21)
D, 9%

If we express the derivative of C as a function of values C at
nodes (see Partridge, 1992) in the form

a—C E F7l.c (22)
ox  ox
then the eq.(21) can be written as
(H-4).C—G.0=0
where matrix A is
A=H.C-G.0)- FI-L E'r' (23)
D, ox

The same procedure will now be used in case of the term b,. Then
the matrix A can be expressed as the sum of two terms b, and b,

— . E-6. 0y p (L 2L OB
' ' Q I D, oy

When we apply the DRM procedure to the last term b3,
eq.(23) will have the following form

aoC aC
(HA)CGQBB_I 25) (HA)CGQBE (25)
kde matica B je where matrix B is
R ~ ~ o R A ~ .
B=D—(H.C—G.Q)-F (26) B=D—(H.C—G.Q)-F (26)
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Rov. (25) je sustava linearnych diferencialnych rovnic, ktoru
mozZeme rieSif pomocou niektorej Standardnej schémy priamej
integracie. Najjednoduchsia je schéma dvoch po sebe nasleduju-
cich ¢asovych krokov. Zmenu C a Q v rozsahu kazdého casového
kroku mozeme vyjadrit v tvare

c=(1-0).c'+06,.c"!

0=(1-6p.0'+6,.0™ 27

kde ©, a O, su parametre, ktoré uréuji polohu hodnot
C a Q medzi dvoma ¢asovymi krokmi i a i+ 1. Po dosadeni
rov.(27) do rov. (25) dostaneme

At

The eq. (25) is the set of linear differential equations which
can be solved by any standard direct time-integration scheme. The
simplest one is the two-level time integration scheme. The
variation of C and @ within each time step can be expressed in the
form

c=(1-0).c+0,.c"!

0=(1-6p.0'+6,.0™" 27

where O, and OQ are parameters which position the values C and
0 between time intervals i and i+ 1. Substituting eq.(27)
to eq.(25) yields

<LB+ 6C.(H—A)> €' -0,.6.0"" = (il}—(l —6(,).(H—A)> C'+(1+6y.6G.0 (28)

/ The river Hron

Obr. 1 Siet hranicnych prvkov
Fig. 1 The Boundary Element Net

Pravu strana rov. (28) v okamihu i+1 pozname a potom je rov.
(28) sustava linearnych rovnic, ktori mozeme v kazdom casovom
okamihu riesit.

Priklad riesenia pomocou metody
nahodnej prechadzky

Prikladom je model sanacie podzemnej vody na lokalite
byvalej vojenskej leteckej zakladne na strednom Slovensku. Na
tejto lokalite je rozsiahle znecistenie, sposobené roznymi zdrojmi.
Prevazne sa jedna o ropné latky, Ciastocne plavajuce vo forme fazy
na hladine podzemnej vody a Ciasto¢ne rozpustené. Pre ich zachy-

The right side of eq.(28) is known at time i+1 and the eq.(28)
is the set of linear equations which can be solved at each time
step.

Example of random-walk
solution

As an example it is possible to present the model of
a groundwater remediation of the former military airbase in
central Slovakia. There is large pollution caused from different
sources. There are mainly oil hydrocarbons, partly flowing on the
groundwater level, partly soluted in the groundwater. Groups of
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tenie a zaroven pre zabranenie priesaku do rieky Hron sa navrhla
sustava infiltracnych a zachytnych drénov.
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infiltration and catch drains have been suggested to protect the
groundwater and also to prevent infiltration into the river Hron.

Groundwater flow directior

<t—

Obr. 2 Izolinie hladin podzemnej vody
Fig. 2 Contours of groundwater level

Cielom modelovania bolo posudenie spravnosti funkcie
navrhnutych drénov. Obr. 1 ukazuje sief hrani¢nych prvkov
v prvej Casti skimanej oblasti, obr. 2 potom ukazuje izolinie vypo-
Citanej urovne hladiny. ZneCistenie je prenasané podzemnou
vodou z pocCiatoénej znecistenej oblasti (obr.1) do blizkosti zachyt-
ného drénu. Vysledky modelu ukazuju, ze v tomto pripade sa zne-
Cistenie rozdelilo na dve hlavné casti. Prva bola zachytena
drénom, ale druha pokracovala v prudeni smerom do rieky Hron
(obr. 3). Tento vysledok modelu potom bol premietnuty do zmeny
projektu a umiestnenie drénov bolo zmenené tak, aby bolo zachy-
tené celé znecistenie.

\ / /

Parti c{ém@ved by drain /
. /

The aim of modeling has been to asses the right placement of
these drains. Fig.1 shows the net of boundary elements in the first
part of surveyed area, Fig.2 then shows contours of the computed
groundwater level. The pollutant is transported by the
groundwater from the initial area (see Fig.1) to the catch drain.
Results of this mathematical model show that the pollution is
divided into two main parts. The first part is caught by the drain,
the other one flows toward the river Hron (see Fig.3). This result
of the mathematical model has caused the change of the project
and the placement of drains has been corrected to catch the whole
pollution.

v / This part of pollution missed the drain .

= N

Obr. 3 Castice po 3 rokoch
Fig. 3 Cloud of particles after 3 years
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Priklady DRM riesenia

Pocitacovy program DISDRM bol zostaveny na zaklade uz
uvedenych rovnic a pomocou tohto programu bolo vyriesenych
niekol’ko prikladov. Tak ako vsetky nové metody, bola aj DRM
najskor testovana na subore jednoduchych vyrieSenych prikladov.
Jednym z nich je jednorozmerny pripad hydrodynamickej disper-
zie, rieSeny beZne v literature (Bear, 1972). Tento problém bol
rieseny v oblasti v tvare obdiZznika o rozmeroch 10 x 1 meter, ktory
bol rozdeleny na 22 okrajovych prvkov a mal 3 vnutorné body. Pre
rieSenie sa pouzilo 5 Easovych krokov o dizke A7 = 1 s. Vysledné
hodnoty a ich porovnanie s analytickym rieSenim je na obr. 4.

Examples of DRM solution

The computer program DISDRM has been prepared
according the aforementioned equations and some examples have
been solved. Like any other new developed method the DRM is
first tested on the set of well-known examples. One of them is the
one-dimensional case of hydrodynamic dispersion (see e.g. Bear,
1972,). The problem has been solved on the strip area 10x1m,
which has been divided to 22 boundary elements and 3 internal
nodes. Only five time steps with Az = 1 s has been used. The
results and the comparison with analytical solution can be seen on
Fig. 4.

1
0.9
0.8 - o t=1s
0.7 + O t=3s
t=5s
06+ A _
— t=1s, analytical
0.5 + ——t=3s, analytical
04 1+ — t=5s, analytical
0.3 +
0.2 +
0.1 +
0 ‘ ‘ ; — N
0 2 4 6 8 10

Obr. 4 Priebeh koncentrdcie v jednorozmernom modeli
Fig. 4 Variation of C along x-axis

Dalsi priklad je model

The other test example is

prenosu znec€istenia v podzem-
nej vode z cCerpacej stanice
pohonnych hmét na juznom

N . Boundary elements

—

a model of the groundwater
pollution from the gas-filling
station in south Slovakia. There

Slovensku. Ide o §irenie sa roz-
pustené¢ho znecistenia z jedné- o o
ho zdroja. Tento priklad je
velmi vhodny pre testovanie,
pretoZe hydrogeologické pome- R
ry su velmi jednoduché. Obr. 5
ukazuje siet prvkov, pouzitu pre
rieSenie tohto problému. Zne-
Cistena oblast je vytvorena vnu-
tornymi prvkami a cela oblast
je rozdelena do niekol’kych zon.

Rychlost prudenia pod-
zemnej vody je 5,2-10°°8
m.s” !, koeficienty disperzivity
st a; = 5m, ap = 1m, sorpcia
bola v tomto rieSeni zanedbana.
Vysledky Sirenia znecistenej
vody su na obr. 6 a 7 pre Cas 10
a 20 rokov.

o

*~_Internal points °

Obr. 5 DRM siet
Fig. 5 DRM discretization

is concentrated dissolved oil
pollution from one source. It is
a good test example because
the hydrogeological properties
. are very simple. Fig. 5 shows
the mesh used to solve this
transport problem. The pollut-
ed area is created by internal
elements and the whole area is
divided into several zones.

The velocity of the ground-
water flow is 5.2 - 10”8 m.s™!,
the dispersivity coefficients
a; =5 m, ap = 1 m, adsorp-
tion has been neglected. The
results of spreading of the pol-
luted water is on the Fig. 6 and
Fig. 7 for the time 10 and 20
years respectively.

Polluted area
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Casticové metody pre rieSenie transportu by mali byt vzdy
spojené s matematickym modelom prudenia. Metoda hrani¢nych
prvkov je pre tento ucel velmi vhodna, pretoze umoznuje vypocet
rychlosti prudenia v [ubovolnom bode oblasti. Iny spdsob vytvo-
renia numerického modelu transportného javu je spojenie metody
hrani¢nych prvkov s DRM. Tento spdsob sa tiez ukazuje byt velmi
ucinny pre rieSenie disperznej rovnice. Metoda sa ukazuje byt
velmi stabilna a pouzité ¢asové kroky mozu byt velké a pritom
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Conclusions

The particle tracking method should always be connected
with the numerical model of the groundwater flow. The boundary
elements method seems to be very feasible because the velocity of
flow can be computed in an arbitrary point of the domain. The
other way to prepare a numerical model of transport phenomena
is the connection of the boundary elements and dual reciprocity
method. It seems to be also very useful to solve the dispersion
equation. This method seems to be very stable and the used time

Obr. 6 Izolinie pomernej koncentrdcie po 10 rokoch
Fig. 6 Contours of concentration after 10 years

2

'(‘. SR
1IN
\

1\)\
WL

Obr. 7 Izolinie pomernej koncentrdcie po 20 rokoch
Fig. 7 Contours of concentration after 20 years
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nevznikaju Ziadne oscilacie, zvy¢ajné u ostatnych metdd. Tato
metoda moze byt v buducnosti jednoducho doplnena aj o riesenie
radioaktivneho alebo chemického rozpadu spolu s niektorymi
druhmi sorpcie latky.

Recenzenti: 1. Kazda, M. Slivovsky
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RIESENIE KRIZOVYCH SITUACII 2000

Fakulta $pecialneho inZinierstva Zilinskej univerzity, v spolupraci
s Ministerstvom hospodarstva Slovenskej republiky, organizuje v diioch
24. - 25. maja 2000 V. medzinarodni vedecku konferenciu venovanu rie-
Seniu krizovych situacii v $pecifickom prostredi.
Konferencia bude prebiehat v plenarnom zasadnuti a v troch sekciach:
Sekcia ¢. 1: RieSenie krizovych situacii verejnou spravou,
Sekcia €. 2: Informac¢né systémy v Zivotnom prostredi,
Sekcia ¢. 3: Vyuzitie zdrojov hospodarskej mobilizacie v krizovych

situdciach.
Konferencia sa uskutoéni v priestoroch Zilinskej univerzity.

Vsetkych zaujemcov srdene pozyvame.

CRISES SITUATIONS SOLUTION 2000

The Faculty of Special Engineering of the University of Zilina in
cooperation with the Ministry of Economy of the Slovak Republic is
organising from 24 - 25 May 2000 the Fifth International Scientific
Conference devoted to crises situations solution in specific environment.

The conference will take place in plenary meeting and in three sections:

Section No. 1: Crises situations through public administrative authorities.

Section No. 2: Information systems in life environment.

Section No. 3: Utilisation of material mobilisation sources in crises
situations.

The conference will be held in the area of the University of Zilina.

All who are interested are cordially invited.

Sekretariat konferencie:
Zilinska univerzita - Fakulta $pecialneho inZinierstva

Secretary of the conference:
University of Zilina - Faculty of Special Engineering

RSDr. Ladislav HerSic, CSc.
Ul. 1.maja 32, B-27, SK-01001 Zilina, SLOVAKIA, Tel.: ++421-89-7633320, ex. 240, Fax: ++421-89-7234972, E-mail: vf@fsi.utc.sk
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NIEKTORE PRVKY OPTIMALIZACIE
PODZEMNYCH TESNIACICH STIEN ZIVICAMI

SOME OPTIMIZATION ASPECTS OF UNDERGROUND GROUTING WALLS BY RESINS

Predmetom prispevku je predlozenie niektorych aspektov prvkov optimalizdcie (dolezitych pre projekcénii ¢innost) pri budovani podzemnych
tesniacich stien (PTIS) pomocou injektdze na bdze Zivic. Autor uvddza niektoré skiisenosti s budovanim PTIS na skldadke RSTO Duslo, a.s.
Sala, vo fize experimentdlnej. Sicastou je tiez otdzka aplikdcie moznych kontrolnych metod pocas vystavby PTIS.

Matter of this contribution is presentation of some optimization aspects by constructing of UGW's, on the base of injection by resins. The
author presents some experience of UGW construction in experimental stage on waste dump RSTO Duslo, a.s. Sala (SR). Simultaneously, is also
important to develop methods quality checking during UGW construction and during next monitoring, when UGW will be fully in action. In this

contribution some methods could be found.

Foreword

At present, we will observe construction of underground
grouting walls (UGW) for deep foundation of objects, reclamation
of waste dumps, etc. Their significance is mainly in the
fortification of fundaments, or build up of isolating bar against
underground water flow, alt. dispraise these a.m.

From a technical and economical point of view, the UGW
constructed by building chemistry agents application has a number
of facilities on the contrary to the classical UGW (e.g. hollowed
mud - cement UGW, etc.); namely, higher corrosion resistance,
lower expense, non-challenge of working area, quantity of excavated
and highly contaminated soils, etc. This trend is comparable to both
our experience and foreign experience. At present, the CSN and
STN standards don’t define their carrying out and quality control.
Newly prepared European Standard CEN WG 8 (according to
issued standards for anchorage, micropiles, etc.) is fully filling up
this legislative gap. From our experience, we can define some
elements which have to be an accepted phase of the advance project
stage for high quality of UGW’s. Definition of the ways for checking
and controlling IGW’s quality is also important from time point of
view. We must account that the properties of UGW’s (esp. for resin)
will arrive the full sealing effects in underground geological
conditions in longer time (one year or more).

Procedure for UGW project

As a first stage of UGW project is geological prospection
works and laboratory analyses, to obtain the basical physical and

* Ing. Jaroslav Broul, CSc.,

mechanical properties of soils (background), to check underlay,
chemical properties of ground water, velocity and direction of
flow incl. changes in horizontal and vertical directions. The
second stage contains the laboratory tests for study of isolating
properties of applied mass, incl. temperature and viscosity. As
a third stage is necessary to carry out the model tests in triaxial
cell, for modelling of injection technology in bigger scale than in
lab (pumping pressure, radius of injected area, etc.). The all
results have to be verified at worksite (workplace), on small
experimental UGW section. The size of this experimental UGW
section is not limited (the size depends on the total number of
injected holes and distance between them, e.g. 1 %). The
experimental UGW section is closed, in circle or square form. The
section contains observing holes and observating wells for
pumping tests. This system allows the pumping tests between
inner and outer wells, for determination of filtration coeff., before
and after injection works. The mode of pumping tests must to be
proportional to the flow of ground water, according to given
geological conditions.

The project of works contains the technological procedure
in details (e.g. quantity of materials for injection, pressure
of injection at maximum, radius of injection around the hole,
etc.).

The radius of injection is possible to calculate by addapted
Maag’s formula:

'VSB - TU Ostrava, ul. L. Podeste 1875, CZ-708 00 Ostrava-Poruba, Czech Republic
Phone: +420-69-699 13 15, Fax: +420-69-695 49 90, e-mail: jaroslav.broul@vsb.cz
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0.5
R= 2 K H )
L L+ (L”—4r) Ry
2 305 " In-
(L™ — 4r,) 2r,

where: R radius of injected area (m), removed. In these places, the oil substances can be indicated.

L length of hole (m), Filtration coeff. are X. 107* — X. 10> m . sec” ",
r, halfdiameter of hole (m), The UGW as a continuous vertical wall around the waste
k,, soil filtration coeff. for resin (m.sec™ ), dump is projected. For higher safety, 10 — 12 pumping wells in
t time of injection (sec), inner side will be drilled and cased. The project calculates with
H pressure height (pressure of inj. in m), vibrating and casing of holes (depth 13 — 15 m, 0.5 m fastly to the
n,, effectiveness porosity. clay bottom) by steel tubes O. D. 48 mm/4 mm, perforated 4 20 cm
(the total length of perforation is 10 m), distance between holes is
For k,, coeff. calculation is formula: 1 m. Injection of hole from bottom to the top (2 stages) by
polyuretan (PUR) type 3P of Hungarian provenience, or Bevedan -

K, =k % : % (2) | Bevedol WF of German provenience.
D v

where: 1, water dynamic viscosity (mPa.sec),
X, Water density (g.cm™d),
7, resin dynamic viscosity (mPa.sec),
X, resin density (g.cm-3; pract. 1.10(1.80 gem )
k, filtration coeff.of soils in situ (m.sec™ ).

The consumption of resin by injection according to CSN Std.
(see [5], [8]) formula is calculated:
O=a,.ay,.a;.n.V (3)
where: Q resin quantity (m3),
a, resin enlarge coeff. (practically 1.1 - 1.4)
a, pressure displacement coeff. (water by resin, 1.2 - 1.4),
a; porous filling coeff. (0.4 - 0.7),
n  soil porosity,
¥ theoretical soil volume for injection (m?).

The theoretical results and practical results (testing section of
UGW) have to be continuously compared.

Some experience of UGW construction.

As a specimen of UGW construction, it is possible to show
the situation in the waste dump RSTO Duslo, a. s. Sala (south
Slovakia). At this time, the waste dump is under reconstruction.
The waste dump near the river Vah was in action by chemical
works for a long time. The waste dump is squared large, app. 30 ha.

The geological conditions are very complicated. Continuous
jointing layer is at the depth 13 — 15 m, jointing interlayer is at
depth 7 m on some places only. The soils are watery sands and
gravels, quarter and neogen periods. The flow of underground
water is from north to south, the average flow velocity is 5 cm/day.
In observation wells around the waste dump, there are higher
concentrations of salts, hard metals, etc. Previously the 3 m
thickness of clay as an upperlayer of waste dump has been partly

Injection works are carry out through packers ANKRA
(Czech construction) up 3 MPa pressure at maximum. In given
geological conditions, this value of pressure sinks the danger of
“clacage” (see Fig. 3 - down). The injection radius is 55 cm, acc.
calculation by Maag’s formula (see (5)).

The quantity of PUR is 70 — 80 kg/hole, calculated by
formula (2). Foaming in situ is 7 — 8 x (increasing of material
volume). Before injection works, the hole has to be clean up to the
total depth, as the same as both neighbouring ones.

The filtration coeff. in range X . 107% — X . 10™° m. sec™ !,
from laboratory tests on samples has been determined.

There is a situation (lay down) of the experimental UGW
section where holes No. 11 - 16 are parts of UGW waste dump on
Fig. 1.

On Fig. 2 there is a situation (cross section) after injection
works of one half experimental UGW section.

The pumping test shows filtration coeff. in range X . 107> —
X.10" % msec™ .

After total injection of experimental UGW section is
executed, we obtain a filtration coeff. in the range X . 107°°—X.
10~ 7 m.sec™ . This value is sufficient for tightness of UGW in situ.
In the future when UGW will be in full action, tightness embodies
higher values. This is proportional to the foreign experience

(see [S]).

Conclusion

For the high UGW’s quality, we can define the principles as
following.

1. In details, to evaluate the results of geological and
hydrological prospection acc. stages (see [1]).

2. In details, to evaluate the results of laboratory and model tests
(triaxial cell) and start put down starting he technological
procedures for experimental UGW section. The calculation of
material quantity, injection radius, etc., alt. exploitation of
inertial materials - muds (see [5], [6], [10]) is possible.

3. To define precisely the number of injection stages and
pressures at maximum.
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SITUATION OF EXPERIMENTAL UGW SECTION

(Waste dump RSTO, a.s. Sala, SR)

16 15 14 13 12 11
o (o} (o} o) (o} o}
17 O N o 10
HV2 18 © HV1 PV2 0o 9 PV1
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PV1, PV2 - observating holes
HV1, HV2 - observating wells
1-20 - injektions holes

Fig. 1

INJECTION OF EXPERIMENTAL UDW SECTION SALA
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Water level

Depth of holes (13 m)
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|
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[ Resin + sand ] water L] Free space
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THE FLAT LAY - DOWN OF NATURAL ELECTRICAL FIELD
OF UGW SURROUDING AREA

Situation before building up of UGW

s e e s

0

filtration potencials (mV)

Situation after building up of UGW

Line of UGV

i

4848 44 43 40 - 36,2433 30 70 36 26 22 10 A8 1884 12 10 9 ; 4207468 2
natural elektrical field (mV)

Fig. 3
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With this connection it is very favourable to apply retrievable
packers (repair works in hole).

To document each hole (work sheet) for vibrating, casing,
injection pressure, material consumption (flowmeter, accurate
balance, etc.).

This working sheet has to be verified by a supervisor daily.
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To apply geophysical methods (VES, SP and MEPNI) in the
course of UGW realisation (see Fig. 3, [3], [7], [9]). The
methods in controversial cases by dynamic penetration test
could be added.

These principles are in brief form, however, they are valid for

5. For checking of experimental UGW section tightness quality | the whole number of UGW injections.
and to carry out the pumping tests (the mode has to be
proportional to geological conditions in a given area),

Reviewed by: I Kazda, N. Giang
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KLASICKE A NOVE METODY DIAGNOSTIKOVANIA PODNIKU

CLASSICAL AND RECENT METHODS OF ENTERPRISE DIAGNOSTICS

Cldnok sa zaoberd klasickymi ako aj modernymi metédami dia-
gnostikovania, ktoré mozZu byt pouZité pri diagnostikovani podniku.
Okrem zdkladnych pojmov su tu definované tiez vztahy diagnostiky
k analyze, controllingu a konecne aj ku informacnym systémom.
Aplikdcia metod a technik diagnostikovania je analyzovand vo vztahu
k vonkajsiemu ako aj vaiitornému prostrediu.

Zakladné pojmy

Uvodom je potrebné vymedzit zdkladné pojmy, ktoré sa vzta-
huju k diagnostike. V podstate termin diagnéza - z gréckeho
zakladu ,dia“ = skrz a ,gnosis” = poznanie - predstavuje poznanie
skrz naskrz, ¢o teda moze byt v prenesenom vyzname rozpozna-
nie javov a procesov, pripadne zistenie ¢i urCenie stavov javov a pro-
cesov.

Dalsi klucovy pojem je diagnostika, ktora je veobecne defi-
novand ako nauka o poznavani javov a procesov, ktora vyuziva
svoje metody a techniky k naplneniu cielov poznavania.

Od tychto zakladnych pojmov su odvodené pojmy, ako je dia-
gnostikovat, t. j. poznavat, pripadne urcit (stanovit, zistit) diag-
nozu a pojem diagnostikovanie, ako proces poznavania. Z tychto
vSeobecne platnych definicii sa odvodzuju pojmy diagnostiky
podla ucelu, ku ktorému diagnoza sluzi. NajcastejSie sa uplatauju
tieto pojmy v medicine. V ostatnom obdobi maju vsak stale Sirsie
uplatnenie aj v inych odboroch, kde sa ich obsah prispésobuje
odvetvovému zameraniu, napr. podnikovd diagnostika v konkrét-
nych odvetviach a odboroch, pripadne podla konkrétneho zame-
rania, ako je to pri ftechnickej ¢i technologickej a ekonomickej
diagnostike. Tymto vSak pojmova oblast nie je uzatvorena. Ide
o oblast celého radu dalSich pojmov, ktoré su viac-menej v pred-
chadzajucej skupine konkrétnych diagnostik Strukturované na
zaklade konkrétneho zamerania diagnostiky. Napr. diagnostika
marketingu, diagnostika stratégie, diagnostika bonity podniku, dia-
gnostika financného zdravia podniku, diagnostika podnikovej logis-
tiky, diagnostika akosti a diagnostika ludskych zdrojov.

* Doc. Ing. Ondrej Bucek, CSc., PhDr. Milada Buckova, CSc.

This article deals with both classical and more recent methods of
diagnostics which may be used when making diagnostics of enterprise.
Besides the basic terms there is defined also the relation of the
diagnostics toward the analysis, controlling and finally to the
information systems. The application of methods and techniques of
diagnostics is analysed in relation to the evaluation of both external as
well as internal factors.

Basic Terms

In the introduction it is necessary to define the basic terms
related to the diagnostics .Basically the term diagnosis originates
from the Greek basis “dia” = through and “gnosis“ = knowledge
denoting the thorough knowledge which might metaphorically
mean the distinguishing of the phenomena and processes,
respectively the determination and defining of the state of the
phenomena and processes.

The next key term is diagnostics, which might be generally
defined as a science of recognising phenomena and processes using
its methods and techniques to fulfil the objectives of the process
of recognition.

From these basic terms further terms are derived, such as to
diagnose, i.e. to recognise, respectively to determine (designate)
the diagnosis and the term determination of diagnosis as the
process of recognition. From these generally valid definitions the
more exact terms of diagnostics are derived according to the final
purpose of each diagnosis. These terms are most often applied in
medicine. However, recently these terms are applied more widely
in other fields of study as well, where their content is adapted to
the branch orientation, as e.g. enterprise diagnostics in specific
branches and fields of study or, if need be, in harmony with the
concrete orientation as it may be in technical or technological and
economic diagnostics. However, this does not mean closing the
area of this term. The question of a whole range of further terms
which are more or less in the previous group of concrete
diagnoses structured on the basis of the concrete orientation of
the diagnostics. Thus, it is the matter of marketing diagnostics,
strategy diagnostics, diagnostics of the enterprise financial standing,
diagnostics of the financial stability of the enterprise, diagnostics of
the logistics of the enterprise, diagnostics of quality, diagnostics of
human sources.
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Vztah diagnostiky k ,,rozborom® a ku controllingu

Ako prvé je potrebné spomenut vztah diagnostiky k rozboru.
Casto sa nespravne uvadza, Ze rozbor je totozny s analyzou, ¢o
vsak nie je uplne spravne, pretoZe analyza je prva ¢ast rozboru, na
ktoru nadvdzuje syntéza, presnejsie sithrn navrhovanych opatreni
a krokov, ktoré maju analyzou zistené javy a procesy usmernit pre
dosiahnutie cielov vytyCenych stratégiou, planmi ¢i programami.
Nasledne na rozbor nadvdzuje cinnost controllingu, ktorého
zakladné ulohy spocivaju v:

o identifikacii moznych rizik a prilezitosti,
e definovani alternativ a v nich moZnych variantov rieSeni,
o informovani o dosiahnutych vysledkoch.

Z predchadzajuceho vyplyva, Ze rozbor by mal byt uskutoc-
novany prostrednictvom utvarov controllingu, ktorého zakladnou
ulohou je pomdhat podnikovému manazmentu pri riaden.

Vztah diagnostiky k rozborom a ku controllingu je definovany
tak, ze metody diagnostiky st sucastou metod rozborov s presnym
vymedzenim a cielom, pricom diagnostiku méze uskutoc¢novat
nielen utvar controllingu, ale aj iny nezavisly organ, napr. diag-
nosticky ustav. Z tohto ponimania vyplyva, zZe controlling moze
pouzivat diagnostické metddy tak, aby neustale podaval informa-
cie, navrhy rieSeni pre proces rozhodovania, ktoré uskutocnuje
manazment a naopak, nezavislé organy napr. diagnostického
ustavu viac-menej napomahaju rozhodovaniu na zaklade diagnos-
tického poznania ,od pripadu k pripadu*, to znamena napomaha-
nie k diskrétnemu riadeniu javov a procesov.

Metody a techniky diagnostikovania

Metody, ktoré je mozné pouzit pri diagnostikovani, sa delia
v podstate na:

o kiasicke:
e metody porovnavania
e metody hodnotenia dynamiky ukazovatelov pomocou
sustavy nerovnosti (napr. normalové nerovnosti, vymedzenie
normality javov a procesov)
metody faktorového rozboru
metddy kauzalneho rozboru
metody Casového rozboru
metody optimalizacné a racionaliza¢né
metody matematické a Statistické
metody modelového rozboru

® nové pre hodnotenie vonkajsieho prostredia, ako su:
metdda STEP pre ohodnotenie vonkajsieho prostredia
porterov model analyzy konkurencie v odvetvi
analyza ekonomickych charakteristik odvetvi

analyza hybnych sil v odvetvi

tvorba strategickej mapy

analyza konkurencie

KOMNIKOCIe
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Relation of Diagnostics to “Investigations“ and Controlling

First, it is necessary to specify the relation of the diagnostics to
the investigation. It is not correct, though often introduced, to
identify the investigation with the analysis as the analysis is the first
part of an investigation followed by the synthesis, which is more
exactly expressed as a complex of proposed measurements and
steps which are supposed to regulate the phenomena and processes
ascertained by the analysis for the reaching of objectives laid out by
the strategy, plans or programmes. Next, the investigation is being
followed by the controlling activity. Its basic assessments include:
o identification of possible risks and opportunities,

o definition of alternatives and possible variants of solutions,
o information of the achieved results.

The previous objectives result in the fact that the investigation
should be put in force by means of the departments of controlling,
the basic assignment of which should be to help the enterprise
management to control.

The relation of the diagnostics to the investigation and to the
controlling is defined so that the methods of diagnostics may be at
the same time components of the methods of investigation with an
exact specification and objective taking into account the fact that
the diagnosis might be performed not only by the department of
controlling but also by other independent body, e. g. an institute for
diagnostics. This will result in such an application of diagnostic
methods by the controlling that it may continuously supply infor-
mation and proposals of solutions for the decision process perfor-
med by the management and vice versa the independent body of the
institute for diagnostics might contribute more or less in making
decisions on the basis of the diagnostic knowledge ‘as the case may
be‘, which means a contribution to a discrete management of phe-
nomena and processes.

Methods and Techniques of Diagnosing

The methods which may be applied for the diagnosing can be

basically divided into:
o classical:

e comparative method

e method of evaluation of dynamics of the indicators by
means of the system of disparity (e.g. normal disparity,
surveying of normality of the phenomena and processes)
factor investigation method
causality investigation method
time investigation method
optimisation and rationalisation method
mathematical and statistical method
model analysis method.
® new methods for the evaluation of external factors, such as:
method STEP for the evaluation of external factors
porter’s model of the analysis of branch competition
investigation of the branch economic characteristics
investigation of the branch development stimuli
development of strategic map
competition analysis
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® nové pre hodnotenie vniitorného prostredia, ako su:

e evaluacia doterajsej stratégie

e analyza jednotlivych oblasti stratégie (vyroby, financovania,
marketingu, personalistiky a pod.)

e analyza exponovanosti (posudenie silnych a slabych
stranok)

e tvorba portf6lia analyz

e analyza konkurencie-schopnosti

o SWOT - analyza - prehlad vztahov medzi vnutornou silou
a slabostou ku prilezitostiam a ohrozeniam.

Existuje aj cely rad metod, ktoré nie je mozné priamo priradit
k metédam hodnotenia vonkajSieho ¢i vnutorného prostredia.
Takouto skupinou metdd su metddy diagnostickej misie, najma:

e metody EKOS-EDAROC, t. j. expertna diagnosticka analyza
odborov a ¢innosti

e diagnostické BM tabulky s oznafenim PD-EKOS-DBMT,
pripadne

o diagnostické DM diagramy s oznacenim PD-EKOS-DDMD,
napr. hviezdicovy diagram (graficky zaznam informacii
v diagnostickych tabul'kach)

e diagnoza filozofie podnikania, identity a integrity firmy
s oznaCenim PD-EKOS-DFII

e test vizie (invencie) podnikania firmy

o rychly test filozofie firmy - predbezna diagnoza strategického
potencialu (PD-ZMILL-PO)

V tomto obdobi uplatnenie tych - ktorych metod zavisi aj od
faktorov: software, hardware, bookware, peopleware a orgware.
Pouzitie jednotlivych metod je teda determinované nielen tech-
nickym zabezpeCenim pocitacovou technikou, ale aj programo-
vym vybavenim, uzivatelskymi priruckami (bookware), pouzitim
podnikatelskych modelov v procese riadenia podnikatelskych
aktivit (peopleware), ¢i nakoniec vyuzivanim takych spdsobov ria-
denia, aby sa robili dobré veci dobrym sposobom (t. j. orgware).
V ramci tejto skupiny je znamy cely rad metod, ktoré su prisposo-
bené konkrétnemu cielu v urcitych oblastiach, podnikoch, rezor-
toch i Specifikam jednotlivych krajin. Tieto metody nenesu
oznacenie prevazne podla podniku, podla ciela, ale podla modelu
(napr. simula¢né metody).

Okrem uvedeného triedenia metdd existuju aj iné skupiny
metod, ktoré su uplatiované aj v oblasti diagnostiky. Skor ide
o metddy, ktoré sa odliSuju sposobom pouZzitia. Tieto metody
mozu byt nielen klasické, ale aj novsie. Ide napr. o:

metody grafické,

metody dedukcie a indukcie,

metody analdgie,

pripadne - rozne druhy metdd prognostiky.

Metody grafické maju teraz Siroké uplatnenie v kombinacii uz
so spominanymi metodami diagnostickej misie, ¢i metodami
modelového rozboru a maju svoj vyznam v sprehladneni roznych
foriem zamerani rozborov. Ide teda o zameranie predovSetkym
klasifikacnych, vztahovych, kauzalnych, pripadne dialektickych
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® new methods for the evaluation of internal factors, such as:

e evaluation of present strategy

e analysis of different parts of the strategy (production,
financing, marketing, human sources etc.)
assessment analysis (evaluation of week and strong sides)
development of portfolio of investigations
investigation of competition possibilities of the enterprise
SWOT - investigation of the survey of internal strengths and
weaknesses in relation to the opportunities and threats.

There do exist further methods which cannot be directly
related to the methods of internal or external factors. Let us int-
roduce the following methods of the diagnostic mission, especially:
e method EKOS-EDAROC, i.e. Expert Diagnostic Analysis of
Branches and Activities

e diagnostic BM tables marked PD-EKOS-DBMT, or if need be

o diagnostic DM diagrams, marked PD-EKOS-DDMD, e.g. the
star diagram (graphical representation of information in
diagnostic tables)

e diagnosis of the entrepreneur philosophy, identity and integrity
of an enterprise marked PD-EKOSD-DFII

e test of vision (invention) of the enterprise entrepreneur
activities

e quick test of the enterprise philosophy - anticipatory diagnosis
of the strategic potential (PD-ZMILL-PO)

Nowadays the application of concrete methods depends also on
software, hardware, bookware, peopleware and orgware. The applica-
tion of individual methods is thus determined not only by the tech-
nical computer equipment but depends also on the programme
equipment, access to the users’ manual handbooks (bookware), the
application of entrepreneur models in the process of management
of entrepreneur activities (peopleware), or the application of diffe-
rent ways of management in an optimal way (orgware). In this group
there are many well known methods which will be adapted to reach
concrete objectives in specific areas, factories, branches of industry
as well as to the specifications of different countries. These methods
usually do not bear the denominations according to the factory or
objectives but according to the model applied (thus e.g. simulation
methods).

Next to the above introduced classification of methods there
exists further methods which might also be applied in the sphere
of diagnostics. It concerns more methods with a different way of
application. Both classical as well as recent methods belong here.
Let us mention the following:

graphical methods

deduction and induction methods

methods of analogy

and if need be - different prognostic methods.

Graphical Methods have nowadays a wide range of application
in combination with the already above mentioned methods of
diagnostic mission or with methods of the model analysis. Their
importance lies in clear surveying of different ways of different
investigation orientations. Above all, they serve to the investigation
of classification, relation, causality, respectively of dialectic
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rozborov, ktoré mozu byf sucastou retrospektivného (ex post)
hodnotenia, ale aj perspektivneho (ex ante) hodnotenia.

Metody dedukcie a indukcie si vyznamné pri hladani pricin-
nosti a zavislosti, pripadne pri stanovovani nadvéznosti javov
a procesov v buducnosti. Dedukcie ako aj nasledné indukcie sa
mozu uskutocnovat:

e exaktne, t. j. v pripadoch, kedy nemame dostatok vhodnych
informacii, alebo posobenie faktorov na sledované javy
a procesy nie je mozné vyznamnejsie vymedzit,

e |ogicky, t. j. ked posobenie je vyznamne ovplyviiované konkrét-
nymi faktormi s mozZnosfou zistenia miery posobenia jednotli-
vych faktorov,

e pripadne inym spoésobom, ako je napr. kvalifikovany odhad, ¢i
niektoré iné metody (napr. metody brainstormingu).

Dedlikcia je dynamickou formou prechodu myslienkovych pro-
cesov od vSeobecného k osobitnému a nakoniec k jednotlivému
hodnoteniu javov a procesov. Uplatiuju sa dva sposoby deduktiv-
nych systémov, a to prirodzeny a axiomaticky. U indukcie ide
o metody, ktoré uplatiuji poznatky dedukcie a si pouzivané skor
pre predpoklady vyvoja ¢i chovania sa javov a procesov.

Metody analogie su obdobné ako predchadzajuce metody
dedukcie a indukcie. V podstate hodnotenie sa predpoklada na
zaklade urcCitej podobnosti spravania sa niekedy nestirodych javov
a procesov.

Metédy prognostické maji vyznam pre diagnostické hodnote-
nie do buducnosti (per ex ante). V tejto skupine je cely rad metod,
ktoré si odvodené z matematickej ¢i ekonomickej Statistiky
(Casova, korelacna a regresna analyza), ale aj novsie metody ana-
lytickej Ci syntetickej aproximacie.

Zaver

Zaverom ¢lanku je potrebné konStatovat, ze v kazdej skupine
je cely rad metod. Preto su v tomto ¢lanku uvedené iba najza-
kladnesSie. Stupen poznania (diagnozy) zavisi nielen od teoretic-
kého poznania diagnostickych metod, ale predovSetkym od ich
optimalnej volby vzhladom na dostupnost zdrojov pre naplnenie
konkrétnych metdd. Mnohokrat zloZité a pracne metody nemusia
priniest ocakavané vysledky, ba niekedy ich pouzitie pohlad na
Jjavy a procesy a ich tendencie len komplikuje.

Recenzent: T, Corejovd
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investigations which might be components of retrospective (ex
post) as well as perspective (ex ante) evaluation.

Deduction and Induction Methods are important when looking
for the cause and dependence respectively when stating the
linking up of phenomena and processes in future. Deduction as
well as the following induction may be performed:

® in an exact way - i.e. in cases with the absence of applicable
information or by only vague determination of phenomena and
processes in question

e in a logical way - i.e. in cases when there is a big influence of
concrete factors with the possibility to find out the level of
influence of individual factors

e in some other way - respectively - e.g. by qualified guessing or
by other methods (e.g. brainstorming).

Deduction is a dynamic form of transition of mental processes
from the general to the specific and finally to the individual
evaluation of phenomena and processes. There are two deductive
systems: natural and axiomatic. The induction uses methods
implementing the knowledge of deduction, being used more for
the suppositions of development or behaviour of phenomena and
processes.

Methods of Analogy are similar to previous methods of
deduction and induction. Basically, the evaluation is supposed to
be based on a certain similarity in behaviour of sometimes
incongruous phenomena and processes.

Prognostic Methods are of big importance for the diagnostic
evaluation in the future (per ex ante). In this group there is a whole
number of methods derived from mathematical or economic
statistics (time, correlation and regression analysis), but also more
recent methods of analytic or synthetic approximation.

Conclusion

Concluding, it is necessary to state that there is a wide number
of different methods in each group. Therefore, this article has
introduced only the most important basic ones. The level of know-
ledge (diagnosis) depends not only on theoretical knowledge of the
diagnostic methods but above all on their right choice in relation to
the accessibility of sources necessary for the application of a conc-
rete method. However, very often even complicated and laborious
methods do not bring about the expected results and, moreover,
sometimes their application makes the view of phenomena and pro-
cesses and their tendencies even more complicated.

Reviewed by: T. Corejovd

[1] BUCEK, O.: Technicko-ekonomické rozbory, ALFA Bratislava, 1987.
[2] KASIK, J., MICHALKO, M.: Podnikova diagnostika Controlling - Systém fizeni podniku, Management Focus International

Consulting Group, s. r. 0., Praha 1993.
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Prof. Ing. Miroslav Steiner, DrSc.
70 rocny - 70 years old

Prof. Ing. Miroslav Steiner, DrSc. zasvitil cely svoj
Zivot automobilizmu. Po vyuceni absolvoval priemyselnu
Skolu strojnicku a v r. 1953 ukon¢il prazsku techniku

v odbore stavba automobilov a traktorov.

Po ukonceni vysokoskolského Studia nastupil do
Vyskumného ustavu dopravného v Prahe, kde v r. 1958
obhajil kandidatsku dizertaénu pracu v odbore konstrukcia
spalovacich motorov a mechaniky jazdy automobilov.
Postupne sa zaoberal koncepénymi ulohami, ktoré vyply-
nuli z rozvoja dopravy a automobilového priemyslu a kde
vyuzil svoje poznatky zo Studijného pobytu vo Francuzsku.
Zalozil a riadil celoStatne vyskumné programy bezpecnosti
cestnej premavky a v tejto suvislosti sa zasluzil o vystavbu
prvej medzinarodnej skuSobne zadrZovacich systémov
v byvalych vychodoeurdpskych krajinach. Bol taktiez inici-
atorom zaloZenia odboru ,vyuzitia matematickych metod
v cestnej doprave“. Je spoluzakladatelom spolo¢ného
vyskumného pracoviska CSAV a FMD pre zikladny
vyskum zameraného na bezpec¢nost a spolahlivost doprav-

nych systémov.

V r. 1984 obhajil doktorsku dizertacnu pracu na tému

,Vztfah uzitkového automobilu a vozovky z hladiska ich vza-

Prof. Steiner dedicated all his life to the automobile
transport. After taking his studies at the engineering high
school, Mr. Steiner graduated in the year 1953 the Prague
technical university, the specialisation of motor-cars and
tractors construction. After finishing his academic studies
Prof Steiner began his career in the Research transport
institute in Prague where he reached in the year 1958 the
PhD degree on the basis of the dissertation work dedicated
to the construction of combustion en gine and the
mechanics of motor-car driving. In successive steps he dealt
with conceptual tasks that resulted from the development
of transport and automobile industry and where he utilised
his knowledge gained from the educational stay in France.
He founded and conducted state-wide research programs of
road traffic safety and in this coherence he deserved the
building-up of the first international laboratory of retentive

systems in the former eastern European countries.

Prof. Steiner was also a floater of the establishment of
the specialisation ,the utilisation of mathematical methods
in the road transport“. He was co-founder of the common
research working place Of the Czecho-Slovak Academy of
Sciences and the Federal Ministry of Transport for the
basic research on safety and reliability of transportation

systems.

Mr.Steiner reached in the year 1984 the scientific
degree Doctor of sciences and the dissertation he
concentrated on the problem of the relationship of the
utility motor-car with road from the viewpoint of their
mutual functions. In 1987 he was appointed as professor
for the specialisation of transport technique and
technology. In the problem of interaction between the

transport means and the roads, he elaborated the theory of
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jomného posobenia®. V r. 1987 bol menovany profesorom
pre odbor dopravna technika a technoldgia. V problematike
interakcie dopravného prostriedku a dopravnej cesty roz-
pracoval teoriu ich vzajomného posobenia z hladiska zvis-
Iych dynamickych sil, metddy merania a hodnotenia
vplyvov, navrhol metédy urCenia dynamickych razovych
Cinitelov a navrhol a overil metddy a pristroje pre hodnote-

nie kvality povrchu vozoviek.

Svoje znalosti a skuisenosti z konStrukcie a prevadzky
automobilov odovzdaval ako pedagog na Ceskom vysokom
uéeni technickom - Dopravnej fakulte, na Zilinskej univer-
zite a na Pardubickej univerzite, kde poOsobi dodnes.
Prednasal tiez na univerzitach v De Kalb v USA, Tokiu,
Viedni, Hamburgu, Drazdanoch, Budapesti, Viedni.
Posobil tiez ako predseda i ako ¢len odbornych komisii pre

obhajobu kandidatskych a doktorskych prac.

Vel'mi rozsiahla je i jeho publikacna Cinnost, napisal

rad vyskumnych sprav, publikacii a recenzii.

Prajeme Prof. Ing. Miroslavovi Steinerovi, DrSc. pevné

zdravie a Zivotny optimizmus do dalSich rokov.
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their mutual impact from the point of view of vertical
dynamic forces, the methods of measurement and
influence valuation. He designed the methods of dynamic
impulse factors destination and drafted and attested the
methods and instruments for roadway surface quality

valuation.

Prof. Steiner transferred his knowledge and experience
from the construction and operation of motorcars to the
next engineers as a professor on the Czech technical
university - Faculty of transport, on the University of Zilina
and on the University of Pardubice, where he works up to
these days. He take lectures at the universities in De Kalb
(USA), Tokyo, Vienna, Hamburg, Dresden, Budapest,
Vienna, too. He reacted as chairman and as member of
scientific committees for advocacy of dissertation wo rks

for PhD and for Doctor of sciences.

Very large is his publication activity, he wrote a lot of

research reports and notices.

Best wishes to Prof. Miroslav Steiner. Firm health and

living optimism to the future years.

Prof. Ing. Jan Mikolaj, DrSc.
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KALKULACIE VLASTNYCH
NAKLADOV.

Zvislost viasinich ndkladov od objemu

Kalkulacie vlastnych nakladov

Predlozena monografia spracoviva problematiku, ktord v hospoddrstve kazdého Stdtu patri
medzi najviac sledované ekonomické problematiky. Riadiaci pracovnici na roznych iirovniach pod-
nikovej hierarchie poZadujii vyrazne kvalitnejsie informdcie o ndkladoch a vynosoch. Tieto informa-
cie patria k zakladnym financnym informdciam, ktoré s potrebné pre komplexné riadenie podniku.

V prvej kapitole monografie sa autor venuje zdkladnym pojmom z oblasti viastnych ndkladov.
Je tu uvedend charakteristika viastnych ndkladov, ich clenenie podla roznych kritérii a tiez tu autor
venuje pozornost oblasti informacného systému, pre ktory si viastné ndaklady zdkladom - kalkuld-
cii nakladov. Kapitola je spracovand Standardnym sposobom velmi precizne.

Druhd kapitola ma ndzov ,Vychodiskd a zdkladné zdsady kalkuldcii®. St tu uvedené sposoby
a moznosti zberu a triedenia zdkladnych iidajov o viastnych ndakladoch a ich tiprave pre kalkulacné
potreby. V casti kapitoly, ktord sa zaoberd vyuZitim vysledkov kalkuldcie viastnych ndkladov, st uvedené
konkrétne pripady, s ktorymi je mozné stretniit sa v doprave ako celku a zvldst v Zeleznicnej doprave.

Tretia kapitola v podstate zndzornuje technologicky proces Zeleznicnej dopravy pre potreby ana-
Iytického spracovania problematiky vlastnych ndakladov. Toto zndzornenie je vykonané pomocou uka-
zovatelov dopravnych vykonov, naturdlne prepravnych ukazovatelov, ukazovatelov iirovne vykonov
a prdce ako aj hodnotovych ukazovatelov. Spracovand problematika je doplnend ndzornymi obrdz-
kami a tabulkami. Zaver kapitoly tvori pojednanie o transformdcii druhovo c¢lenenych ndkladov na
clenenie kalkulacné. Tiito cast monografie povaZujem za vyznamnii, pretoZe prdve tejto problematike
sa niekedy nevenuje dostatocnd pozornost, co md za ndsledok nepresnost vykondvanych kalkuldcii.

V stvrtej kapitole autor spracoval problematiku rozvrhu ndkladov. Hlavny doraz je kladeny na
oblast reZijnych ndkladov, ¢o povaZujem za sprdvne, pretoZe prdve tdto oblast ndkladov je najnd-
rocnejsia z pohladu presnosti a objektivnosti analyzy ndkladov a nakladovych kalkuldcii. Vhodnym
metodickym doplnkom tejto kapitoly je modelovany priklad pre rozvrh rezijnych ndkladov podla
penaznej rozvrhovej zdakladne a nan nadvizujici priklad pre vypocet jednotkovych ndkladov na
odbytové vykony v osobnej a ndkladnej Zeleznicnej doprave. V zdvere kapitoly je spracovand meto-
dika rozvrhu ndkladov v Zeleznicnej doprave. Tiito cast monografie, ktord je spracovand origindlne
a vycerpdvajiico, povazujem za jednu z najkvalitnejsich casti.

Piata kapitola obsahuje metody vypoctu vlastnych nakladov. S tu prezentované vsetky zndme
metody, ktoré sa v tejto oblasti v nasich podmienkach pouZivaji. Okrem iného autor tu predstavuje
platné kalkulacné vzorce pre kalkuldciu vlastnych ndakladov v Zeleznicnej doprave s podrobnym
komentdrom k jednotlivym polozkdm.

Siesta kapitola je venovand problematike vypoctu ukazovatelov dopravnej prdce v Zeleznicnej
doprave. Ide v podstate o rozsirenie tretej kapitoly, ale s novym analytickejsim pohladom na oblast
osobnej a ndakladnej Zeleznicnej dopravy.

Predlozend monografia je spracovand na velmi dobrej tirovni. Autor monografie uz vyuZzil cast
rukopisu pri spracovani problematiky analyzy ndakladovych modelov v Zeleznicnej doprave ako clen
kolektivu pracovnikov Fakulty PEDaS, Zilinskej univerzity, ktory spracoval pre MDPT SR $tidiu
LAnalyza nakladovych modelov v jednotlivych druhoch doprav*. Monografia mozZe poshizit ako ana-
Ivtickda pomocka pre vsetkych zdujemcov o danii problematiku. Je pouZitelnd pre studentov, ale aj
pre odbornikov z oblasti tedrie a praxe.

Doc. Ing. Stefan Cisko, CSc.
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Dizertacna praca:

Autor:
Studijny odbor:

Skoliace stredisko:

Skolitel:

Resume:

Navrh systému controllingu k hospodarnosti
vnitropodnikovej jednotky ZSR

Ing. Bukova Bibiana

62-03-9 Odvetvové a prierezové ekonomiky
Zilinska univerzita v Ziline

Fakulta prevadzky a ekonomiky dopravy a spojov
Katedra Zelezni¢nej dopravy

Doc. Ing. M. Sroslik, CSc.

Dizertacnd prdca navrhuje zavedenie nového obchodného systému ZSR. Dany systém je budo-
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vany od zdkaznika, jeho potrieb. Navrh obchodného systému ZSR podrobne rozoberd jednotlivé fizy
predaja prepravnych sluzieb, spésoby organizdcie obchodného persondlu, pocet obchodného perso-
ndlu, jeho riadenie, kontrolu, odmeriovanie i motivdciu. Kontrola v tomto systéme md rozhodujiicu
Sfunkciu, umoznuje jednoduchii, pruznii komunikdciu so zdakaznikom, prostrednictvom obchodného
persondlu ZSR.

Prdca je clenend do 5 kapitol, obsahuje 101 stran textu , 22 stran priloh.

ZILINSKA UNIVERZITA V ZILINE
Fakulta prevadzky a ekonomiky dopravy a spojov

Katedra Zelezniénej dopravy

NAVRH SYSTEMU CONTROLLINGU
K HOSPODARNOSTI VNUTROPODNIKOVEJ
JEDNOTKY ZSR

Dizertacna prica

Autor Ing. Bibiana BUKOVA

Skolite! Doc. Ing. M. SROSLIK, CSc.

Zilina 1999

Dizertacna praca:
Autor:

Novy pristup k navrhovaniu vyrobnej dispozicie
Ing. Robert Debnar

Studijny odbor: 23-07-9 Strojarske technologie a materialy
Pracovisko: Zilinska univerzita v Ziline, Strojnicka fakulta
Katedra priemyslového inZinierstva
Skolitel: Prof. Ing. Jan Kosturiak, PhD.
Obhajoba: 7. 6. 1999 na ZU SjF
Resume:

Doktorandska dizertacnd prdaca Novy pristup k navrhovaniu vyrobnej dispozicie sa zaoberd pro-
blematikou navrhovania vyrobnej dispozicie s vyuZitim metod skupinovej technologie a simuldcie.
Je motivovand potrebami zameranymi na zvldadnutie vysokej variantnosti a pruznosti vyroby pri
nizkych vyrobnych ddvkach a pri siicasnom zachovani prehladnosti vo vyrobe, nizkych ndkladoch
a vysokej produktivite. Taziskom riesenia je navrhnutie komplexnej metodoldgie pre segmentdciu
vyroby, ktord pozostdva z nasledovnych krokov:
® ystupnd analyza, priprava tidajov,
® segmentdcia vyroby - triedenie siiciastkovej zdkladne, vytvdranie skupin siciastok a strojov,

o formovanie jednotlivych vyrobnych buniek,

® kapacitny vypocet,

® ndvrh vyrobnej dispozicie,

® dynamické prehodnotenie vyrobnej dispozicie - modelovanie a simuldcia.

V ramci tejto prdace bol vytvoreny modul pre segmentdciu vyroby. Ide o integrované riesenie,
ktoré je implementované do simulacného systému SiMPLE++.

ZILINSKA UNIVERZITA
Strojnicka fakulta

Katedra priemyslového inZinierstva

NOVY PRISTUP K NAVRHOVANIU
VYROBNEJ DISPOZICIE

Dizertacna praca

Autor. Ing. Robert DEBNAR

Skolitel prof. Ing. Jan KOSTURIAK, PhD.

Zilina 1999
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