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Vizeny citatel,

Stvrtd medzindrodnd vedeckd konferencia TRANSCOM 2001 organizovand taktiez ako aktivita
v ramci projektu CETRA (Centre for Transportation Research, University of Zilina, Slovak Republic -
Centre of Excellence supported by European Commission), sa uskutocnila v juini 2001 na Zilinskej uni-
verzite v Ziline, Slovenskd republika.

Zdkladnym zamerom konferencii TRANSCOM, organizovanych pravidelne kazdy druhy rok od roku
1995, je prezentdcia vedeckych prdc (z oblasti dopravy, spojov, strojdrstva, elektrotechniky a stavebnictva)
mladych vyskumnych pracovnikov, vrdtane doktorandov do 35 rokov veku z univerzit, vyskumnych iistavov
a praxe.

Viac ako 325 prispevkov (v anglickom alebo nemeckom jazyku) bolo redlne publikovanych v 7 zbor-
nikoch konferencie TRANSCOM 2001 (zo zahranicia 174 prispevkov, Bulharsko, Ceskd republika, Finsko,
Juhoslavia, Nemecko, Madarsko, Polsko, Rumunsko, Rusko, Taliansko, Ukrajina, 50 prispevkov bolo
2z inych univerzit Slovenska a 104 prispevkov zo Zilinskej univerzity v Ziline).

Toto cislo Komunikdcii, vaZeny citatel, je venované vybranym prispevkom (odporiicanych vedeckym
vyborom) zo 4. medzindrodnej vedeckej konferencie TRANSCOM 2001, Zilina, Slovenskd republika.

Dear reader,

the 4-th International scientific conference TRANSCOM 2001, organised also as an activity in the
framework of the CETRA project (Centre for Transportation Research, University of Zilina, Slovak Repub-
lic - Centre of Excellence supported by the European Commission), was held in the University of Zilina,
Slovak Republic, in June 2001.

The main purpose of the conferencies TRANSCOM organised regularly every two years since 1995,
is a presentation of scientific works (from the fields of transportation, telecommunications, mechanical,
electrical and civil engineering) of young research workers incl. PhD. students up to the age of 35 from
universities, scientific institutions and industry.

More than 325 contributions were published in seven proceedings of conference TRANSCOM 2001
(174 contributions were from abroad, Bulgaria, Czech Republic, Yugoslavia, Germany, Hungary, Poland,
Romania, Russia, Italy, Ukraine, 50 were from the universities of the Slovak Republic and 104 contri-
butions were from the University of Zilina).

This volume of Communications is devoted to the selected contributions (recommended by scientific
committee) of the 4-th International scientific conference TRANSCOM 2001, Zilina, Slovak Republic.

Otakar Bokiivka
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Péter Fodor - Adém Marquetant *

POSUDENIE STRATEGII TARIFIKACIE PRUZNEHO
PREVADZKOVEHO ZATAZENIA NA KOMUNIKACNOM SPOJI

EVALUATION OF PRICING STRATEGIES OF ELASTIC TRAFFIC
ON A SINGLE COMMUNICATION LINK

Budlice siete s integrovanymi sluzbami, podporujiice viaceré triedy prevddzkového zatazenia, budii vyzadovat zdkaznicke stratégie riade-
nia pristupu a zdielania frekvencného pdasma, ktoré splnia rézne poZiadavky na zarucenu kvalitu sluzieb (QoS) alebo ddtovy tok a pruznost
sluzieb. Vysledky sucasného vyskumu ukazuju, Ze je doleZité overit riadenie pristupu volani (CAC) pre pruzné prevddzkové zatazZenie, nakolko
algoritmus CAC umozZnuje napriklad zabranit relaciam TCP pre nadmernii degraddciu priepustnosti [1], [2]. Aby bolo moziné pre pruzné
volania urcit optimdlny algoritmus CAC, overili sme na zdaklade modelu spoja zavedeného v [ 2] pomocou Markovovej tedrie rozhodovania rozne
stratégie tarifikovania. Ukdzeme, Ze optimalizdacia CAC maximalizuje nielen prijmy, ale tieZ zvysuje pravdepodobnost blokovania prevdadzky
tokov s vysokou prioritou a QoS pruzného prevadzkového zataZenia, ak je tarifikacnd funkcia pouzitelnd.

The future integrated service networks supporting multiple traffic classes will require customized admission control and bandwidth sharing
strategies, which meet the diverse needs of QoS (Quality of Service)-assured (stream) and best-effort (elastic) services. Recent research results
indicate that it is meaningful to exercise call admission control (CAC) even for elastic (best-effort) traffic, because CAC algorithms provide
a means to prevent e.g. TCP sessions from excessive throughput degradations [1], [2]. Based on a model of a single link introduced in [2], we
evaluate different pricing strategies assigned to elastic calls by determining an optimal CAC using Markov Decision theory. We will show that
optimizing CAC not only maximizes average revenue, but also improves blocking probability of high priority stream traffic and QoS of elastic

traffic as long as appropriate pricing functions are applicable.

1. System Model

We formulate our system model following the approach
described in [1] and [2].

Traffic Model We investigate a single link, to which two types
of traffic classes offer load: stream and elastic. Stream traffic is
supposed to represent a service with strict QoS guarantees (e.g.
VoIP in IP or CBR in ATM), while elastic traffic models best
effort-like services (e.g. TCP in IP, ABR in ATM). Stream calls are
described by their arrival rate A;, departure rate u, and peak rate
B,, and elastic calls by their call arrival rate A,, their ideal departure
rate u,, their peak rate B, and minimum rate r,,,,*B, (0 = r,,,, =
= 1). Both types of calls arrive according to independent Poisson
processes and the holding time for stream flows is exponentially
distributed with mean w; ' In case of elastic calls the number of
bits to transfer is exponentially distributed with mean B,*u, '. By
ideal departure rate we mean that the actual service ratio r(t) of
elastic calls in progress may fluctuate between r,,;, and 1, thus the
service time increases accordingly. All elastic connections in
progress on the link share the available bandwidth equally among

* Péter Fodor, Adim Marquetant

them [4]. A newly arriving call will be accepted if there is enough
free capacity on the link by the compression of elastic flows
(elastic flows can be compressed down to 7,,;,*B, ). If the available
free capacity on the link is smaller than the minimum rate of the
new call, then the flow will be rejected. When a flow departures
elastic calls inflate their bandwidth consumption up to B,.

System Description Let C denote the link capacity. The system
under investigation (with the above assumptions regarding the
arrival processes and holding times) is a Continuous Time Markov
Chain (CTMC) whose state is uniquely characterized by (n,(¢),
ny(t)) where n,(t) is the number of stream calls and n,(¢) is the
number of elastic calls on the link at time 7 (0 = n,(¢) = [C/ B,
0=n,(t) = UC — nl(¥)) | (r,;, * B,)D. Let the state space S.
The vector (n,(#), n,(?)) uniquely specifies what service ratio r(¢)
of in-service elastic calls receive 7(#) = min[1l; (C — n(¢) * B,) /
| (ny(t) * B,)]. In order to obtain the performance measure of this
system we need to determine the CTMC'’s generator matrix Q and
its steady state solution, P. The non-zero transition rates of
generator matrix are:

High Speed Networks Laboratory, Department of Telecommunications and Telematics, Budapest University of Technology and Economics,
H-1117, Pazmany Péter sétany 1/D, Budapest, Hungary, Tel.: +36-1-463 2187 Fax: +36-1-463 3107

e-mail: fodorp@ttt-atm.ttt.bme.hu, marquet@ttt-atm.ttt.ome.hu
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q(ny, nys ny + 1,ny) = A

q(ny,nyyny = Lnp) =y py

q(ny, ny;ny,ny + 1) = A,

q(ny, nysny,ny — 1) = ny - ry(ny, ny) *
according to call arrival or departure. The state probability vector
has to satisfy Z p; = 1, and PQ = 0. Let B, denote the blocking

JES

probability vector of traffic class i. B; contains those states where
a newly arriving call from traffic class i is blocked.

B, ={(n;, ny) €S:(n + 1, n*) & S} - stream
B, = {(n}, ny) € S:(ny, n, + 1) & S} - elastic

Then the blocking probability of traffic class i is

P= >

p(ﬂ,‘nz)' (1)
(n, ny)EB;

To get the average holding time of elastic calls we need to
know the mean number of elastic flows on the link from

D My )

(n], nz)ES

Eln,] =

where 7, is the number of elastic calls in all state. From Little’s
formula the mean time an elastic call spends in the system is
E[T,] = E[n,] | (A, (1 — P,)) and the average service ratio of
elastic flows is r,,, = 1/ (E[T,] * py).

Pricing Model To represent that stream and elastic calls are of
different value to the provider we also assume that both types of
calls generate revenue that is a function of the occupied bandwidth.
The link-wide instantaneous revenue accumulation rate p(f) is
given by

p() = ny(1) * By + ny(1) * B, * @(By, (1), 7,1) 3)

We assume that a unit stream bandwidth generates revenue
with a unit rate, while a unit elastic bandwidth generates revenue
with a rate proportional to ¢.

Optimal CAC Policy based on Markov Decision Theory The
simplest call admission policy (CAC) may be the one, which admits
a new call whenever the link is capable to accommodate it (i.e. by
compressing all elastic flows down to their minimum ratio r,,,,,).
Note, that we will refer to this kind of CAC ‘no Markov Decision’
(no_MD) in Section 4. We argue that there is a need to apply more
sophisticated CAC policies with the following two reasons. First,
the provider is seeking after to increase its income, therefore it is
straightforward to price stream flows requiring strict QoS guaran-
tees higher and prefer them whenever both stream and elastic
flows aspire for admission. Second, users generating stream flows
expect better service deservedly for their money.

We aim at finding a CAC policy that assigns to each system
state a decision whether to admit or reject arriving stream and
elastic calls so that the long-term revenue is maximized. To
achieve our goals we apply Markov Decision theory [3], which
algorithmically takes into account the revenue generation rate of
different system states and yields the optimal solution in a finite
number of steps.

2. Pricing Strategies

Formula (3) allows a multitude of pricing strategies to apply
to elastic calls. We present two of them, which we think are rele-
vant in the context of optimizing CAC to achieve maximum pos-
sible revenue for the provider and improve QoS and blocking
probability of stream flows. First of all we introduce our underly-
ing assumptions.

First, the price of a stream call’s unit bandwidth should be
higher than that of an elastic call to be able to satisfy strict QoS
requirements by ensuring that only a fraction of users will claim
to those services. Secondly, it is beneficial to price elastic calls
requiring larger minimal service ratios r,,, higher. (These calls
have a larger percentage of their bandwidth guaranteed and are
more like to stream calls.) Otherwise, subscriber may spare money
by offering a wider band elastic call instead of an expensive stream
call (B1 =r,,, * B,). We have found two simple pricing strategies
fulfilling the above requirements (see Fig. 1).

2.1. ‘Linear’ Pricing

The revenue generation factor of elastic traffic is directly
proportional to the service ratio. (Represented as a line on Fig. 1,
which would begin from the origin if we could decrease the service
ratio down to zero) (¢, (1) = rev,, * r(t) = k * r,,;, * r(¢)). This
strategy fulfills both criteria mentioned above, provided constant
k falls into range (0 < k = 1/r,,,,). Note that different r,,, values
entail lines with different gradient on Fig. 1.

A .
Revenue (é\&
rate Concave
* YeVpe
b/
L
/
/
/
/ P .
o, Linear
!,
/s
Rinin Average ratio 1 Service ratio

Fig. 1
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2.2. ‘Concave’ Pricing

At the second solution this line is shifted up and its gradient
is smaller than that of the other. In this case the revenue rate has
two parts. One of them is a guaranteed rate, what the customer
always has to pay. The best effort part has linear increment, which
has to be paid when the service ratio is greater than the minimum
service ratio.

(@eon(l) = 1evy * 1, + 1evy, * ((2) = 1)), Which meets the
above mentioned requirements if 0 =< rev,, < rev, = 1. So the
curve must be concave, hence the name.

Average revenue (rev_be=0.05, rmin=1)

40

J! === No MD
32
&= MD Concave
”s A MD Linear
16
s 2] ]
4
0
1 0,5 0,2 0,1 0,05
rev_g
Fig. 2

3. Numerical Results

To evaluate the pricing strategies we investigated a single link
of capacity C = 40 Mbps. Stream calls with bandwidth demand
B, = 8 Mbps arrive with intensity A, = 1 s~ ', while elastic calls
with bandwidth demand B, = 1 Mbps (peak) arrive with intensity
A, = 857!, where r,,, decreases from 1.0 down to 0.2. The holding
times of two traffic classes are assumed to be exponential with
mean values 1/, = 1sand (ideally) 1/u, = 4. Aside from r,,,,,,,
our moving parameters are rev, (assuming values 0.05, 0.1, 0.2, 0.5,
1) and rev,, (assuming values 0.05, 0.2, 0.4). The offered traffic to
the link is equal to its capacity in all our measurements, hereby
we were modeling a good provisioned network (link). Our main
measures of interest are long-term average revenue, stream and
elastic class blocking probability and average elastic service ratio
(4,) and holding time. Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Fig. 6
show these measures as the function of guaranteed revenue factor
(rev,) for a fixed best-effort revenue factor (rev,,) and minimal
service ratio (r,,;,) of elastic calls.

On Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 we compare three
kinds of CAC algorithms labeled no MD’, ‘MD concave’ and ‘MD
linear’. no MD’ stands for the simple CAC that does not take into
account revenue generation rates of calls, but works on an is-
enough-bandwidth basis (see Section 2.). The other two CAC’s are
outcome applying the Markov decision optimization in the same

KOMNIKOCIe
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environment (with the same elastic r,,;,) as in case of the respective
‘no MD’ CAC, using respective pricing strategies as input to the
optimization. To be able to compare the linear and concave pricing
strategy we first apply the ‘no MD’ CAC and based on the resulting
average elastic service ratio (r,,,) we calculate the gradient of the
linear strategy (rev;,) as the function of concave parameters as
follows: rev;, = (revy * Iy + (Faye = Fogin) ™ 1€Ve) | Ty (s€€
Fig. 1). Thus, under ‘no MD’ both strategies will produce the
same average revenue (they ‘offer’ the same amount of revenue to
the network).

Fig. 2 shows the average revenue of the link in function of guar-
anteed revenue factor (rev,) of elastic calls. Naturally, the greater is
the rev,, the greater is the long-term average revenue. This figure
also reveals that Markov Decision is only capable of effective
increase average revenue when elastic flows are much lower priced
(rev, is close to 0.05), however, at the price of much higher elastic
blocking probabilities. Comparing two pricing policies in terms of
guaranteed revenue rate of elastic calls there is no sufficient vari-
ance.

Blocking probability of stream traffic
(rev_be=0.05, rmin=0.2)
10% |
8% [ N - —— No MD
= &= MD Concave
6% A MD Linear
JAN A
4%
O
2% A A !lg
0% ‘ ‘ : ‘
1 05 0.2 0.1 0.05
rev_g
Fig. 3

Blocking probability of elastic traffic
(rev_be=0.05, rmin=0.2)

10%
g No MD A N
8% 1~ O~ MD Concave R s
A MD Linear
6% | = AR JS—
|
4% o
2%$ A
|
0%k . $ ¢+
1 0.5 0.2 0.1 0.05
rev_g
Fig. 4

Fig. 3 and Fig. 4 show interesting results. Even if there is no
considerable average revenue increase with MD, the blocking prob-
abilities are much more effected. Without MD, stream calls have
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much higher blocking probability than elastic calls. MD, however,
decreases the blocking probability of stream traffic, while that of
elastic flows will be increased. We just mention that by applying
MD elastic average service rate (r,,,) has been increased provid-

ing better QoS to elastic flows (Fig. 5).

In linear pricing case the blocking probability of stream calls
decreased more than when using the concave pricing policy. Anal-
ogously, blocking probability of elastic calls increased more by the
linear policy. These results are caused by two phenomena. The MD
algorithm is blocking elastic flows even if there was place for them
on the link to admit newly arriving stream calls with higher pro-
bability. Elastic calls can expand more in the meantime therefore
the average rate of service ratio shifts right. In linear pricing case
this expansion generates the same per unit bandwidth revenue as if
we admitted more elastic calls with smaller service ratio. However,
in case of concave pricing, increase of average service ratio would
result in lower per unit-bandwidth revenue, since the gradient of
its revenue generation factor is smaller. So, the smaller is the
service ratio of elastic flows priced concave, the greater is the
long-term average revenue of the link. Therefore the algorithm
considers the probability of arriving a new great-revenue stream
call of less value, which causes greater blocking probability for
stream traffic.

Average service ratio of elastic traffic (rev_be=0.05,
rmin=0.2)
1
N
0.8 A B e B
m
06 Do BT
o o g o o
QL —4—NoMD
- MD Concave
.2 v -
A MD Linear
0 T T T T
1 05 02 01 005
rev_g
Fig. 5

5. References

Mean holding time of elastic traffic
(rev_be=0.05, rmin=0.2)

(%]
Q
5 l..|~@-MDConcave|
1 4./ A MD Linear
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1 0.5 0.2 0.1 0.05
rev_g
Fig. 6

Fig. 5 shows the average service ratio of elastic flows. In
accordance with the above mentioned phenomena if the revenue
factor of guaranteed part is much higher than that of the best effort
part, in case of concave pricing strategy MD tries to keep the
average service ration of elastic calls near minimum service rate. In
the linear pricing case this ratio increased much more since more
elastic calls are blocked. If the guaranteed part is lowly priced then
the effect of second phenomenon diminishes, therefore the concave
curve approximates to linear. Fig. 6 shows the mean holding time
of elastic calls, which is really for subscribers. It is inversely
proportional to the average service rate, therefore in linear pricing
case the mean time that an elastic call spends in the system is
smaller than in concave pricing case.

4. Conclusion

In this paper we studied pricing policies for elastic flows to be
applied on a communication link accommodating stream and
elastic calls. First, we showed a model that is able to describe the
dynamics of the link and then presented elastic pricing policies
which in combination with Markov Decision optimization can
yield better blocking probability measures for high priority stream
traffic and maximize revenue of network provider.

[1] Rudesindo Nufiez Quejia, Hans van den Berg, Michel Mandjes: Performance Evaluation of Strategies for Integration of Elastic and

Stream Traffic

[2] G. Fodor, E. Nordstrom and S. Blaabjerg: Revenue Optimization and Fairness Control of Priced Guaranteed and Best Effort Services
on an ATM Transmission Link, ICC’98, vol 3, pp. 1696-1705, Atlanta, GA, USA, 1998

[3] Henk C. Tijms: Stochastic Models - An Algorithmic Approach, John Wiley & Sons, Chichester, 1984

[4] Shigang Chen, Klara Nahrstedt: An Approach to Pricing and Resource Sharing for Available Bit Rate (ABR) Services, in Proceedings
of Euro-Parallel and Distributed Systems Conference (Euro-PDS ‘98), Vienna, Austria, July 1998, pp.163-168
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Ivan Feiio - Eduard Jadroi - Pavol Spanik *

RIADIACE OBVODY PRE SERIOVY, CIASTOCNE
REZONANCNY MENIC

CONTROL CIRCUITRY FOR A PARTIAL SERIES RESONANT CONVERTER

Prispevok predklada riesenie riadiaceho obvodu pre novy vysokofrekvencny DC-DC menic¢ vhodny pre aplikdcie vo vykonovom rozsahu nie-
kolko kilowatov. Zapojenie vykonovej casti menica je zaloZené na sériovom polomostovom rezonancnom menici. Rezonancny jav sa vyskytuje
len pocas casti periody cinnosti menica. Pocas kaZdej polperiody menica sa transformuje na sekunddrnu cast diskrétny energeticky impulz.
Tym je umoznené riadenie menica zmenou jeho pracovnej frekvencie. Menic sa vyznacuje spinanim pri nulovom napdti (ZVS) a vypinanim
pri redukovanom priide pre hlavné polovodicové spinace a komutdciou pri nulovom priide pre usmernovacie diody. Tieto vlastnosti predurcuju
menic¢ pre IGBT, pricom sa moéZe dosiahnut vyssia pracovnd frekvencia s relativne pomalymi prvkami. Predpokladand cinnost menica je
vysokd pocas malej aj velkej zdtaZe, pricom rozsah vystupného napdtia je dvojndsobny oproti konvencnému polomostovému sériovému rezo-
nancénému menicu. Jadro c¢lanku pozostdava z PSpice modelov jednotlivych casti menica a zo simulacnych vysledkov, ktoré boli dosiahnuté ich
pouzitim.

A control circuit for a new high-frequency DC-DC converter, suitable for application in a few kilowatts range, is presented. The converter
topology is based on a half bridge series resonant converter, i. e. having only two switches. Resonance occurs only for a part of each switching
cycle, and a discrete energy pulse is transferred to the load every half cycle, rendering a variable frequency controller for controlling the output
power. The converter features zero-voltage turn-on and snubbed turn-off at reduced current for the switching devices, and zero current
commutation of the rectifier diodes, making it suitable for IGBT switches operating at a switching frequency higher than 20 kHz. The efficiency
of the converter is supposed very high under full load and low load conditions, while the dynamic output voltage range is two times larger than
that of the conventional half bridge Series Resonant Converter. PSpice Model presents the entire converter and control circuit.

1. Introduction

In a number of applications, such as battery chargers and
traction, the static power converter operates at full load for a small
proportion of an operating cycle. Though most full load efficien- Vs
cies are high in modern switch mode power converters, the effi- C
ciency drops significantly under small load conditions, and the D2 Jg' %

Ls

c3 c1 D3
= N
]

YN Ves

:22 ZS D4

_
=

overall efficiency over the full cycle can be low. This phenomenon
can be attributed to transformer magnetization losses, switching
losses, and for most resonant and/or soft switching converters,
additional conduction losses due to circulating currents. In addi-
tion, when charging totally discharged batteries, the voltage must
be increased, and a specified current has to be provided before the
voltage reduces to its normal value and full load current is applied.

Commercial battery chargers (50/60 Hz ferro-resonant techno-
logy) cannot provide any current at a sufficiently large voltage, and
it is consequently not possible to charge batteries in the men-
tioned condition. Furthermore, if a square wave converter such as
a half bridge converter should be used and be designed to provide
a sufficiently high output voltage, it will operate under a low
switching duty cycle at full power output. This will lead to poor

Fig. 1 Power circuit

full load efficiency because of the bad utilization of the semicon-
ductor switches, especially when using MOSFET’s. This problem
is also commonly encountered with modern DC welding power
supplies, where a high voltage is required to draw an arc, while
a lower output voltage is required during welding.

* MSec. Ivan Feiio, MSc. Eduard Jadron, Associate Professor Pavol Spanik, PhD.
Department of Electrical Traction and Energetics, Faculty of Electrical Engineering, University of Zilina, Velky diel, 010 26 Zilina, Slovak Republic,

Tel.: +421-41-565 2231, 565 2231, 513 2175
E-mail: feno@kete.utc.sk, ej@edo.spsmt.sk, spanik@fel.utc.sk
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2. The ZVS Partial Series Resonant Converter (PSRC)

The PSRC is a new variation of the well-known Series Reso-
nant Converter (SRC) in the half bridge configuration. The only
topological differences are the addition of a clamping diode par-
allel to each of the two resonant capacitors, and the inclusion of
a parallel inductance Lp, as shown on Fig. 1. The clamped capaci-
tor voltage limits the voltage stresses of the capacitors, which is an
important improvement regarding cost and reliability, especially at
higher power levels.

60A"

—“zmzBCO

40A°

208
100V /
0
112us
@ o jpim @ - ves

>>

OA

114us 118us 120us

Fig. 2 Voltage Ves and Iprim current in PSRC circuit

The additional parallel inductance Lp is used to commutate
voltage Vd when both switches (S1 and S2) are turned off, and
therefore obtaining ZVS. In the conventional SRC, ZVS can only
be achieved with the switching frequency always higher than the
resonant frequency of the resonant tank (L and C).

This requires either a high switching frequency or large reac-
tive components, when considering that the switching frequency
has to be varied over a large range to have sufficient control of the
output power, with the minimum switching frequency at 20 kHz.
The PSRC, however, achieves ZVS with the switching frequency
always lower than the resonant frequency of the resonant tank
(C1, C2 and Ls in Fig. 1), resulting in a significant reduction in size
of the reactive components, and of the transformer.

Switching conditions are very favorable for diodes D3 and D4,
since the large resonant capacitors, C1 and C2, effectively act as
snubbers. The rectifier diodes, D5 and D6, experience very low
switching losses due to the sinusoidal transformer current, result-
ing in soft switching for all semiconductor devices in the power
circuit. Therefore, slower and cheaper devices could be used at
high switching frequency (> 50 kHz).

The main feature of the ZVS PSRC operation is the fact that
Ves swings from Vs to zero volts, or vice versa, during every half-
switching cycle. The resulting voltage and current waveforms for
the half-switching cycle with S2 being switched on are as shown
in Fig. 2. Note that the initial condition for Ves for this particular
half-switching cycle is Ves = Vs.

The first part of a switching cycle consists of a resonance
interval with current being conducted by the two resonant capac-
itors (C1 and C2), Ls, Lp and S2. First part is followed by the
discharging interval during which the energy stored in Ls is dis-
charged into the combination of C5 and the output. Lastly, there
is the freewheeling interval during which S2, D4 and Lp only
conduct current. Turn-off of S2 can occur during the freewheeling

L

— Y Y\
am 100n
R13 L7 R14
1 100n L8 03 R19
06 50n 3m
R21 1
5m
z1 R15 R16
10m 5m
K D3 c1 L1 R20
BYT30P-600 100p SenHigh 150n 1
Drive_H p 50n
IN+  OUT+ L3
oUT- = c3 D1
EVALUE 258n BYT30P-600
= VChIN+ %INY2
03
123 Prim2 Prim1
Y 310'—\/3
150n 2m L16 =
R29
2 200u 20m
05 R6 .
LT = c4 D2
m SenLow 258n BYT30P-600
<——¢ o
K D4 c2
BYT30P-600 100p R17 R18
Drive_L . 50n 10m 5m
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OUT-
EVALUE
=0 VOhING %N
0.3
R11 L9 L10 R12
1 100n 50n 03
06
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I_BL| Y YL
| S—
Tm 100n

Fig. 3 Primary part simulation model schematic
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interval, with commutation of the switch current to C3 and C4,
resulting in low turn-off losses. C3 and C4 will therefore conduct
Iprim until D1 clamps Vd to Vs and S1 can then be turned on,
obtaining ZVS. All the energy stored in the resonant capacitors,
C1 and C2, will therefore be transferred to the output each time
the two switches are commutated (i.e. every half-switching cycle).
This results in the (1) equation for the output power, where fs is the
switching frequency. The average output power is controlled by
simply varying the switching frequency, provided that Jcs does
a full excursion between the positive and the negative supply during
each half switching cycle, while C1 and C2 resonate predomi-
nantly with Ls.

Poyr=(C; + Cz)ngfs (D

The latter implies that the output voltage Vout must be lower
than half the supply voltage Vs, when assuming normalized trans-
former turns ratio. The parallel inductance Lp is much larger than
the series inductance Ls. Inductors, Ls (the leakage inductance)

and Lp (the magnetizing inductance), and the transformer (T) are

KOMNIKOCIe
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integrated into one physical structure, resulting in a minimum
number of components.

At high output voltages, i.e. when Ves > Vs/2, Ves is partly res-
onated by Lp at reduced frequency, and the output power is there-
fore reduced. Under no load conditions, Ves is commutated by Lp
alone, and the output voltage Vout is then equal to the supply
voltage Vs, divided by the transformer turns ratio.

3. The Control Circuit Description

Based on operational principles and welding requirements,
control circuit has been designed and all the power part and control
part simulation models has been built for PSpice A/D software.
Fig. 5 presents control part, Fig. 3 shows primary power part and
secondary part is shown on Fig. 4. To “time” the circuit, voltage
controlled ramp generator is used that employs operational ampli-
fier integrator. When ramp reaches certain voltage level, a com-
parator changes its state and switching devices commutation can
occur. In this moment, ramp generator is reset and next cycle starts

Prim1 Ro5 L14 D5 L13 R23
G [ | T YN 2 N1 YN o 1
LI LI g LT
100u 346u 20n BYT30P-600 150n 5m
Rprim R27 R4 va
c12 5 =
— Ly 02 o2 =
6n8
N &43 0
02
Prim2 o L15 D6
<3 ! 28! 21
powtrafo 346u 20n BYT30P-600

Fig. 4 Secondary part simulation model schematic
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Fig. 5 Control part simulation model schematic
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circuit timing. The slope of the ramp is defined by control voltage
that in turn determines switching frequency, and hence, output
power of the converter.

However, in the case of light load condition, Ves voltage doesn’t
exhibit full transient from Vs to zero (and vice versa) before timing
is finished and, hence, commutation has to be delayed to obtain
a full energy pulse conversion. Therefore, the circuit features a volt-
age checking part, which tracks Ves voltage (Fig. 5, 3). Due to this
fact, a reset signal for the ramp generator is gated by “Ready-V”
signal. Ves checking part that has been mentioned above provided
this signal.

Next, in a heavy load condition, output current doesn’t decrease
so fast and circuit timing is finished before current in power
switches decays to zero. The circuit has therefore next watching
part for output current tracking which generate “Ready-I” signal.
This signal provides delay to ramp reset too and ensures zero
current state for commutation.

4. Circuit waveforms

A simulation model for power circuit consisting of a primary
and secondary power part in conjunction with a control circuit
has been designed and built for PSpice A/D software.

Left side part on Fig. 6 shows Vcs voltage and rectified current
(rectifier diodes current sum). Right side part presents voltage
across and current through S1. Waveforms are valid for output
voltage equaled to 0.31 times supply voltage Vs (transformer turns
ratio N1/N2 = 4). In this case Vs = 310V, Vout = 24V, lout = 97 A,
switching frequency fs = 55 kHz. Peak switch current reaches 58 A;
voltage across switch doesn’t pass 320 V. Peak output rectifier
current reaches 215 A; current downslope value is 55 A/us.
A commutation interval is determined by timing circuit therefore
switching frequency is constant if load is lightly changed.

Fig. 7 presents the same waveforms as previous figure but
output voltage Vout is forced to 5 V. Other values are Vin = 310V,
lout = 135A, switching frequency fs is set to 26 kHz by current

400A] , 400V]

“zmanco
mo> o<

300A] 300V

200A] 200V

100A] 100V

0A] oY

“40AT 40V

14845
L ecites

o 15 155us 160us 165us 170us
Ves

Time

tracking circuit that delays reset signal for integrator circuit since
switch current decays slowly. Peak switch current reaches 72 A;
voltage across switch doesn’t pass 321 V. Peak output rectifier
current reaches 283 A; current downslope value is 21A/us.

Fig. 8 shows the waveforms for output voltage Vout forced to
60 V. Other values are Vin = 310 V, lout = 19 A, switching fre-
quency fs is 26.1 kHz due to voltage tracking circuit that checks
Ves for full swing from Vs to zero and vice versa. Peak switch current
is 18 A; voltage across switch doesn’t pass 320 V. Peak output rec-
tifier current reaches 85A; current downslope value is 39A/us.

5. Conclusion

The Zero Voltage Switching Partial Series Resonant Converter
provides the following advantages for use in arc welding applica-
tions, when being compared with present technology being used
in commercial inverter welders:

« High open circuit voltage, equal to the supply voltage Vs when
assuming a normalized transformer turns ratio.

« 50 % switching duty cycle with an output voltage lower than
half Vs, with normalized transformer turns ratio.

« Very low conduction and switching losses due to ZVS, and sinu-
soidal switch current, resulting in snubbed turn-off at reduced
current

« Obtain ZVS with the switching frequency lower than the reso-
nant frequency, reducing the size of all the active components,
including the transformer.

« Sinusoidal transformer current, minimizing copper losses.

« Low switching losses for the clamping diodes and for the recti-
fier diodes, further reducing semiconductor losses.

« Naturally constant power load line when the output voltage is
less than half Vs (normalized transformer turns ratio).

In contrast to almost all commercial DC welders, the output
of the PSRC is derived from a capacitor. This results in the fastest
possible current rise rate at arc initiation, because the inductance
of the welding cables is the only component that limits the rate of
rise of the output current.
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Fig. 6 Key waveforms for Vout = 24 V

12 « KOMUNIKACIE / COMMUNICATIONS 4/2001



4008

—4zmonc

3004

2004

100A]

400A]

“zmanCco

3004

2004

100A]

KOMNIKOCIe

C O M M UNICATI ON:S

v 400V]

me»-ro

 100A] , 400V] -

“4zmonc
me» - o

80A

.‘r
300V

300V

200V

200V

100V

100V

. a0y
1 150us 155us 160us 165us 170us 175us 180us 1855 190us 1204
B e ecinds ™ B+ Ves B

Time

Fig. 7 Key waveforms for Vout = 5V
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Fig. 8 Key waveforms for Vout = 60 V
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Rastislav Kuliha *

PRINCIPY ZNIZOVANIA RIZIKA

RISK REDUCTION PRINCIPLES

Uvedené principy sii sposoby overovania miery rizika pre spojity
systém, s casovymi vzorkami pre pozorovanie stavu systému. Navrhnutd
neuronovd siet kopiruje plochu funkciu vwkonu, na ktori si apliko-
vané niektoré Statistické postupy pre zistovanie miery spolahlivosti.

1. Uvod

Kazda cinnost, ktorej sa Clovek venuje, prinasa isti mieru
rizika pre neho, aj pre jeho okolie. Jej velkost sa da ovplyvnit na
urovni fyzikalnych dejov v systéme. Svoj vyznam ma tieZ Statis-
ticky model.

2. Funkcia stavu a vystupna funkcia

Vsetky dynamické systémy sa daji opisat sustavou rovnic
(1.1). V kritickej oblasti je A(z,x,u) < 0, nezavisle od u, pri pod-
mienke, Ze x je vychylené z x,, (hranica bezpecnej oblasti) o viac
ako e.

A
— = tx,
7 (tx.u)

Y=C-x+D-u

(L)

Je to poziadavka inherentnej bezpecCnosti, teda Ze systém by
sa mal branit vonkaj$im nepriaznivym vplyvom riadenia a samo-
volne zacat znizovaf energiu v urcitom stupni svojho vyvoja, ak
ma vlastnost bezpecnosti vrodenu. Ak sa systém povazuje za line-
arny v uritom Case i.6, s maticami 4 a B pre prvu rovnicu (1.1)
a stav x je odvodzovany z vystupnej premennej Y, pri su¢asnom
poOsobeni nezelanej viazby vystupu na riadenie u, oznaceného ako
matica D?, rozdiel e medzi dvomi po sebe pozorovanymi vektormi
Yje podla (1.2).

Pri procese riadenia retazovej reakcie je bezpecny stav systému
pri minimalnom vykone, ale je tu najvacsie riziko prechodu reak-
tora do kritického stavu na okamihovych neutronoch, so strednou
dobou Zivota /. Zjednodusend rovnica pre narast poctu neutrénov
n, pri koeficiente reaktivity k,,, je podla (1.3). Je to rovnica neza-
hriaujuca absorbéné mechanizmy, pozri [1].

€(i+1)=06-C-A-x(i))+6-C-B-u(i)+ D" (u(i + 1) — u(i))

* Ing. Rastislav Kuliha

Various ways are applied for the attestation of a risk degree for a
continuous system, with time samples for observation of the state.
The neural network has been designed. The parameters of reliability
have been calculated for flat power function.

1. Introduction

Every human activity brings about risk not only for the subject
involved in it but also for its environment. A degree of risk can be
influenced respecting physical actions in the system. The statistic-
al model has also its importance.

2. State function and output function

All dynamic systems can be described by a set of equations
(L1.1). In a danger zone there is a transition matrix A(tx,u) <0
independently on #, on condition that x is deflected from x,,
(border of safe area) more than allowed.

A
— = 1.x,
7 (tx.u)

Y=C-x+D-u

(1.1)

This is an inherent safety demand. The system should resist
outside negative command impacts. Next it should spontaneously
begin to scale down energy, by which to pass to a safer state. For
the first equation (1.1) the system which can be considered approx-
imately as linear in certain time 7.6, is described as A.x + B.u.
State x is derived from the output variable Y. The difference €
between two consecutive vectors ¥ with consideration for output
effects of unwanted control coupling D” is according to (1.2).

The process of control of a chain reaction isn’t in a safe state
if the reactor works on the minimum power [1]. Since the danger
that reactor passes to the critical state on prompt neutrons with a
mean life /; is the highest. It is necessary to control the system car-
refully in this period. A simplified equation for accumulation of
thermal neutrons » if reactivity factor is ,, is expressed in equation
(1.3). It is an equation which includes no apsorptive mechanics.

(1.2)

Department of Information and Safety Systems. Faculty of Electrical Engineering, University of Zilina, Velky diel, NF-307, 010 26 Zilina, Slovak Republic,

Tel.: +421-41-5133251, E-mail: kuliha@fel.utc.sk
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dn  ky—1
Ty
dt /

s

(1.3)

Chybna informacia o pocte tepelnych neutrénov # a zasah ria-
denia, napr. zmena k,,z 1 na 1,01 ak je pomer okamihovych neut-
ronov k tepelnym vyssi, a teda aj /; menSia, napr. 1075, ma za
nasledok taky narast n, Ze reaktor sa stane neriaditeny. Vychadza
z toho maximalna rychlost posunu regulacnych tyc¢i a inherentné
vlastnosti bezpecnosti, ako je pokles reaktivity ks teplotou, tiez
zmiernuju narast vykonu.

3. Staticky model sériového kolajového obvodu

Vlastnost inherentnej bezpecnosti nemusi byt postacujica. Je
dolezité znizit pravdepodobnost jeho zlyhania. Pri uvahe o bez-
pecnosti sustavy je potom
dolezita jej zakladna logicka 1 J

funkcia, bez dynamickych
zmien. V dvojrozmernom
priestore sa da analyzovat
model sériového kolajového

Source

N

obvodu (obr. 1). Spravanie
je zavislé od sily F, posobia-
cej na navestné relé, s hra-
ni¢nou hodnotou pre prifah
F, a prudu prechadzajuceho
kolajovym obvodom J. Jeho
hodnoty pre pritiahnutie
a odpadnutie kotvy su J,,;,
aJ,,. pre relé J. Ak je sila
F, vacsia ako F,, svieti zele-
na. Ak je prad J vacsi ako
Jonin» ZnaMena to pritomnost
vlaku. Sila F, stlacenia kon-
taktov relé N, by mala byt
potom menSia ako F,.

Kazdému bodu stavo-
vého priestoru sa da priradif
uroven bezpeCnosti. Nie je
naro¢né zostavit takéto prira-
denie a odhadnuf systém ma-
juci rovnaku funkciu, ktorého
struktura je odhadnuta a pa-
rametre vypocitané z mnoziny pozostavajucej z n dvojic m-roz-
mernych vstupnych a im zodpovedajucich k-rozmernych vystup-
nych vektorov. Z trénovacej mnoziny sa daju odhadnut vahy a prahy
neuronovej siete (NN), kritériom minima energie E. Tvori ju stucet
rozdielu §tvorcov (2.1) medzi skutoénou hodnotou S; a ocakava-
nou hodnotou vystupu O,. Struktira s 2 neurénmi v skrytej vrstve
s prahmi v;, a 1 vystupnym, s prahom ¢, a vahami synaps wy; a v;
je na obr. 2.

zy = (G TS+ va))

2 = (D + vyaf + vay))

Obr. 1. Kontakt relé J, ktoré vypina zelené svetlo
Fig. 1. Contact realy J that open green light

Obr. 2 NN, s vystupmi 2. vrstvy z; a z,
Fig. 2 NN, with output of second layer z; and z,
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dn ky—1

T,
dt /

s

(1.3)

A false report about the number of thermal neutrons # along
with a bad intervention of the control system can cause that it will
be impossible to restric the chain reaction, e.g. by the k,change
from 1 to 1.01. Considering that the ratio between prompt neu-
trons and thermal neutrons is higher than allowed then the /; is
less, e.g. 107>, the accumulation # in a time unit is very abrupt.
The reactor begins to be uncotrollable. That can be seen in (1.3).
But properties of an inherent safety as loss of reactivity with tem-
perature, mitigate the accrual of power. The mechanism of the
active safety can be defined by the equation (1.3) - limitation of
speed of regulation bars.

3. A static model of a serial railway track circuit

The property of the inherent and active
safety needn’t always be sufficient for the glob-
al safety. It needs also monitoring of the system
reliability. It means to determine its break down
possibility. It is important considering the safety
the basic logic function without dynamic alter-
ations. A serial railway track circuit model can be
analysed with regard to two variables F and 1.
This model is shown in Fig. 1.

Behaviour of this system depends on the
force F which acts at a signal relay with a limit
account for the ballast F;, and on the current
I that flows through the circuit. Its values for
pull and defection of the relay J are [, and
1. If its force F is above the measure F),, the
green signal must be flared. If [ is greater than
I, that represents a train’s attendance. After-
wards the force F, which presses the contact of
the relay N should be less than F,.

A safety level can be assigned to any point of
a state space. It isn’t difficult to arrange a func-
tion determining a level of safety of every point at
the state space. That function can be realised, for
instance, by the system, whose structure was
adjusted and the arguments were calculated
from the aggregate N couple m-dimensional
input and A-dimensional output vectors cor-
resonding to them.

7y = (O + vy S+ va))
z, = (S + vpaf + 1))

1 n
E=- > (S 0 (2.1)
k=1

x) = 1 + exp(—x)

S= 1@+ w2 T wy2,)
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1 n
E= 52 (S =0 2.1
k=1

1x) = 1 + exp(—x)

S=1le+ w2 + wyz5)

Zmena velkosti prahov ¢ v i+ 1. kroku moZe prebiehat podla
(2.2), p je momentovy ¢len (w = 0.5 + 0.7), A je rychlost ucenia
(A = 0.1). Rovnako sa postupovalo pri vypoCte ostatnych prahov
a vah. E je nutné najskor derivovat podla S, potom podla ¢, ako
zavisli premennu. Viac je mozné sa dozvediet v [3].

i

Oe

i+1

el=¢ -2

tu (@ (2.2)

4. Funkcia vykonu G

Systém je v stavovom priestore v bezpe¢nom stave, ak je jeho
funkcia vykonu G kladna. Pravdepodobnost nebezpecného stavu
je definované podla [4] ako (3.1).

D je priestor, v ktorom je G kladna. Pre koeficient spolahli-
vosti 3 plati (3.2):

The balances and bias of neural network (NN) can be adjusted
from the training set (NN) by the criterion of the mini power E.
Therefore, the energy contains the sum of square differences
between the actual output S; and anticipation sample O, from the
training set, according to (2.1). If there are more speciments than
the total energy is sum of energy for all specimens. Fig. 2 gives us
the structure with two neurons in a hidden layer with bias v;, one
neurons in a output layer, with the biasmeasures ¢, if the balances
of synapses are w; and v;. The relationship between the bias mass
@ at i+1 and at / in every time step is by (2.2). The sign u is a cell
of moment (u = 0.5 + 0.7) and the A is a rate learning (A = 0.1).
The other bias and balances must be calculated as well but they
must be in (2.2) instead of ¢. The trouble is that we must differ-
entiate £ at first after S and afterwards after ¢, respectively w;, v;
or ¥ as a dependent variable. It needs to come on like that for the
calculation of the parameters by a back propagation method. More
about that can be seen in [3].

i

i+1

A e YRR R C A 22)
¢

4. The Power function G

This method was applied also in [4]. The system situated in
a safety status at a state space, if its power function G is positive.
The probability of its transition to a dangerous state p,(3.1) and
the reliability coefficient 3 (3.2) are defined in the following way:

w=man<w)=Lﬁu;&any¢mw,Jm (3.1)
E(G(X))

B=—— (3.2)
T6x)

E je strednd hodnota funkcie G, E(G(X)) = G(m,, m,, ..., m,) =
= G(m) uvazovana ako jej velkost pre bod m, ktory je strednou
hodnotou stavového priestoru.

T =D, D
j=1i=1
o Je Tozptyl a p(X, X;) = E[(X, — X)) - (X; — X)] je koefi-
cient kovariacie [2].
Ak je v priestore X mozné uvazovat hladku funkciu G, sustavu
je mozné opisat sigmoidalnou funkciou vykonu, napriklad podla
(3.4).

0G(X)
DM;TE_

Let E be a mean value of the power function E(G(X)) = G(m,,
m,, .., m,) and m a vector mean values of components from the
state space.

G
&) (3.3)

o X))
Oy 18 @ dispersion of the variable X, p(X;, X)) = E[(X; — )7,-) .

(X; — X))] is the covariation coefficient [2]. The safety of the

system can be defined by the exponential power function (3.4).

" 1 1
G(x)= > u —— —— 3.4
( ) 1:21 Ijlz_[] 1+ S/ingX/ Yiimin | 4 S/-L\,e (X — Xji max) ( )
0G(x) N S, e T Xkmax _ g o~ (o F Xkimin) n 1 1
= u; Kix v fan — ¥ 0 H —(Xj — Xji max) Xj — Xji min (35)
0x;, = (14 S0 T ¥y o (] + 8, e (o + xpi mm)) =1 1+ Sﬂ_xg 1+ Sﬂ_”e

n: rozmernost priestoru, na ktorom je definovana funkcia G,

N: pocet oblasti, na ktorych je funkcia G definovana svojou
uroviou,

u;: velkost funkcie G na oblasti / je kladna alebo zapornd, podla
rizika,

S;;,+ priznak narastu prierezu v i-tej oblasti v smere osi j; ak exis-
tuje skok w5, = Uppgy O Sy, =1, inak je 0

n: is dimension of the area,

N: the number of areas in which the function G is defined by
a level of its safety,

the scale of G on the area i, it can be positive or negative, and
its value is according to the risk degree,

S, the accrual attribute for a cross section of the area i in dire-

jin*
ction of the axis j. If there is a jump u;,,,, — Uypey O Sy, =1,

u;

i
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S, priynak poklesu prierezu v i-tej oblasti v smere osi j; ak exis-
tuje skok u;,,0 = Ujin » inak je S = 0.
Pre funkciu na obr. 4 a oblast (F>F,,J <J,,,), naobr. 3 je
i=4.Teda Sy, = Sp, = 1, Sjuy = Spue = 0. Ale pre i = 3,
(F<F,,J>J,,),i€S53,=0,8S3, = 1,Sm, =1, S, =0.

Xji mins Xji max- DOdy 12 osi j, v ktorych nastava prechod u; u;,,,, —
= Uppin TSP Ui = Uimgx-

Pre tento pripad je pocet oblasti N = 5 a existuju dve stavové
premenné Fa J, teda n = 2, priCom hodnoty funkcie G mozu byt
podla obr. 3.
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S, the decrease attribute for a cross section of the area i in dire-
ction of the axis j. If there is a jump u,,,,,., — u,,,;, for this area
w0 S =1
For the function in Fig. 4 and area (F > F,, J <J,,;,), Fig. 3, is
the number of the area i = 4. Thereafter S;,, = S, = 1,
Sy = Spy =0. But for area i =3, (F<F,, J>J,,),
Spn = 0,83 = 1.8, = 1. S, = 0,

X; min: the point in this axis j at which a jump u,,,, — U, 18

determined for u;; when we describe point x; .y © Uimin = Uimay-

For this case is number of area N =

= 5, (3.4). There are two variables of

state Fand J, hence area dimension is n =
2, and values of G can be seen in Fig. 3.

Imin '.' —
Funkcia vykonu G podla + - +
(3.4) je na obr. 4. Je vycho- Lnax
diskom pre NN so 6 skrytymi +=-=- +
neurénmi, ak vstupné vzory Fi

su z priestoru (J,F). Odozva
skutocnej NN je na obr. 5.
Chyba E bola ako na obr. 6.
Najvhodnejsie je zvysit Cas
vyskytu systému v bode (0,10)
priestoru (J,F), (obr. 7). Taky

Obr. 3 Hodnoty funkcie G. Podla poctu znamienok ,+*
a " je urcend pribliznd velkost funkcie vykonu
Fig. 3 Values of the power function G. It is according
to number of signs

Fig. 4 gives us the power function G
by the formula (3.4). This function is a
source for NN with 6 six hidden
neurons, if the input models are from its
area (J,F). The response of actual NN
(Fig. 5) is not accomplished. The weights
are in Tab. 1. The error E calculating in

Obr. 4 Funkcia vykonu G
Fig. 4 Power function G

60

50

40t

pals

10F

0 50 100 180 20 %0 0 #0 AW
krok algeritmu
Obr. 6 Energia pre iterdcie od 0 do 400
Fig. 6 Energy for iteration for steps from 1 to 400

Obr. 5 Odozva NN pre 160 vzorov
Fig. 5 NN reaction for 160 samples

Obr. 7 Funkcia B, pri malom statistickom rozptyle
Fig. 7 Reliabilly coefficient B for a little statistical dispersion in every point
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stav by bol z hladiska spolahlivosti najprijatelnejsi, ale prevadzka
by bola slaba, stale by svietilo Cervené svetlo.

Vysledok algoritmu pre najoptimalnejSie vahy, ak su zaciatoc-
né hodnoty zvolené z normalneho rozdelenia, je v tab. 1. Oznace-
nia su ekvivalentné obr. 2, len pocCet skrytych neurénov je vyssi.
V skrytej vrstve je 6 neurénov.

all steps in the back propagation algorithm is in Fig. 6. The best for
the reliability is to advance the time occurrence system at the point
(0,10) of area (J, F), (Fig. 7). It is also little effective, because the
action circuit is active in the area G > J,,,;,,. The exit from the algo-
rithm, hence optimal balances, if the initial amounts of the values
are from a normal distribution is in tab. 1. Marks are equivalent
Fig. 2; only the number of the hidden neurons is higher. There are

6 units in the hidden layer.

Parametre NN Tab. 1 Parameters of NN Tab. 1
w=(1.0287 09086 3.7054 2.4374 1.3019 3.5697) w=(1.0287 09086 3.7054 2.4374 1.3019 3.5697)
v= —5.3882 v= —5.3882

—0.7918 0.6228 -0.7918 0.6228
—0.7364 0.5455 —0.7364 0.5455
_ 0.7354 0.9761 _ 0.7354 0.9761
—1.8929 0.8742 VI -1.8929 0.8742
—1.4530 1.1581 —1.4530 1.1581
1.0960 —4.1485 1.0960 —4.1485

¢ =(—1.0084 —0.7046 —4.6716 7.0999 0.8789 1.0774) ¢ =(—10084 —0.7046 —4.6716 7.0999 0.8789 1.0774)

5. Zaver 5. Summary

Prvky aktivnej bezpecnosti zarucuju riadenie s dostatocnou
rezervou pri nepritomnosti vrodenej bezpecnosti systému. Vychadza
Z pozorovania stavu. Matica D” (1.2) moze byt priCinou skresle-
nia stavu systému pozorovaného na vystupe Y. Funkcia G zostavena
podla (3.4) je vhodna aj pre viac rozmerov a pre trénovanie viac
ako dvojvstupovych NN.
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STRUKTURALNE A MORFOLOGICKE VYSETROVANIE
STARNUTIA HYDRATU KYSLICNIKA WOLFRAMOVEHO PRI
1ZBOVE] TEPLOTE V ALKALICKOM VODNOM PROSTREDI

STRUCTURAL AND MORPHOLOGICAL OBSERVATIONS ON TUNGSTEN OXIDE HYDRATES
AGED AT ROOM TEMPERATURE IN ALKALI CONTAINING AQUEOUS ENVIRONMENT

V prispevku je analyzovany proces starnutia zin kyslicnika wolframového (H,WO,.H,0) pri izbovej teplote pripraveny metodami

Freedmana [J. Am. Chem. Soc. 81 (1959) 38 B4.] ([ Na] zvysok < 10 ppm) a Zocherom a Jacobsonom [Kolloidchem. Beih. 28 - 6 (1929) 167]
([Na] zvysok < 10 ppm). Porovndvajii sa tieto dve pripravné metody a charakteristiky starnutia. Zistené boli vretenovité tvary - Zocherov
typ zfn md silnu tendenciu k morfologickej zmene zavislej od velkosti pH obklopujiiceho vodného roztoku. Rastrovacia elektromikroskopia
(SEM) a Fourierova transformacnd interferencnd spektroskopia (FTIR), ktorej stidie sii prezentované, ukazujii na vysokii Strukturdlnu
a mofrologicku stabilitu Freedmanovho typu zfn, co méze byt zmenené pritomnostou alkalickych ionov. Bolo zistené tiez isté vmiesavanie
kationov.

The room temperature ageing process of tungsten oxide hydrate (H,WO0,.H,0) grains prepared by the methods of Freedman [J. Am.
Chem. Soc. 81 (1959) 3834.] ([Najresidual = 10ppm)) and Zocher and Jacobson [Kolloidchem. Beih. 28-6 (1929) 167.] ([Najresidual =
100ppm) has been studied. A comparison between two preparation methods and ageing characteristics is given. It is found that spindle shaped
- Zocher type grains have a strong tendency to morphological conversion depending on pH value of surrounding aqueous solution. Scanning
electron microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR) studies have shown that the high structural and morphological

stability of Freedman type grains can be altered by presence of alkali ions. Moreover, some incorporation of cations was observed.

1. Introduction

Tungsten oxide hydrates are important basic materials for the
tungsten industry involving the production of carbides, hard metals,
heavy metals and electronic materials [1]. Due to the wide interest
in science and large applicability in modern technology, numer-
ous investigations were made on them. Several decades earlier this
compound was successfully nominated as the parent phase for
metastable hexagonal tungsten oxide representing an optimal sub-
stance in intercalation chemistry [2]. Starting from the same basic
material with considerably high level of persistent background
chemical impurity (residual sodium) and deliberately added organic
residue, besides the hexagonal form an another metastable poly-
morph, the cubic tungsten oxide with enlarged stability range was
prepared in our laboratory [4]. In the latest reports new interesting
properties came to light of already realized or prospective tung-
sten compounds, which could be easily synthesized from tungsten
oxide hydrates [5]. Localized high critical temperature (7,) super-
conductivity was found on the surface of sodium doped tungsten
oxide by Levi et al, thus initiating a potential candidature for tung-
sten oxides among superconductive materials which could revo-
lutionize transportation, communications and could have impact

* Csaba Balazsi, Judit Pfeifer

to several branches of industry. All of these observations enhance
the necessity to control the alkali content and to establish the role
of alkali concerning preparation processes and properties of deriv-
atives. Other up to date applications such as electrochromic, pho-
tochromic and gasochromic devices using tungsten oxide as the
basic-active material have attracted worldwide interest in recent
years [6, 7, 8, 9]. These phenomena are related to color changes
induced in selected materials by reversible electro-, photo-, gaso-
chemical processes. The color changes result from the generation
of different electronic absorption bands in the visible region,
which is correlated to redox states switching. In commercial pro-
duction for example, electrochromic or photoelectrochromic (elec-
trochromic/solar cell sandwich constructions) windows, variable
reflectance (antidazzle) mirrors for automobiles are already real-
ized applications [6]. However, still uncertainty remained relat-
ing the mechanism of chromism phenomenon, such as long-term
degradation and sensitivity against environmental conditions [8,
10]. Electro-, photo- and gasochromic devices are realized mainly
by thin film processing, assuring porous structures and columnar
morphologies for insertion host, enhancing ion mobility. Com-
paring the properties of films with bulk materials (grains in powder
form) may result in new, surprising facts [9]. Continuing our study

Research Institute for Technical Physics and Materials Science, Hungarian Academy of Sciences, Hungary, Budapest XII., Konkoly-Thege ut 29-33.
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on ageing tungsten oxide hydrate grains [11], in this paper we
present results on long-term observations of tungsten oxide hydrates
grains in aqueous environments containing various alkali ions
Li*, Na*, K* and NH, " with various concentrations.

2. Experimental method

Zocher (Z) type preparation. A typical Z preparation is pre-
sented in Table 1. Na,WO, - 2H,0 was dissolved in deionized
water (70 g/1) and the solution was cooled to 5 °C. 1N hydrochlo-
ric acid solution (18 % in excess of equimolar reaction ) cooled to
the same temperature was added to the solution in several doses.
The mixture was stirred (120 rpm, blade: 52 X 30 mm?) for 1.5 hr
in an ice bath and for 0.5 hr at room temperature. The precipitate
was separated by centrifuging (5000 rpm). Washing of the pre-
cipitate was carried out by addition of water to the precipitate at
room temperature followed by stirring and keeping the solid parti-
cles dispersed in the liquid. At the end of a washing step the mixture
was centrifuged. Several washing steps were applied. After each
washing step samples from the centrifuge were dried in exsiccator
at room temperature and passed for investigations. The washing
conditions were varied by the variation of the volume of the
washing liquid, the stirring time and the duration of the washing
steps, the effective time while the precipitate was contacted with
the washing liquid. After each washing step samples with their
mother liquids were collected to ageing analysis. In the case of
Z preparations duration of one and two month was chosen for
ageing observations. Properly cleaned polythene, or Teflon labo-
ratory vessels and tools, deionized water (2 /.LSCIIl_l) and analy-
tical grade reagents were used for the experiments.

Freedman (F) type preparation. Tungstic acid hydrate samples
were prepared following the preparation route of Freedman [12]
for comparison (Table 1). Washing of these precipitates was carried
out by 0.IN HCI solution on filter. Stirring and centrifuging were

not used for the preparation of these samples. For long-term ageing
investigations the tungsten oxide hydrate gels were mixed with
water or alkali tungstate solutions and allowed to stay under solu-
tions in polypropylene containers. The following alkali tungstates
were deliberately added to solutions: potassium tungstate (K, WO, -
- 2H,0), sodium tungstate (Na,WO, - 2H,0), lithium tungstate
(Li,WO,) and ammonium metatungstate ((NH,)¢H,W 50,4 *
- 2-6H,0, with WO; %: 91.3%, NH; %: 3.35 %). The suspensions
in containers were regularly re-mixed by hand shaking. Four months
and 24 months ageing times were chosen for the F suspensions at
room temperature.

Characterization of samples. The pH values of the washing
liquids were also determined. The procedures of the sodium analy-
sis have been described earlier [16]. X-ray powder patterns were
recorded at room temperature in a Guinier focusing camera using
CuKa radiation (A = 0.154051 nm). Infrared absorption spectra
were taken by BOMEM MB-102 FT-IR spectrophotometer equipped
with DTGS detector, at a resolution of 4 cm™ !, in the range of
400-4000 cm ™ '; 2 mg/g KBr pellets were used. The morphology
of the solid products was studied by scanning electron microscopy
with a JEOL-25 microscope. Samples of the strongly adhering
powder for SEM have been prepared by controlled dispersing of
the powder in deionized water [13]. Droplets of the mixture were
poured on conductive specimens and after drying covered with
a layer of sputtered gold.

3. Results and discussion

Evolution of morphology of Z type particles during ageing
process is presented in Fig. 1. Spindle shaped morphology of
H,WO, - H,0 particles (Fig. 1a) do not represent the final stage
of morphology conversion. On longer interaction with liquid (long
term ageing at room temperature) fine microsteps develop around
the edges of the spindle shaped particles which finally transform

Table 1

Summary of the preparation conditions for typical Z and F type grains. The concentration of Na is determined by atomic absorption
spectroscopy, crystallographic structure by Guinier patterns and FTIR measurements [13]; drying: in exsiccator at room temperature.

Sample Precipitation conditions Washing conditions Product of preparation
Quantity of Temperature ~Number of  Volume of Stirring Centrifuging, Time of XRD [Na] in solid
starting  of precipitation = washing washing 5000 rpm interaction in  Guinier [ppm]
Na,WO, - [°C] steps liquid one step
2H,0 [ml] [h]
[g]
Z 10.5 5 5 600 mechanical, 3 min ~1 H,WO, - H,0 200
120 rpm,
15 min
F 16.5 25 3by 0.IN 2000 none None 0.12 H,WO, - H,0 <10
HCl on filter

Samples Z were prepared similarly to the method reported by Zocher [14]; Sample F1 was prepared following the method of Freedman [12]
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a) Spindle shaped H,WO, - H,0 particles
Bar: 1 um

b) Particles with intermediate morphology
Bar: 1 um
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c) Angular platelets of H,WO, - H,0
Bar: I um

Fig. 1

into angular platelets as it was earlier observed [23] and studied
by us in details [3,13]. Particles of H,WO, - H,O with deteriorated
spindles and intermediate morphology are shown in Fig. 1b. In
Fig. 1c well-developed angular platelets represent the final mor-
phology of H,WO, - H,O observed after one month in aqueous
ambient at room temperature. In earlier reports [3, 11] the pH values
were identified, which accurately have described the ranges for
morphological changes of Z, type particles. Shape conversions
occurred in a pH band from 2.9 to 3.6 during one month ageing,
and an enlarging tendency for pH band was observed from 2.8 to
4.9 in the case of two month ageing process [11].

Details about F type particles ageing characteristics can be
followed in Table 2. Adhered irregularly shaped submicron grains
of freshly prepared F preparation are shown in Fig. 2a. Similar to
Z type particles well developed rectangular platelets can be observed
after two month ageing in alkali ion free aqueous ambient
(Fig. 2b). After 4 and 24 months of ageing on infrared spectra of the
un-doped sample a structural conversion, dehydration of H,WO,
- H,0 to WO, - H,O can be followed (Fig. 3). Room temperature

FTIR absorption bands assignations of the ageing products are
presented in Table 3. At ageing of the grains in ammonium tungstate
solution the transformation of the grains into new phase(s) are
shown in Fig. 2d. After 4-month contact at room temperature
between tungsten oxide hydrate grains and NH4+ solution a peak
at 1400 cm™ ! has appeared (Fig. 4b). This peak can be observed
after 24 months contact at the same concentration as well (Fig. 4c).
A change (breaking of bonds) in W = O and W — O — W bonds
at lower vibrations than 1200 cm ™! can also be noticed (Table 3.)
Moreover, in the case of sample with higher concentration (Fig.
4d) even after 4 months aging one can observe a strong peak at
1400 cm ™. In this case the vibration changes below 1200 cm ™!
-presenting degradation of material- are more clearly shown. We
found the peak at 1400 cm™! evolved in the case of S,/[Li"]
sample as well, but with lower intensity than presented in the
NH," case. In solutions with Na* and K™ only a small peak is
developing at 1400 cm ™' and the degradation of crystalline
phase is more pronounced. According to reference [17], we assign
this peak at 1400 cm ™! with modes of adsorbed OH ™, the pair of
this vibration being overlapped with stronger vibrations of struc-

Summary of ageing conditions for F type particles. Samples S1/[Li+] Table 2
and S1/[Na+] dissolved in the alkali tungstate solutions after a few days.
Sample H,WO0, - H,0 Added alkali tungstate solution pH immediately pH after
g Volume ml Concentration of after mixing 2 months
alkali ion, N
Sundoped 0.72 76 2.34 2.23
S,/[NH,"] 0.72 50 0.095 2.49 2.59
S,/[NH,"] 0.72 28 0.017 2.12 2.00
S,/[K*] 0.72 50 0.095 6.88 6.28
S,/[K*] 0.72 30 0.016 3.61 3.92
S,/[Na*] 0.72 50 0.097 6.42 6.22
S,/[Na*] 0.72 30 0.016 3.61 4.42
S,/[Li"] 0.72 50 0.095 5.96 6.33
S,/[Li*] 0.72 30 0.016 3.31 5.06
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Fig. 2.

tural water in our case (in the range of 3000-3600 cm ™ 1). On the
basis of IR spectroscopic measurements we consider that this
peak is an indicator for the presence of alkali ions in solution. In
this regard is interesting to recall some of the discussions about
several ion insertion studies [8,18,19]. J-G. Zhang et al. [18] con-
sidered the following ion-exchange reaction at Li+ insertion in
WO3 films, for small x values in Li,WO;: (W — OH) + Li*" -
- (W — OLi") + H™. They found a diffusion coefficient for Li™
higher in the presence of humidity than in dry environment. In
agreement with our observations, their IR measurements also showed

a peak at 1400 cm ™!, but discussions about it were not given.
Papaefthimiou et al. constructed an efficient electrochromic (EC)
device with significant contamination of H,0 and OH™ shown in
their IR and XPS (X-ray photoelectron spectroscopy) measure-
ments. They note that diffusion coefficient is high in presence of
OH ™ radicals during Li™ intercalation process. The irreversibility
of this process however (when most of the exchangeable OH™
radicals are exhausted) may lead to degradation of EC device. Not
surprisingly, we found in ageing products the 1400 cm ™! peak well
developed in the case of Li* which has the smallest ionic radius,
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Room temperature FTIR absorption bands assignations of the ageing products, drying: in exsiccator at room temperature. Table 3
Assignations vHOH (H,0) S6HOH (H,0) W =0 0-W-0 60—-W-0 W-0OH Reference
Sample (W—OHNH,)
Sundoped 3536 1605 1005 682 425
4 month ageing 3374 940 630 377
3177 910
Sundoped 3424 1626 945 665 - [17]

24 month ageing

S,/INH,] 3549 1630 1010 785 (426) 1406 [17, 20, 21]
4 months ageing 3409 947 721
3195 922 671
918
S,/[NH,] 3549 1630 1009 719 466 1410 [17, 20, 21]
4 months ageing 3407 947 659
3204 926
S,/[NH,"] 3557 1636 1010 681 (466) 1410 [17,20,21]
24 months ageing 3434 954
3208 951
o N
28

Absorbance, arbitrary units

Wave number (,:m-1

Fig. 3.
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Absorbance, arbitrary units
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Wave number, cm-1

Fig. 4.

60(+1) pm. In the case of NH," that has ionic radius larger than
Na® — 95(+1) pm and K* — 133(+1) pm we should consider the
role of large amount of proton species chemically present on neigh-
boring places close to tungsten-oxygen octahedral units (WOg). In
our opinion this fact could explain the increasing peak intensity
with increasing ion concentration (Fig. 4). Judeinstein and Livage
[24] have recently measured a lithium diffusion coefficient 10-100
times greater for WO; monohydrate than for anhydrous WO;. The
authors assumed that water molecules were strongly involved in
the ionic conduction mechanism (e.g. Li* ions in WO, - H,0
remain close to the water molecules in the interfoliar space, whereas
the whole oxide is affected in the anhydrous oxide). Cheng et al.
and Gui et al. have published IR data for ammonium tungstate com-
pounds (NH,OH), - WO; (0.13 <x < 0.33) and (NH,),,sWO; -
- 1/3H,0 revealing a well-developed peak at 1400 cm” . Summa-
rizing the presented literature data and our FTIR results it can be
concluded that ageing at room temperature in alkali solutions
resulted in incorporation of alkali ions into the tungstate structure,
NH," represents the most relevant case in our examinations.
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4. Conclusions

Zocher and Freedman type acidic precipitation of tungsten
oxide hydrate grains have been performed. Considerable differences
have been found between Z and F type preparations. High mor-
phological and structural stability of F type grains can be altered
by the presence of alkali ions in solution. The grains develop into
a more regular shape in un-doped low pH ambient. In the presence
of cations the preservation of the grain shape, the intergrowth of
grains and the full recrystallization depend on the chemical char-
acter (and concentration) of the cation. On long-term observations
a peak at 1400 cm ™! is developing on IR spectra. Compared with
literature this peak should be assigned with W — OH vibration,
but taking into consideration the insertion processes more likely
with W — (OHNH,) vibration. The important role of OH ™ radi-
cals should be underlined.

The study was performed within a research program supported
by the Hungarian National Research Fund (OTKA, grants no. T
032730) and Janos Bolyai Research Foundation.

24 « KOMUNIKACIE / COMMUNICATIONS 4/2001



KOMNIKOCIe

C O MMUNICATION:S

[31 BALAZSI, Cs.: Materials Structure, Bull. Czech-Slovak Cryst. Ass. Vol. 6, Nr. 2 (1999) 135.
[4] BALAZSI, Cs., FARKAS-JAHNKE, M., KOTSIS, 1., PETRAS, L., PFEIFER, J.: Solid State Ionics 141-142 (2001) 411-416.
[5] LEVL Y., MILLO, O., SHARONI, A., TSABBA, Y., LEITUS, G., REICH, S.: Europhys. Lett., 51 (5), (2000) 564-570.
[6] GRANQUIST, C. G.: Handbook of Inorganic Electrochromic Materials, Elsevier, 1995.
[7] LAMPERT, C. M.: Sol. Energy Mater. Sol. Cells. 52 (1998) 207.
[8] PAPAEFTHIMIOU, S., LEFTHERIOTIS, G., YIANOULIS, P.: Solid State lonics 139 (2001) 135-144.
[9] DELICHERE, P., FALARAS, P., FROMENT, M., GOFF, A. H-L.: Thin Solid Films 161 (1988) 35-46.
[10] LAMPERT, C. M.: Sol. Energy Mater. Sol. Cells. 6 (1999) 449.
[11] BALAZSI, Cs., PFEIFER, J., TOTH, A. L., MIHALY, J.: Proceedings Transcom '99, S6, 59-62.
[12] FREEDMAN, M. L.: J. Amer: Chem. Soc. 81, 3834 (1959)
[13] BALAZSI, Cs., PFEIFER, 1.: Solid State Ionics 124 (1999) 73-81.
[14] ZOCHER, H., JACOBSON, K.: Kolloidchem. Beih. 28, (6), 167 (1929)
[15] GERAND, B., NOWOGROCKI, G., FIGLARZ, M.: J. Solid State Chem., 38, 312-320, (1981)
[16] PFEIFER, J., GUIFANG, C., BUXBAUM, P. T., KISS, B. A., FARKAS-JAHNKE, M., VADASDI, K.: J. Solid State Chem. 119,
9097 (1995)
[17] DANIEL, M. F.,, DESBAT, B., LASSEGUES, J. C., GERAND, B., FIGLARZ, M.: J. Solid State Chem. 61, 235-247 (1987)
[18] ZHANG, J. G., TRACY, C. E., BENSON, D. K., DEB, S. K.: J. Mater. Res., Vol. 8, No. 10. (1993)
[19] DINI, D., DECKER, F.: Electrochimica Acta, Vol. 43, Nos 19-20, (1998) 2919-2923.
[20] CHENG, K. H., JACOBSON, A. J., WHITTINGHAM, M. S.: Solid State Ionics, 5 (1981) 355-358.
[21] GUI, C., SHANG-CI, Y., JUAN, Z.: J. Cent. South Univ. Technol., Vol. 31, 6 (2000) 502-505.
[22] MARCEL, C., TARASCON, J. M.: Solid State Ionics, 143 (2001) 89-101.
[23] FURUSAWA, K., HACHISU, S.: Sci. Light (Tokyo), 15 (1966) 115. I and II.
[24] JUDENSTEIN, P., LIVAGE, J.: J. Chim. Phys. 90 (1993) 1137.

KOMUNIKACIE / COMMUNICATIONS 4/2001 25



KOMNIKOCIe

C O M MUNICATION:S

Jana Vaclavkova - Ludovit Kupéa *

APLIKACIA SKUSKY TYPU SMALL PUNCH TEST
PRI HODNOTENI DEGRADACIE, VLASTNOSTI MATERIALOV

TLAKOVEJ NADOBY REAKTORA

A SMALL PUNCH TEST METHOD APPLICATION FOR THE EVALUATION OF REACTOR
PRESSURE VESSEL MATERIAL PROPERTIES DEGRADATION

Prispevok popisuje stanovovanie zdkladnych mechanickych viastnosti materidlov tlakovej ndadoby reaktora (TNR) pomocou skiisky typu ,small
punch test”. Najvicsou vyhodou skiisok tohto typu sii malé rozmery vzoriek, a teda nizka spotreba casto origindlneho skusobného materidlu.
Pouzitim skusky small punch test moZeme stanovit nasledovné hodnoty zdkladnych mechanickych vlastnosti:

o medza klzu a medza pevnosti v tahu,
 prechodovd teplota vrubovej hiiZevnatosti,
o lomovd hiiZevnatost.

Tito metodika skiisania je siicastou Nového programu overovacich vzoriek, koordinovaného VUJE Trnava, a. s. Program sa zaoberd hod-
notenim viastnosti materidlov TNR jadrovej elektrdarne starsieho typu V-1 v Jaslovskych Bohuniciach. V prispevku je popisand metodika vyhod-
nocovania vysledkov, metalografickd priprava malych vzoriek, a aj porovnanie vysledkov skiisky small punch test s vysledkami standardnych

skusok mechanickych vlastnosti.

In this paper we describe a new non-standard method for estimation of the reactor pressure vessel (RPV) materials mechanical properties
by a small punch (SP) test. The great advantage of the SP test method is a low volume of test samples.
Using this method it is possible to obtain the following data of basic mechanical properties:

o the yield stress and ultimate tensile strength,
« ductile-brittle transition temperature,
o the fracture toughness value.

This method has been involved in the VUJE project “New Surveillance Specimen Program for Jaslovské Bohunice V-1 nuclear power plant
(NPP)” (NSSP). This paper describes the basic information about a testing procedure, metallographic preparation of test samples and
comparison between results from standard tests and this new testing method.

1. Introduction

Presently, there has been a number of investigations on the
evaluation of mechanical properties of various alloys using the
small punch test method [1-3, 6].

Small punch testing methods are very popular now due to the:

« low consumption of the original testing material,

« relatively simple evaluation,

» possibility of using universal and cheap testing machines,

« uniformity of specimen for the several type of testing procedures.

However, the details of the method employed by individual
research teams have differed somewhat from one to the other
according to:

« specimen size and shape,

* Ing. Jana Vaclavkova, doc. Ing. Ludovit Kupca, CSc.

« punching tool (ball or rod),
« configuration of testing holder,
« number of specimen for one type of material, etc.

Most of research teams used this method for mechanical prop-
erties of metallic materials evaluation, but relatively few investiga-
tions have dealt with irradiated specimen [6].

Various standard tests are available for the determination of
mechanical properties such as tensile strength, ductile-brittle tran-
sition temperature and fracture toughness, which are required for
the structural integrity assessment of NPP components. In order
to study irradiation damage, small samples are required because
there are limitations on a sample size in irradiated material testing
evaluation. SP samples have a great advantage in reducing the
radioactivity of the irradiated materials for their small volume.

VUIJE Trnava Comp., Okruzna 5, 918 64, Trnava, Slovak Republic, Tel.: ++421-805-5991564, 5991560, Fax: ++421-805-5991502,

E-mail: vaclavkova@vuje.sk, kupca@vuje.sk
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The SP procedure has also advantage for the determination of
material properties, which are highly dependent on the local
microstructure (e.g. heat affected zone).

2. Basic information on a small punch test method
2.1 Outline of the test

Figure 1 shows the set up for the small punch test. The prin-
ciple of our testing procedure is penetration of the disk sample by
hemispheric rod [5]. Disk shaped sample has 8 mm in diameter
and 0.5 mm in thickness (Figure 2). The specimen holder consists
of a lower and upper die and holder body. Using this specimen
holder, the specimens are prevented from cupping upward during
punching and therefore, the plastic deformation is concentrated in
the region below the punch rod. Using a relatively simple system
with recorders of the load and deflection values, we can obtain the
following data of basic mechanical properties:

LOAD

)

_-SPECIMEN

Fig. 1. The set up for the SP test procedure

0,5+ 0,005

Fig. 2. The SP sample dimensions
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a) The yield stress and ultimate tensile strength at room temper-
ature, which are correlated well with the parameters P, and
P, respectively. P, and P, are the loads corresponding to
the yield and maximum strength of testing material.

b) Ductile-brittle transition temperature (DBTT) measured by
a Charpy test can be predicted from the results of temperature
dependence of small punch energy (SP energy) determined
from the area under the load - deflection curve.

c) Fracture toughness J;- can be evaluated using equivalent frac-
ture strain &,

2.2 Apparatus

The testing is performed on a universal test machine INOVA
TSM 10, equipped with load recorder, crosshead speed recorder,
and data recorder for registration of load-deflection curves. Special
fixture is used for the fixing of specimen and realization of SP test.
For the low-temperature test, special temperature chamber cooled
with liquid nitrogen vapor or liquid nitrogen is used[8].

2.3 Evaluation method of the base mechanical
properties

2.3.1 Tensile properties

A typical load-deflection curve is shown in the figure 3. The
loading force P at initial localized plastic strain is P, and load
maximum, P,,,., can be related to the yield strength and the ulti-
mate tensile strength, respectively. The empirical linear relation-
ships can be expressed by equation:

otv, max ku, max + q (1)
where k, ¢ are constants obtained from comparing small punch

results and results from the standard tensile test on the reference
material.

1400

1200 r\

1000
Z 80
§ 600 Finax
-

400

200 R

% 05 7 15 2 25

Deflection [mm]

Fig. 3. Typical load-deflection SP curve for 15Ch2MFA material
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2.3.2 SP Energy and SP ductile-brittle transition
temperature (SPDBTT)

SP energy is estimated from the area under the load-deflec-
tion curve up to the fracture load or maximum deflection. Numer-
ical integration method is used for the estimation. SPDBTT is
defined by temperature at the energy level

SPDBTT = (SPmax + SPmm)/2 (2)
where SP,, .. and SP,;, are energies at the upper and lower shelves,

respectively. SP energy was analytically related with the ductile-
brittle transition behavior by several authors. SPDBTT is approx-
imately linear correlated with DBTT measured by a Charpy test
using formula:

TTsp= a . DBTT 3)

where « is correlation coefficient [6].

2.3.3 Fracture toughness

According to Mao et al. [3] §*/t, is related to the equivalent
fracture strain €,, by equation:

£, = In (1/1%) = B (8*/1o)? )

where 7* is the minimum thickness at the fracture portion and 7,
is initial thickness of specimen, B is a constant, and 6* is the
maximum deflection at fracture. J;- can be estimated by a corre-
lation between €, and J, obtained for testing material.

3. Application of the small punch test for NSSP
3.1 Materials

The experimental materials were base material, weld metal and
heat affected zone of the RPV 15Ch2MFA steel. From this type
of material we prepared samples, which hat been irradiated in
power reactor in Jaslovské Bohunice V-2 NPP unit 3 [4, 9].

3.2 Sample preparation

The testing results are extremely depended on the quality of
specimen preparation. Samples are polished by one of the follow-
ing methods:

« manually polish on the polishing papers for final thickness,
« grinding on the horizontal machine and then manually polish
on the papers.

We have tested a new effective polishing method of the SP
sample preparation, using the metallographic polishing machine
on the special abrasive disks, which is illustrated on the figure 4.
Three special holders are used for the fixation of four samples in
each holder.

Fig. 4. Metallographic polishing machine with special holders

3.3 Testing conditions

Yield strength and ultimate tensile strength are evaluated by
ambient temperature. The fixing torque is less than 5 Nm.
Crosshead speed was 2 mm/min. For the evaluation of the ductile-
brittle temperature, we used special cooling chamber. Testing was
performed in the range temperatures from 77 K to ambient tem-
perature. Temperature precision is controlled by system of the
three thermocouples. Crosshead speed was higher (3 mm/min)
than for tensile testing to achieve the constant temperature during
the single test. For the evaluation of the fracture toughness value,
we used cross section measurement of the sample after the pene-
tration. Fracture thickness portion and initial thickness of speci-
men were measured by image analyzer procedures.

3.4 Correlations and examples of the initial state
RPYV materials results for NSSP

Correlations of SP parameters with the tensile properties for
the base material and weld metal are described in Ref. [6]. Both
SP and standard tests were done at room temperature. P, and P,
correlate well with yield strength and ultimate tensile strength,
respectively.

Table 1 summarizes the results from SP test for tensile proper-
ties estimation.

SP results for estimation of the tensile properties Table 1
for the 15Ch2MFA steel
Material P P, R, R, R,* R*
[N] [N] | [MPa] | [MPa] | [MPa] | [MPa]

1274 316 657 512 641 525
1298 318 602 479 589 467
1328 330 685 540 - -

base material

weld metal
HAZ

* average results from standard tests
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Example of the temperature dependence of SP energy for the | Transition temperatures for materials from NSSP Table 2
base metal RPV is shown on the figure 5. In this case, SPDBTT is Matorial CharpyV oot SP fost
defined as the temperature corresponding to the middle energy
between the energy at the intersection of the two fitting curves TTkevso TTpi TTap TTsp
and energy at 50 K. [C] [C] [C] [C]

BM —43 —16 - —15.2
WM —15.4 -12.9 1.2 —15.5
2500 HAZ - - - ~35.2
g 2000 -
Z Value of ng was calculated using equations from chapter 2.3
§ 1500 - using both formulas. For the weld metal RPV, J, obtained from
2 standard test versus &, calculated from these equations is plotted
; 1000 - in figure 6. This curve will be used for evaluation of the J,. shift
g after irradiation in the NSSP [3]. Table 3 summarized fracture
S 500 toughness values measured on ambient temperatures by standard
. test on the COD samples and by small punch test.
0 ¢ ¢ ¢ ¢
50 100 150 200 250 300 Fracture toughness values measured on ambient Table 3
Temperature [K] temperatures for NSSP materials
Fig. 5. Temperature dependence of the SP energy for 15Ch2MFA Material Jie standard COD Jic SPT o
[MPa.m™ 7] [MPa.m™ 4]
BM - 369
_ 200 WM 179 163
= 180 1 HAZ - 306
g‘ 160 -
= 140 -
§ 120 A
£ 100 - 4. Conclusions
%’ 80 -
o 601 From the experiments follow these main conclusions:
2 40 4 « SP test methods are suitable for basic mechanical parameters like
E 20 + tensile properties, evaluation of DBTT or fracture toughness.
0 j j j j j « The great advantage of SP test methods is a low consumption
0.4 0.6 0.8 1 1.2 1.4 1.6 of experimental material and possibility to use this method for
SP equivalent fracture strain irradiation experiments in power reactors.
« Geometry of specimen is convenient for properties evaluation

Fig. 6. Correlation between J,. and €, for the weld metal RPV of the heat-affected zone.

Transition temperatures from standard Charpy-V tests and Main goal for the future is to standardize SP method for
small punch tests are summarized in the table 2. industrial applications.
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Fakulta $pecialneho inzinierstva Zilinskej univerzity v spolupraci
s Ministerstvom hospodarstva Slovenskej republiky organizuje v diioch
22. a 23. maja 2002 VII. medzindrodnii vedeckii konferenciu Riesenie kri-
zovych situdcii v Specifickom prostredi

Konferencia sa bude rokovat na plenarnom zasadnuti a v Styroch
sekciach:
Sekcia ¢. 1: Krizové riadenie a krizové planovanie
Sekcia €. 2: Poziarna ochrana a zachranné sluzby
Sekcia €. 3: Bezpecnostny manazment - ochrana osdb a majetku
Sekcia ¢. 4: Ludsky Cinitel v krizovom riadeni

Konferencia sa uskutoéni v priestoroch Zilinskej univerzity.

Vsetkych zaujemcov srdeCne pozyvame.

CRISES SITUATIONS
SOLUTION 2002

The Faculty of Special Engineering of the University of Zilina in
cooperation with the Ministry of Economy of the Slovak Republic is
organizing from 22 to 23 May, 2002 the Seventh International Scientific
Conference devoted to Crises situations solution in specific envir 1.

The conference will proceed in plenary session and in these four
sections:
Section No. 1: Crisis management, crisis planning
Section No. 2: Fire prevention and safeguarding services
Section No. 3: Security management - people and property protection
Section No. 4 : Human factor in crisis management

The conference will be held at the University of Zilina.

All interested are cordially invited.

Sekretariat konferencie:
Fakulta §pecialneho inZinierstva Zilinskej univerzity v Ziline
Secretary of the conference:
The Faculty of Special Engineering of University of Zilina, Slovakia,

Ing. Ladislav Novak, PhD.
Ul 1. méaja 32, B-27, SK-010 26 Zilina, Slovakia, Tel.: ++421-41-7633320, ex. 242, 244, Fax: ++421-41-7234972,
E-mail: novak@fsi.utc.sk, www.utc.sk/fsi/
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ARCHITEKTURA DOJEDNAVANIA SIRKY PASMA

V SIETACH DIFFSERV

BANDWIDTH BROKER ARCHITECTURE FOR DIFFSERV NETWORKS

Bandwith Broker (BB) je automatizovany manazér zdrojov v architektiire diferencovanych sluzieb. Riadi alokdciu zdrojov podla poZiada-

viek na kvalitu sluzby v rdmci jednej alebo ndslednych domén podla dostupnych zdrojov a kontraktu o kvalite sluzby, ktory bol dohodnuty
medzi zdkaznikom a poskytovatelom sluzby. Ak je pouZité multidoménové riadenie zdrojov, systémy dojedndvania Sirky pdsma vyjedndvajii
navzdjom v mene inicidtora sluzby. Navyse sa tieto systémy tiez zuicastnuju v komunikdcii tranzitnych domén koordinovanim dohéd o kvalite
sluzby poskytovanej na rozhrani medzi doménami. Boli navrhnuté rozne architektiiry BB a niektoré z nich boli dokonca aj implementované.
Vsetky sii ale len v predbeznom stadiu alebo neriesia podstatné problémy, ako napr. obojsmernd alokdcia zdrojov. V tomto ¢lanku navrhujeme
BB architektiru, ktora md funkcie riadenia pre autorizdciu, podporuje kvantitativne a kvalitativne sluzby, dojedndva obojsmernii alokdciu
zdrojov a podporuje riadenie zdrojov, ktoré je nezavislé od vyrobcu, t. j. nevyzaduje Ziadne iipravy softvéru alebo hardvéru v chrbticovych sme-
rovacoch.

A Bandwidth Broker (BB) is an automated resource manager in the Differentiated Services architecture. It manages Quality of Service
resource allocation requests within a single or successive DiffServ domains based on the available resources and on the Service Level Agreements
formerly negotiated between the customer and its service provider. If used for multi-domain resource management, BBs negotiate among each
other on behalf of the service initiator. Additionally, BBs also participate in transit domain communication by coordinating SLAs across domain
boundaries. Various BB architectures have been proposed in the recent years, some of them even have been implemented, but all of them are
in a preliminary stage or do not address important issues such as bi-directional resource allocation. In this paper we propose a BB architecture
that includes policy manager functions for authorization, supports quantitative and qualitative services, handles bi-directional resource
allocation and features a vendor-independent resource allocation approach, i.e., neither software nor hardware modification of core routers are

required.

1. Introduction

Internet quality of service insurance has attracted substantial
interest in recent years, because the best-effort service quality
currently offered by the Internet does not meet requirements of
real-time applications appearing on the market. Therefore, service
providers are finding it necessary to offer their customers various
levels of service. Continuing research has yielded two approaches
for providing Quality of Service (QoS). The Integrated Services
(IntServ) architecture [2] differentiates services on a per-flow
basis. The Differentiated Services (DiffServ) [1] [3] architecture,
on the other hand, divides the network into domains with their
own resources and aggregates traffic flows into classes to avoid
the scalability problem of IntServ caused by the per-flow differen-
tiation.

In this architecture QoS enforcement is basically realized by
two entities [1]: core routers that are located internally in a DS
domain without any interface to the outside world, and edge

* Qctavian Pop, Tamas Mahr, Timea Dreilinger, Robert Szabo

routers that connect one DS domain to a node in another DS
domain or in a domain that is not DS capable. According to the
former separation core routers only handle IP packets according
to their pre-assigned service classes attempting to provide the
required quality. On the other hand, edge routers realize the
storing of flow related information and most of the complicated
functions e.g. policy control and flow classification.

In the DS architecture two service models are distinguished,
where the service is the overall treatment of a defined subset of
a customer’s traffic within a DS domain or end-to-end. In the
absolute service, the user is assured of the requested performance
level at the expense of strict admission control functions. Accord-
ingly, requests are rejected if there is not enough available resource
to accommodate the new service without violating the quality of
already existing services. With relative services, users are only
assured of relative differentiation; which can be provided without
explicit admission control function by some active queue man-
agement algorithms or packet schedulers.

High Speed Networks Laboratory, Department of Telecommunications and Telematics, Budapest University of Technology and Economics,
H-1117, Pazmany Péter sétany 1/D., Budapest, Hungary, Tel.: +36-1-463 2187 Fax: +36-1-463 1763,

E-mail: {pop, mahr, dreiling, szabor}@ttt-atm.ttt.bme.hu
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The Internet Engineering Task Force (IETF) has also developed
RFCs that not only describe the above mentioned DiffServ func-
tional architecture, but standardize some externally observable
forwarding attributes called Per-Hop-Behavior (PHBs) of a Diff-
Serv-compliant node.

Efficient use of absolute services implies signaling: customers
should be able to signal their demands to the service provider.
There is an obvious need for on-demand call admission control
mechanisms to admit connection requests to the network based on
available resources in the network. Following a positive acknowl-
edgement edge routers must be configured accordingly. A policy
manager should further authenticate and check the authorizations
of each service requester based on the SLAs. SLA (Service Level
Agreement) [1] is a service contract between a customer and
a service provider that specifies the service customer should receive,
where the customer may be a user organization or another DS
domain. Flows traversing multiple DiffServ domains can only be
served by enabling communication among successive Internet
Service Providers (ISPs). All of these functions can be achieved by
entrusting the resources of each DiffServ domain to a centralized
manager agent called a Bandwidth Broker (BB) [6].

Figure 1 shows a sample network scenario [4]. Roughly, if
user A wants to reserve resources for sending data to user B, he will
send a request to the BB1. BB1 checks the SLA of user A (policy
server function) and if authentication and permissions are ade-
quate BB must check resource availability in its domain (call admis-
sion control). Since the reservation is initiated for multiple domains
in our case, there is a need for communication between BB1 and
BB2 (inter-domain communication). Note that BB2 also has to make
the call admission control for its own domain to establish end-to-
end reservation. Finally, the BB1 configures the edge routers to
classify the user A data into the appropriate class.

Intra-domain

communication

\\ Intra-domain

\ Intra-domain
gommunication

jommunication

Fig. 1. Bandwidth Broker in a DiffServ domain

Our goal was to design and implement a Bandwidth Broker
architecture for a Linux-based DiffServ test bed. We designed and
added to our BB a resource reservation scheme that requires
neither software nor hardware upgrades in core routers. There
already exists a similar idea independently developed and pre-
sented in [7], however the method to determine the reservation
path for flows was not sufficiently elaborated or presented. There-

fore, we created and implemented a lightweight route discovery
technique that is independent from the underlying routing protocol
and the domain topology. Our proposal also handles path chang-
ing in a network. Another important issue is the problem of reser-
vations for destination requested flows (backward reservation), i.e.,
where the service requesting entity acts as a sink for a QoS flow
while the sender is unaware of QoS signaling. Note that most can-
didate QoS applications require either bi-directional or such a des-
tination requested flow, e.g. Internet telephony or video-on-demand.
To the best knowledge of the authors neither the problems of
reservation for destination requested flows nor their possible solu-
tions are discussed in the literature. However, in our proposal we
address this problem too.

In what follows, section 3 outlines our BB architecture. It
covers the supported services and the necessary QoS forwarding
mechanisms as well as our proposed resource allocation tech-
nique. We present our resource reservation signaling focusing on
the proposed path discovery scheme for call admission control
and the backward resource reservation method. Section 4 sets forth
some implementation issues and finally we conclude the work in
section 5.

2. The proposed BB Architecture
2.1. Supported Services

Our objective was to concentrate on two very typical services,
one in the absolute, and one in the relative service group. Our first
supported service is a Virtual Leased Line (VLL), the second, a rel-
ative one, is called Better than Best Effort (BBE), which is based on
assured forwarding per-hop-behavior (AF-PHB) [12]. The VLL
service, based on expedited forwarding per-hop-behavior (EF-PHB)
[13] offers guaranteed bandwidth, delay and jitter characteristic for
real-time applications. In contrast, BBE offers only three packet
dropping levels that assure a higher-level class always has a lower
dropping probability than a lower-level class. Since network resource
usage cannot grow unbounded beyond the actual capacity, for VLL
service it is necessary to support call admission control. In contrast,
BBE requires no additional mechanisms, but the forwarding func-
tion, which itself assures the necessary relative service differentia-
tion. BBE is only effective with applications using TCP, because it
contains flow and congestion control mechanisms allowing active
queue management algorithms to take back transmission rates by
dropping packets. This way congestion results an unfair competi-
tion for resources between TCP and UDP flows [ 14]. Applications
expected to potentially use VLL service in the future will require
resource allocation from and/or to the service requester.

In order to use any of the VLL and BBE services users have
to reach an agreement (SLA) with the service provider.

2.2. Call Admission Control

Connection admission control refers to the process performed
by BB of admitting connection to the network based on available
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resources in the network. As we mentioned before, VLL requires
a strict admission control scheme.

2.2.1 Distributed vs. centralized Call Admission Control

Some schemes use hop-by-hop (distributed) methods, where the
overall decision is the sum of successive decisions performed locally
at each node along the path that the flow traverses. Notable example
protocols are RSVP (Resource reSerVation Protocol) [8] and
Boomerang [9]. This scheme has two major drawbacks. First, this
is vendor-dependent and each router has to support the same func-
tion to be effectively deployed. Second, timing considerations also
need to be addressed: routers knowing of free resources in other
routers on a timely basis could result in greater network utilization.

Alternatively, one may centralize the admission control decision
for an administrative domain. However, this requires the BB to be
aware of the flow’s path and resource availability along this path.
We solved this problem as follows: the BB determines the path in
question via a lightweight route discovery method. Since this uses
an IP’s record route feature (a mandatory part of the protocol),
this does not break compatibility with other routing protocols, and
does not require modification of hardware/software in routers.
This brings up another problem: change in the routing tables of
domain routers is harder to handle. One may use an SNMP trap,
but this requires the routers and topology maintenance of the
domain. We propose to check the routes of active connections peri-
odically instead. This also does not require modification of core
router software/hardware.

2.2.2. Measurement vs. reservation based
admission control

The decision may be based on measurements, this is mainly
adequate for a centralized scheme. Edge routers may measure some
performance metrics in a DiffServ domain and the results may
directly determine the acceptance or rejection of new connections.
The measurements can also be made on an end-to-end basis by
checking the resource availability with probe traffic [10] [11]. The
other alternative is to use a reservation based admission control, i.e.
the used/available resources are tracked and allocation requests
are rejected accordingly. We have used this kind of call admission
as the VLL service must provide hard guarantees for real-time
applications thus one cannot risk the overbooking here.

2.3. Resource Reservation Signaling

Resource reservation signaling consists of two sub-parts: route
discovery and resource reservation for self-destined flows.
2.3.1. Route discovery signaling

We named our proposed route discovery scheme used along
the call admission control to Discover Forwarding Path (DFP) mech-

KOMNIKOCIe

C O MMUNICATION:S

anism and works as follows. Customers demand services by passing
Resource Allocation Requests (RAR) messages to their BBs. The
RAR contains the required service type, traffic descriptor (for
VLL), destination address, ingress edge router, flow direction and
time duration of service reservation. The customer may pass the
RAR to the IP address of the BB. In our method, customers send
the RAR to their ingress router, which in turn forwards it to the
BB of the domain. The RAR of the user can thus omit the ingress
edge router address; the edge router itself will add it to the RAR
packet (Figure 2, messages #1 and #2). Upon the reception of a new
RAR message in the BB, it asks the ingress edge router (message
#3) to send a special empty IP packet with the IP record route
option preset toward the flow’s destination. This DFP packet follows
the path that the flow will take. All core routers add automatically
their used outgoing interface address to the DFP packet (Figure 2
messages #4, #5 and #6). Egress edge routers must capture these
DFP packets before leaving the domain to turn it back to the BB
(Figure 2. message #7). The BB now knows which router inter-
faces’ utilization have to be checked and accepts/rejects the flow
accordingly.

T i

Core Router Core Router

Fig. 2. Route discovery method

2.4. Backward resource reservation

We designed resource reservation signaling with resource
reservation going from a sender to the service requester (backward
direction) in mind. This is not a trivial venture, as initially nothing
prevents destination-originated flows (service requester) from
having different paths from source-originated flows. Technically,
any resource reservation must be started from the source’s domain
and not from the service requester’s. The RAR is then sent to the
destination domain’s BB, and therein lies our problem: the desti-
nation domain’s BB does not have global network topology knowl-
edge. Our ICMP-based solution is presented in Figure 3.

The numbers in figure 3 depict the following sequence of

events:

1. User sends the RAR to its BB (through ingress edge router)
for a flow having the destination the user itself.

2. BB belonging to the user’s domain sends this request in a special
marked ICMP-ECHO request packet to the flow source.

3. The source end-host automatically replies with an ICMP-ECHO
reply packet
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BBDB

Bandwidth Broker
1
Edge Router

Destination
domain

End H;ost

—
—’EW BBDB
Ba idth
Broker

Edge Route

Edge Router

Router

Edge Router 4 4

AL TR A s

Bandwidth Broker

Source domain

Fig. 3. Backward resource reservation

4. The source’s edge router catches this packet, as it is a special
marked ICMP-ECHO reply. Then, the withdrawn request is
sent to the BB of the source domain.

5. This BB performs local Call Admission Control (CAC), and
sends the request to the neighboring domain.

6. The BB of the neighboring domain also performs local CAC,
and the request gets back to the destination domain. The BB
of the destination domain - depending on the collected infor-
mation and its resources - may accept or reject the request.

RAR Neighbouring
interface Core BB interface
ElE|E|E £

DFP Interface [ Database Interface | Config Interface

Pluggable
DFP modul

Pluggable
SQL modul

Pluggable
diffspec

L/

3. Implementation issues

Both our BB functions and the edge router control plane
functionality are implemented in C programming language, while
the policy database is stored in PostgreSQL.

Our BB implementation exhibits a modular architecture. The
two pluggable modules are the SQL module and the DFP module
that are connected to the core by predefined interfaces and can be
exchanged. This is useful, if we for instance implemented a new

] ) BB-DFP | | ICMP 1 —
| BB config. . || record
interface
route
Diffspec
DFP module
Linux kernel

Fig. 4. BB and edge router implementation
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DFP method or if one wants to replace the database server. The
SQL module gives abstract access to a database and different
implementations of the interface functions allow a given database
to fit in the architecture seamlessly.

The BB core has two socket interfaces, which is supported to
reach its services. One interface we defined for users to commu-
nicate with through the edge routers and one for neighboring BBs.
Connection requests arrive to these sockets and the core runs
threads for each request. The inter-domain request handling thread
is not yet designed because there areconsiderations that interop-
erability issues should also be considered toward different vendor
implementations. The user request handling thread accomplishes
the CAC decision task after receiving the RAR from the user.

The edge router software consists of two parts. One of them
is the diffspec daemon for configuring QoS mechanisms developed
at University of Kansas [5] that handles the diffserv configuring
requests of the BB (configures filters, meters, etc.). The other is the
DFP handler that consists of two more processes. One to receive
the DFP requests from the BB (ingress edge router) and send the
IP addresses to the BB (egress edge router), while the other one
launches the DFP packet (ingress) and catches them up (egress).

5. References
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4. Conclusions

In this paper we have presented a Bandwidth Broker (BB)
architecture. In the BB approach to DiffServ networks a centralized
automated resource manager performs admission control, resource
provisioning and other policy decisions.

Our proposed architecture manages QoS resource allocation
requests arriving at a DiffServ domain based on available resources
and SLAs in effect among users and ISPs. Hence our BB provides
policy and resource-based call admission control, as opposed to
other proposed solutions.

Since we chose the centralized call admission model, we
designed and implemented a lightweight route discovery technique.
This is independent from the underlying routing protocol and
domain topology, solves the path-changing problem by periodic
queries and it does not require any modification of core router
software.

We proposed a possible implementation of resource reserva-
tion for destination-requested flows, i.e., a backward resource
reservation, based on ICMP-ECHO messages. At the best infor-
mation of the authors neither the former problem nor its solutions
are discussed in the literature.
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Lubo$ Buzna *

NAVRH STRUKTURY DISTRIBUCNEHO SYSTEMU S POUZITIM
UDAJOV O SKUTOCNOM OSIDLENI ZASOBOVANE]J OBLASTI

THE DISTRIBUTION SYSTEM DESIGN PROBLEM APPLYING REAL SETTLEMENT DATA

Obtiazny sposob ziskavania skutocnych hodnot vstupnych paramet-
rov je problematickym miestom ndvrhu Struktiry distribucného systému.
Pre nadvrh Struktiry distribucného systému je v tomto clanku pouZitd
metdda spojitej aproximdcie. Hlavny prinos cldanku je v pouZiti skutoc-
nych ddt o osidleni okolia okresnych miest, ktoré pokladame za miesta
vhodné na umiestnenie termindlu. PouZitim tychto udajov ziskame
podrobnejsi model distribucného systému pre metodu spojitej aproxi-
madcie. Umiestnenie jednotlivych termindlov urcime pomocou metody
vwuZivajiicej schémy.

1. Uvod

Uloha navrhu struktury distribuéného systému je viacuroviiovy
rozhodovaci problém. Uroveii rozhodnutia zavisi od predpoklada-
nej doby platnosti daného rozhodnutia. Pocet a umiestnenie ter-
minalov definuju strategické rozhodnutia. Rozhodnutia o prideleni
zakaznikov a vozidiel ku terminalom st ur¢ené na taktickej tirovni.
Na operativnej urovni sa rozhoduje o ¢asovych a priestorovych
rozvrhoch vozidiel.

Terminal je miesto v distribucnom systéme, ktoré umoznuje
manipulaciu a skladovanie distribuovaného tovaru. Tovar je tu
nakladany a vykladany na vozidla a prestvany v ramci prekladiska.
Predpokladame, Ze kazda jednotka tovaru na svojej ceste z primar-
neho zdroja k spotrebitelovi prejde prave cez jeden terminal.
Clanok nadvizuje na vyjadrenie nakladov vznikajtcich v distri-
bucnom systéme podla Daganzo [1]. Hlavna snaha spociva v co
najvacSom zrealneni priemernej vzdialenosti spotrebitela od ter-
minalu, ktora vystupuje vo vyjadreni dopravnych nakladov. Toto
spresnenie dosiahneme, ked' pouZzijeme skutoéné udaje o osidleni
Slovenskej republiky.

Vypocitame priemernu redukovanu hustotu rozmiestnenia oby-
vatelstva v zavislosti od vzdialenosti zakaznika od mozZného umiest-
nenia terminalu (v naSom pripade su moznymi umiestneniami
terminalov vsetky okresné mesta). Minimalizovanim takto spres-
nenej ucelovej funkcie ziskame vel'kost plochy /, ktort je optimalne
obsluhovat z terminalu za uvedenych predpokladov. Pocet termi-
nalov ur¢ime podelenim celkovej plochy plochou / a zaokruhlenim
tejto hodnoty. Konkrétne umiestnenia terminalov ziskame pomocou
pristupu vyuzivajuceho schémy, ktory je blizSie popisany v Buzna

[4].

* Ing. Lubos Buzna

The complicated way of obtaining true values of entry parameters
is a weaker part of distribution system design problem. This paper uses
a continuous approximation approach to identify an optimal number
of terminals. It is focused on applying real settlement data obtained

from close surroundings of towns that are suitable for placing termi-

nals. This more detailed information about settlement is used to obtain
a more precise model for continuous approximation. The schemes
location procedure is here used for a location of terminals.

1. Introduction

In the distribution system design problem decisions are made
at several levels. The level of the decision depends on time dura-
bility for which a decision is made. The number and terminal
location are defined at a strategic level. Decisions about customers
and vehicle allocations are assigned on a tactical level. Vehicle
routes are designed at an operation level.

The terminal is a place in distribution system, where it is pos-
sible to tranship and store items. Items are loaded and unloaded
at vehicles here and they are moved intraterminally. We assume
that items pass exactly through one terminal during their transit
from a primary source to a customer. This topic is based on a cost
expression according Daganzo [ 1], the main goal is to obtain a more
precise formulation of average distance from the terminal to a cus-
tomer, which is used in the total cost expression. We can obtain
this more detailed expression, when we use real data about the
Slovak Republic.

We compute an average reduced spatial customer density,
which depends on a customer distance from feasible terminal
location (in our case that are all district towns). We will minimize
this more detailed cost function and we will search a size of the
influenced area, which is optimal, when all suppositions are satis-
fied. We obtain the exact number of terminals by dividing the total
area by the influenced area. We determine the towns, in which ter-
minals should be allocated by a procedure using schemes, which
are described in Buzna [4].

Faculty of Management Sciences and Informatics, University of Zilina, Moyzesova 20, SK-01026 Zilina, Slovak Republic
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2. Metoda spojitej aproximacie

Princip tejto metody spociva vo vyjadreni celkovych jednot-
kovych nakladov na dopravu, vznikajucich pri preprave tovaru od
primarneho zdroja az ku konecnému spotrebitelovi, ako funkciu
terminalom ovplyvnenej plochy /. Terminalom ovplyvnena plocha
ma kruhovy tvar a terminal je umiestneny v strede tohoto kruhu.
Predpokladame, Ze vsetky uvazované oblasti maju rovnaku vel'kost.
Namiesto celkovych nakladov za uvazované casové obdobie pouzi-
jeme vyjadrenie jednotkovych nakladov, ktoré ma tento tvar:

S = fr (D + 1D + f(D) (1

Kde /(1) su naklady vznikajuce v terminli (naklady na zria-
denie terminalu a naklady na manipulaciu). Tieto naklady si moZeme
vyjadrit nasledovne:

_
frh = @

kde f'predstavuje sucet fixnych nakladov s manipulacnymi nakladmi.
Priemernd intenzita poZiadaviek spotrebitela v [t/km>.rok] je
oznacena ako A. Predpokladame, zZe A je na celej ploche oblasti R
konStantna.

Naklady f;(1) st sposobené dopravnou pracou pri zasobovani
terminalu z primarneho zdroja a nakladmi spésobenymi viazanim
kapitalu v tovare pocas jeho skladovania v terminali. Pre vyjadre-
nie tychto nakladov je potrebné urobit tieto predpoklady. Predpo-
kladame, zZe trasy vozidiel maju tvar, primarny zdroj - terminal -
primarny zdroj a tiez to, Ze vozidla su vzdy plne naloZené. Potom
mozZeme tieto naklady vyjadrif nasledovne:

2nyr (D) n 13K imax
Klmax A[

Sth= , 3)
kde n; su jednotkové naklady na jeden kilometer jazdy vozidla
zasobujuceho terminal, r,(/) je priemerna vzdialenost terminalu
od primarneho zdroja. Ak predpokladame
obdiznikovy tvar zasobovanej oblasti R
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2. Continuous approximation approach

The principle of this approach is based on the expression of
a total transport cost between the primary source and customers
as a function of size of a terminal influenced area /. The terminal
influenced area has a round shape and the terminal is situated in
the middle. We assume that all the considered areas of each ter-
minal have an equal size. Instead of the total cost during the time
period we will use a proportional cost, which belongs to the pass
a one item through the distribution system. This cost has the fol-
lowing form:

S = 1D+ f,(D + £,(D) (D

In the expression, f;-(/) is terminal cost (rent and handling
cost for terminal). We can estimate f;(/) by the following expres-
sion:

_S
Jr(D) = A )

where fis sum of rent and handling costs. An average demand
density rate [item/km>.year] is marked with symbol A. We con-
sider that A is constant for the whole area R.

The inbound cost f;(/), which is caused by transport opera-
tions between the primary source and terminals and contains also
pipeline inventory cost. If we want to express this cost, the fol-
lowing assumptions must be made . We assume that vehicle routes
have the form of the primary source - terminal - primary source
and vehicles travel fully loaded. Then f;(/) can be expressed in the
following way:

2”1’1(1) + clhKlmax
Klmax A

A = , 3)
where 1, is cost per vehicle - kilometer from the primary source to
terminal and r;(/) is an average distance from the primary source

to terminal. We consider elongated
R shape of the area R, which is rectangu-

s dizkou dlhsej strany L a polohu primar-
neho zdroja na kratSej strane obdiznika
v polovici jej vysky (obr. 1), potom:

1 Frimaty soutce

lar with length L. When the primary
source is located by the edge in half of
its height (Fig. 1), then:

L L
()= (4 ) =— 4

2 2
. L . .
O dopravnom parku zasobujucom ter- € > We suppose that the fleet i.e. vehi-
minaly budeme predpokladat, Ze je homo- Obr. 1 cles traveling from the source to termi-
génny a Ze K., j¢ maximalna kapacita Fig. 1 nals is homogenous. The vehicles are

vozidla, ¢, su niklady na kapital viazany
v jednej jednotke tovaru za planovacie obdobie.

Poslednou zlozkou nakladovej funkcie (1) su naklady sposo-
bené zasobovanim spotrebitelov z terminalu. Vyjadrime ich nasle-
dovne:

2n0r0([) + Con KOmax 0

fO(I) B KOmax )\

, (%)

kde n, su jednotkové naklady na jednotkovu vzdialenost vznikajuce
pri zasobovani spotrebitelov, r,(/) je priemerna vzdialenost spo-

capable to carry K, items. We con-
sider that ¢, is a holding cost per item-day.

The last part (1) is an outbound cost expressing a delivery cost
for customers from the terminal. We can write:

2ngr ConKomax 0
ofo(D) 4 oo

fO(D - KOmax A

, (%)

where n, is cost per vehicle-kilometer from the terminal to a cus-
tomer and (/) is an average distance from the terminal to a cus-
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trebitela od terminalu (jej popis je obsahom dalsej kapitoly), Ky p,ax
je maximalna kapacita vozidiel zasobujucich spotrebitelov, c,, je
cena kapitalu viazaného v jednej jednotke tovaru pocas zasobovania
spotrebitelov (Casto c,, = c;,) a 0 je priemerna priestorova hustota
obyvatelstva (celkovy pocet obyvatelov rozpoc€itany na celkovu
plochu zasobovanej oblasti |R]).

3. Priemerna vzdialenost zakaznika od terminalu

Ak predpokladame, Ze obsluhovana oblast R je rozdelena na
rovnaké kruhové oblasti a terminal je umiestneny v strede tychto
kruhov, potom mozeme priemernu vzdialenost spotrebitela od
terminalu vyjadrit v kazdej z oblasti nasledovne:

j d(x,, x)h(x)dx
I

ro(h) =
j] h(x)dx

(6)

kde /(x) je hustota rozmiestnenia obyvatelov na ploche (pocet
zakaznikov na jednotku plochy), A(x) si vyjadrime v zavislosti od
vzdialenosti od terminalu r, teda budeme predpokladat, ze body
leziace na kruhoch so stredom v mieste terminalu maji rovnaku
hustotu osidlenia.

Pre vsSetky okresné mesta SR (okrem Specifickej Bratislavy
a Kosic), ktoré povazujeme za kandidatov na umiestnenie termi-
nalu, sme zvolili po¢iatoény polomer kruznice 5 km, ktory sme
postupne zvacSovali o 0,3 km a v jednotlivych medzikruziach sme
spocitali redukovanu hustotu osidlenia (pocet zakaznikov - oby-
vatelov zijucich v medzikruzi podeleny obsahom medzikruZzia).
Redukovana hustota osidlenia okolia mesta je hustota osidlenia,
ktora do okolia mesta (kandidata na umiestnenie terminalu) neza-
pocitava obyvatelov miest, ktoré¢ maju vacsi pocet obyvatelov ako
je polovica poCtu obyvatelov mesta, pre ktoré redukovanu hustotu
vypocitavam. Pre toto obmedzenie sme sa rozhodli hlavne preto,
lebo nepredpokladame, zZe pri zasobovani budeme vozit tovar
z mensSich miest do vacSich, ale skor naopak. Ziskali sme takéto
udaje o vsetkych 69 okresnych mestach, spriemerovali sme ich
a vyhladili pomocou kizavych priemerov a hladali sme pre ne
metodou najmensich Stvorcov ¢o najlepsie analytické vyjadrenie.
Pricom sme museli brat do Gvahy tvar vyrazu (6) a jeho integro-
vatelnost. Ako najvhodnejsia sa ukazala funkcia:

1
ar+ b

hy(r) = ©)
pre hodnoty parametrov a = 0,000444 a b = 0,017647. Vysledok
zobrazuje graf ¢. 2. Vypocet hustoty sme uskutocnili pre 80 kilo-
metrové okolie miest, Co pri teoretickom celkovom pokryti plochy
SR kruznicami zodpoveda trom kruzniciam.

Hustotu /,(r) sme ziskali priemerovanim redukovanej hustoty
a preto nezodpoveda skutocnému poctu obyvatelov. Prepocitali sme
h,(r) tak, aby zodpovedala pre r€(0,80) tretine poctu obyvatelov
SR.

1

tomer (next chapter gives more details about ry(/)), Kj.x denote
a maximum capacity of vehicles supplying customers, c,, is
a holding cost per item-day (usually c,, = ¢,,) and & is a uniform
spatial customer density [customer / area] (it is a total number of
customers divided by the total size of area |R]).

3. Average distance from customer to terminal

When we assume that the total area R is divided to equally
circuit areas and terminals are situated in the middle of circles,
then we can express the average distance from a customer to the
terminal in the following in way:

j d(x,, x)h(x)dx
I

ro([) =
fl h(x)dx

(6)

where A(x) is a spatial customer density (number of customers per
unit area). We express A(x) as a function of distance customers
from the terminal ». We will assume that points situated at the
circle, which has its center in the terminal, have an equal spatial
density.

For all district towns (without specific areas of Bratislava and
Kosice), which are candidates on the terminal, we chose an initial
radius of circle a 5 km, we increased step by step this radius by 0.3
km and we computed a customers density rate in rings (number
of customer - inhabitants divided by an area of ring). A reduced
customer spatial density is a density of settlement in the surround-
ings of a town (candidate on terminal), which doesn’t add cus-
tomers situated in a town with more inhabitants than a half of
inhabitants living in the studied town. We decided for this restric-
tion, because we didn’t consider to supply a bigger town from
a smaller town. We obtained the data from all 69 district towns,
we made averages and effaced this average curve with running
averages. With the smallest square approach we found an analytic
approximation of this curve, we had considered the formula (6)
and its integral. The following formula fits our purpose best:

hy(r) = (7N

ar+b

where parameters have the settings @ = 0.000444 and b = 0.017647.
These curves are depicted in the Fig. 1. The computation we made
for town circles surroundings with a radius of 80 km. To cover the
Slovak Republic with those circles we would need three circles.

The £,(r) was averaged and reduced and it is not equivalent

to a real number of customers. We adapted /,(r) to one third of
inhabitants of SR for r&(0,80).

1

h(r) = +N=
") ar+ b

+ 57,43 (8)

0.000444 - r + 0.017647
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Takto sme ziskali vysledny tvar hustoty osidlenia, ktory sme
pouzili pri vypocte priemernej vzdialenosti spotrebitela od termi-

nalu, potom (1) bude mat tvar:

S =

I

+

M

4. Vypoctové experimenty

60

80

100
r[km]

We obtained the final form of the spatial customer density
function and we can use it for enumeration average distance cus-
tomers from the primary source, then (1) has the following form:

Pouzili sme rovnaké hodnoty vstupnych parametrov ako
v Clanku Buzna [4], aby sme ziskali lepSiu moznost porovnania

vysledkov s predchadzajicim menej
podrobnym pristupom. Oblast ma
plochu |R| = 49034 km? a dizku
L = 418 km. Maximalna kapacita
vozidiel K|nax 80 t a ich
dopravné naklady st n, = 10 Sk/km,
spotrebitelia st zasobovani autami
s maximalnou kapacitou Ky, =
=2,5 t a ich naklady na dopravu su
no = 5 Sk/km. Priemerna priesto-
rova hustota rozmiestnenia zakazni-
kov je & = 102,04 zakaznikov/km>
pre SR a A sme si urCili ako
A =3.4 t/(km>.rok). Ostatné koefi-
cienty sme predpokladali takto,
Cop = €1, = 2000 Sk/(t.rok) a f =

total costs [Sk/t]
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4. Numerical experiments

[~/ 7

J'V ki + Nr?\dr
o \ar+b

'

Vo r

J' K ( + Nr)dr
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We used the same entry parameters as Buzna in [4], to get
a better possibility for comparison of results with a previous non-

detailed cost

— non detailed cost

0

10000

20000

=1 500 000 Sk. Analytické vyjadrenie pre I* sa nam nepodarilo
najst, tak sme sa uspokojili s numerickym rieSenim. Graf ¢. 3 zob-
razuje zavislost nakladovej funkcie (9) a nakladovej funkcie podla
¢lanku Buzna [4], ktora nezohladfiuje nerovnomerné osidlenie.
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obr. 3
Fig. 3

40000

50000

60000

| km?]

detailed approach. The
region has an area |R| =
= 49034 km? and the
length L = 418 km. The
maximum capacity of
vehicles K., = 80 t
and their n; = 10 Sk /km,
customers are supplied
with vehicles capable of
carrying Ko, = 2.5t
and their ny, = 5 Sk/km.
The uniform spatial cus-
tomer density is 6 =
= 102.04 customer/km?
for SR and A is deter-
mined as A = 3.4 (item

per year and square kilometer). Other coefficients we supposed
this ¢y, = ¢;;, = 2000 Sk/(item.year) and f = 1 500 000Sk. We
haven’t found an analytical expression for /*, we have satisfied the
numerical solution. In fig. 2 are depicted cost (9) and non-
detailed cost from Buzna [4].
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Optimalna plocha zasobovana z jedného terminalu, ktora
minimalizuje nakladovt funkciu (9) je pre dané vstupné udaje
* = 19600 km?, ¢o zodpoveda trom terminalom. Postup umiest-
nujuci pozadovany pocet stredisk na suvislej ploche vyuzivajuci
schémy, ktory je popisany v Buzna [4], umiestnil terminaly do
tychto miest - Trnava, Zvolen a Gelnica.

5. Zaver

Hlavnym cielom tejto prace bolo spresnif navrh struktury dis-
tribuéného systému. Pri vypoCte boli pouzité skutoné udaje
o osidleni zasobovanej oblasti, ktoré boli spracované popisanym
sposobom. Z uvedenych vysledkov vyplyva (pozri graf ¢. 1), Ze
v blizkom okoli vacS§ich miest je vysSia koncentracia osidlenia, ktora
postupne so vzdialenostou od terminalu klesa. Pretoze hustota osid-
lenia nie je rovnomernd, r,(/) je mensia, a preto aj celkovy pocet
stredisk vySiel mensi (optimalny pocet stredisk za predpokladu
rovnomernej hustoty osidlenia pre dané vstupné udaje je Sest).
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The optimal I* is 19 600 km?2. Tt corresponds to three termi-
nals. The schemes location procedure described in Buzna [4]
located terminals to Trnava, Zvolen and Gelnica.

5. Conclusion

The main goal of this paper was to obtain a more precise pro-
cedure to design the structure of distributions system. We used real
data about settlement of the influenced area, which we treated in
a described way. From the results we can see (Fig. 1) that in the
closed surroundings towns the concentration of a settlement is
bigger. The concentration is gradually descending with the dis-
tance from town. Because the concentration is not uniform the
ro(J) is smaller and the total number of the terminal is smaller too
(optimal number of terminals for uniform density of settlement is
six for this entry data).
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VPLYV KOROZIE VYSTUZE NA SPOIAHLIVOST EXISTUJUCICH

BETONOVYCH KONSTRUKCII

INFLUENCE OF REINFORCEMENT CORROSION ON RELIABILITY

OF EXISTING CONCRETE STRUCTURES

Kvalita a trvanlivost betonovych konstrukcii sti ovplyviiované
velkym mnozstvom degradacnych vplyvov. Clanok sa zaoberd kordziou
vistuze a jej vplyvom na spolahlivost existujiicich betonovych kons-
trukcii. Pre zistenie vplyvu boli pouzité dva modely pre vypocet pasiv-
neho stdadia a dva modely pre vypocet aktivneho stddia. Na vypocet
casovo zavislej odolnosti konstrukcie sa pouZil pravdepodobnostny
pristup. V zdvere c¢lanku je zndzornend zmena pravdepodobnosti
poruchy konstrukcie v ¢ase a jej zodpovedajiici index spolahlivosti
v dosledku korozie vystuZe.

1. Uvod

V stcasnosti sa naSa krajina pripravuje na zaclenenie do
Europskej tnie. Jednym z mnohych procesov, ktory tejto snahe
ma pomoct, je rozvoj dopravnej infrastruktiry.

Rozvoj dopravnej infrastruktury je zalozeny na jej moder-
nizacii. Tento proces si vyZaduje velké investicie na dokoncenie
vystavby dial'nic a opravu existujicich komunikacii. Avsak, zdroje
tychto investicii pre udrZzbu a rehabilitaciu existujucich doprav-
nych stavieb si obmedzené a dlhoro¢ny nedostatok sa v buduc-
nosti bude prehlbovat. To nuti uzivatelov k maximalnym usporam
a k vyuzitiu vSetkych rezerv existujucich konstrukcii. Tento stav
dopravnej infraStruktury nie je len v naSej krajine, ale stretdvame
sa s nim aj v zahranici.

Betonové mosty st neodmyslitelnou ¢astou dopravnej infras-
truktury. V sucasnosti sa na naSom uzemi nachadza vela betonovych
mostnych konstrukcii, ktoré by sa mali rekonStruovat a opravovat
za ucelom ich dalSieho vyuzitia. Z tohto dovodu je hodnotenie
existujucich mostnych konstrukeii dolezitou castou hospodarenia
s mostnymi objektmi (BMS) [1].

Za ucelom stanovenia urovne hladiny spolahlivosti pri hodno-
teni existujucich mostov bol vyvinuty matematicky model vyuzi-
vajlici podmienent pravdepodobnost. V tomto matematickom
modeli sa vyuZivaju nové informacie tykajuce sa skutocného stavu
konstrukcie, ktoré nie st zname a dostupné pri navrhu novej kons-

* Ing, Peter Kotes, 'doc.Ing. Josef Vican, CSc., 2doc. Mgr. Jiii Slavik, CSc.

The quality and the durability of the concrete structures are
affected by lots of degradation processes. The paper deals with rein-
forcement corrosion and its influence on the reliability of the existing
concrete structures. Two types of passive stage calculation and two
types of active stage calculation are considered in this paper. The
probabilistic approach is used for the time dependent resistance solu-
tion. In conclusion, the change of the failure probability and reliabil-
ity index of the structure in time influenced by reinforcement
corrosion are shown.

1. Introduction

Nowadays, our country tries to integrate to The European
Union. Development of traffic infrastructure is one of the many
components which should help this process.

Development of traffic infrastructure is based on its modern-
ization. This process demands expensive investment for completion
of motorways and innovation of roads. Resources of these invest-
ments for maintenance and rehabilitation strategy are limited and
from now it is predicted that it will not be better. In terms of this
we are forced to find and exploit all reserves of the existing struc-
tures. These problems are not just in our country, but it is a world-
wide problem.

The concrete bridges are unthinkable part of the structures of
the traffic infrastructure. At present, there are a lot of concrete
structures in our country, which should be rebuilt and repaired on
the ground of their other exploitation. On this account, evaluation
of existing structures is the most important process in the bridge
management system (BMS) [1].

In order to evaluate existing structures, a theoretical approach
was developed using conditional probability. The new information
concerning the actual structure condition is used in this mathe-
matical model. This information is not available in the process of
the new structure design. Periodic inspections regularly performed

"Department of Building Constructions and Bridges, Faculty of Civil Engineering, University of Zilina, Komenského 52, 010 26 Zilina
Tel.: ++421-41-41868, Fax: ++421-41-41868, E-mail: kotes@fstav.utc.sk, vican@fstav.utc.sk
’Department of Transportation Networks, Faculty of Management Science, University of Zilina, Velky diel, 010 26 Zilina
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trukcie. Za hlavné zdroje tychto informacii sa povazuju periodické
prehliadky, pravidelne sa vykonavajuce pocas Zivotnosti pozorova-
nej konstrukcie. Ziskané nové informacie o konstrukcii, ktoré nie
su zname pri jej navrhu, sa mézu pouzit pre overovanie skutoc-
ného chovania konstrukcie a taktieZ pomahaju redukovat neistoty
tykajuce sa odolnosti konstrukcie, jej geometrickych parametrov
a zataZenia.

Pozitivny vysledok prehliadky je podmienkou prezitia kons-
trukcie pocas jej zvyskovej zivotnosti. Je to taky stav konstrukcie,
v ktorej Ziadny jej prvok neprekro¢i do doby prehliadky akykolvek
z medznych stavov. Pomocou tohto pristupu je mozné stanovit
novu vyssiu hladinu spolahlivosti existujuicej konstrukcie a jej nova
pravdepodobnost poruchy pre zvyskovu zivotnost. Moznost pouzi-
tia tohto pristupu je podmienena poznanim informacii ziskanych
z pravidelne vykonavanych prehliadok mosta. Dalej je mozné
spitne vypocitat pravdepodobnost poruchy, na aku by sa mal prvok
posudit, aby pri minimalne jednej prehliadke dosiahol pozadovanu
hodnotu cielovej (navrhovej) pravdepodobnosti poruchy. Hore
uvedeny pristup je podrobne opisany v [3].

V [4] su znazornené hodnoty ziskanych pravdepodobnosti
poruchy P, a indexov spolahlivosti 8, pre hodnotenie prvkov exis-
tujucich konstrukeii. Tieto hodnoty boli stanovené za predpokladu
zanedbania degradacie materialu.

Tento ¢lanok sa zaobera realnou degradaciou materialu a jej
vplyvom na spolahlivost existujicich zelezobetonovych konstrukcii.

2. Korozia vystuze ako degradacia betonového prvku

Za zakladny parameter spolahlivosti stavebnych konstrukcii
povazujeme rezervu spolahlivosti G(¢) [5], ktoru vyjadruje rovnica

G(1) = R(t) — S(1), (D

kde: R(t) zovSeobecnena funkcia odolnosti konStrukcie ako nahod-
nej premenne;j,
S(#) sunahodne premenné ucinky zatazenia toho istého prvku.

Z rovnice (1) vyplyva, Ze nahodna premenna odolnost R(z),
nahodné premenné ucinky zatazenia S(¢) a rezerva spolahlivosti
G(1) su hodnoty premenné v ¢ase.

Zmena odolnosti R(t) v Case je zavisla od mnohych faktorov.
Najvyznamnej§imi parametrami ovplyviujucimi odolnost v case
su rozne typy degradacie. Za najznamejsi sposob degradacie zZele-
zobetonovych konstrukceii je povazovana difuzia CO, do betono-
vého prvku, oznaCovana ako karbonatacia a nasledna korozia
vystuZe. Proces difuzie CO, pozostava z dvoch faz [6]. Prva faza
- pasivne Stddium, predstavuje €as (0, #,), kedy CO, prenikd cez
kryciu vrstvu. Pocas tohoto Stadia sa odolnost prvku nemeni.
Dizka pasivneho §tadia zavisi od hrubky krycej vrstvy. Druha faza
- aktivne Stddium, predstavuje Cas (#,, T), odkedy CO, prenikol
cez kryciu vrstvu a dosiahol vystuz, na ktort posobi az do konca
Zivotnosti 7 = 80 rokov. V tomto ¢ase CO, sposobuje koroziu
vystuze.

within lifetime of the observed structure are main resources of this
information. The obtained extra information unknown in the
design phase can be used for verification of the correct structure
performance and also helps to reduce some uncertainties related
to the structure resistance, measurements and load parameters.

The positive result of inspection is condition of survival of
a structure in the remaining lifetime. It means that any component
of structure has not exceeded any limit states until inspection
time. Through this positive information we are able to determine
new higher reliability level of the existing structure and its new
failure probability for the remaining lifetime. It is impossible
without new information obtained from the regularly performed
inspections. Next we are able to solve back the failure probability
for which the element should be evaluated so that we can achieve
the required value of the target failure probability with minimal
one inspection. This approach is described in [3].

The obtained values of failure probability P, and reliability
index B, for assessment of existing structure members are shown
in [4]. These values were established providing that a material
degradation is neglected.

This paper deals with a problem of an actual material degra-
dation and its influence on reliability of the existing concrete
structures.

2. Reinforcement corrosion as a degradation
of concrete member

The reliability margin G(¢) [5] is the basic parameter of struc-
tural reliability and it is described by formula

G() = R(n) — S(0), (D

where R(?) is the generalized function of a random variable struc-
tural resistance,
S(#) are random variable load effects of the same element.

As we can see from formula (1), random variable resistance
R(t), random variable load effect S(¢) and reliability margin G(r)
are values dependent on time z.

The resistance R(¢) has been changed in time due to many
factors. The different types of degradation are the best-known
factors changing the resistance in time. The most significant way of
degradation of concrete structures is diffusion of CO, to the con-
crete member called as a carbonization, and consecutive reinforce-
ment corrosion. This process of CO, diffusion consists of two
phases [6]. The first phase - passive stage means time (0, £,), when
CO, penetrates through the concrete cover. In this time the resis-
tance of element is not changed. The length of the passive stage
depends on the cover depth. The second phase - active stage means
time (¢, T), from when CO, penetrated through the concrete cover
and achieved reinforced bars to the end of member life 7= 80 years.
During this time, CO, induces the corrosion of reinforced bars.
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V naslednej parametrickej §tudii bol uvazovany ohybany Zele-
zobetonovy prvok. Odolnost R(f) ohybaného Zelezobetonového
prvku je dana rovnicou, odvodenou v [2]

2 2
Asn

R(1) = =2 X [0-5 PucD) -

kde: 4, je nominalna hodnota prierezovej plochy vystuze [mz],

m 2
A, =—d2,, 3
s,n 4 s.n ( )
J;.n Jje nominalna hodnota medze kizu vystuze [MPa],

Jen Jje nominalna hodnota pevnosti betonu [MPa],
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In the parametric study, the concrete element subjected to
bending was considered. Resistance R of bending concrete element
is given by formula, derived in [2]

1
R P 1)] , %)
where: 4 , is the nominal value of the reinforcement cross-section
area [mz],
T 2
A =—d* | 3
s.n 4 s.n ( )

J;.n is the nominal value of reinforcement yield strength

b, je nominalna hodnota Sirky prierezu [m], [MPa],
A S f.. is the nominal value of concrete strength [MPa],
&, = S8 ] , 4) b, is the nominal value of cross section width [m],
b (1= o= 5] 1, |
? £, = Ao 0)
h, je nomindlna hodnota vysky prierezu [m], b, - (h,, —c,— 421) “Son
¢, jenominalna hodnota hrubky krycej vrstvy [m],
d,, je nominalna hodnota priemeru vystuze [m], h,, is the nominal value of cross-section height [m],
¢, is the nominal value of concrete covering [mm],
O = Je S P = o , (5)(6) d,, is the nominal value of reinforcement diameter [mm],
Jen Jon
f.  je pevnost betonu v tlaku [MPa], Q= Je Q= J; R (5)(6)
/. je medza klzu vistuze [MPa], Jen Fon
/. is the concrete strength [MPa],
/; is the reinforcement yield strength [MPa],
_(bafen | AL
0= () ™
£uclt) = T R it sy | ®)
Asn'(hn_cn_ o — Sn) fd
’ 2 b’l : c.n
kde & je vySka prierezu [m], where & is the cross-section height [m],
b je Sirka prierezu [m], b is the cross-section width [m],
¢ je hrubka krycej vrstvy [m], ¢ is the concrete covering [m],
dy(t) je priemer vystuZe zavisly od ¢asu [m], dy(1) is the reinforcement diameter dependent on time [m],
A1) je plocha vystuze zavisla od ¢asu [m?], A(7)is the reinforcement cross-section area dependent on
time [m?],
A= d, ©)
A= d ©)

Veli€iny b, ¢, h, f, a f, su ndhodné premenné.
Oznacenie rozmerov je na obr. 1

Z rovnice (9) vyplyva, Ze zmena odolnosti R(¢) v ¢ase zavisi
od ubytku prierezovej plochy vystuze. Pre vypocet ubytku prierezo-
vej plochy vystuze boli uvazované dva pristupy. Ako prvy sa uvazo-
val model korozie podla Andradeiho [7] (pozri obr. 2), ktory je jeden
z najviac pouzivanych modelov kordzie vystuze. Zmena priemeru
vystuze d,(¢) pre ploSnu kordziu je opisand rovnicou

dx(t) = ds - 0’0232 : (t - tO) ' i(‘orr ’ (10)

Quantities of b, ¢, 4, f,, and f, are considered to be random
variables.
Denotations of dimensions are shown in fig. 1

From formula (9), it can be seen that the change of resistance
R(?) in time depends on the lost of reinforcement cross-section area.
Two approaches to the calculation of the reinforcement cross-section
area loss were considered. The first corrosion model according to
Andrade [7] (see fig. 2) was considered. This model of corrosion
is one of the most used models. Loss of diameter d(#) for uniform
corrosion is described by formula

d() =d, — 0.0232 - (t = 1g) * iy (10)
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Obr. 1. Schéma oznacenia rozmerov
Fig. 1. Scheme of profile denotation

kde: i,,,, je hustota prudovej korozie [uwA/cm?],
(1 /.LA/cm2 predstavuje 11,6 wm/rok skorodovanej vrstvy),
Iy e dizka pasivneho $tadia.

Dalsi korozivny model bol uvazovany podfa Thoft-Christen-
sena [9] (vid obr. 2). Zmena priemeru vystuze d () je opisana
rovnicou

ds(t) :ds_ (t_ IO) *Teorr s (11)
kde: r,,,, stupeni korozie [wm/rok],

t, je dizka pasivneho stadia.

Hustota prudovej korozie i, a stupen korozie r.,,, boli

merané na skutoénych mostnych konstrukciach [7], [8], [9] a su
opisané v tab. 1.

Zagiatok zmeny odolnosti v éase zavisi na dizke pasivneho
Stadia. Proces difuzie CO, sa riadi druhym Fickovym zdkonom [10]

ac 9’C
o P e (1
kde: C je koncentracia agresivnych latok,

D, je koeficient difuzie.

Pre praktické vyuzitie bolo odvodenych niekol'ko modelov
difuzie CO,. Proces difuzie v tychto modeloch zavisi od réznych
faktorov.

V prezentovanej parametrickej Stidii boli pouZzité dva modely
vypoétu pasivneho §tadia. V prvom pouzitom modeli je dizka
pasivneho §tadia zavisla od hrubky krycej vrstvy ¢ a materialovej
konstanty D. Uvedeny model je jednoduchy a je opisany v roznych
pracach, napriklad [11]. Dizka pasivneho §tadia sa vypoéita zo
vztahu

C2

ty = ,
)
kde: D

(13)
je materialova konstanta uvedena v tab. 2 podla [11].
Druhy pouzity model podla Freya [ 12] je presnejsi, ale je velmi

problematické ziskat hodnoty konstant potrebnych v tomto modeli.
Hibka skarbonizovanej vrstvy v &ase je dana rovnicou

. dg(t)

CORROSION
LOSS

%

Obr. 2. Ubytok prierezovej plochy
Fig. 2. Loss of cross section area

is the corrosion current density [uA/cm?],
(1 /.LA/cm2 is equal to 11,6 wm/year of corrosion),
1, is time of passive stage.

where: i

corr

Next, the second model of corrosion according to Thoft-Chris-
tensen [9] (see fig. 2) was considered. Loss of diameter d,(¢) is
described by formula

dt)=d, — (t = 1y) * T'oopr» (11)

where: r,,,, is the corrosion rate [ um/year],
1, is time of passive stage.

and the corrosion rate r

corr

The corrosion current density i,,,,
were measured on the real bridge structures [7], [8], [9] and their
values are shown in tab. 1.

The start of the resistance changing in time depends on the
length of the passive stage. The process of CO, diffusion is described

by the second Fick’s law [10]
L _,  oC
ot ST

where C is the concentration of aggressive subject,
D, is the diffusion coefficient.

(12)

Many models of CO, diffusion were deduced for practical use.
These models depend on various factors.

Two models of passive stage calculation were used in the para-
metric study. In the first model it is described that the length of the
passive stage depends on the concrete cover ¢ and material con-
stant D. This model is simple and it is described in many references,
for example [11]. Length of passive stage is given by formula

C2

Iy = S
" 2.p

(13)
where: D is a material constant presented in tab. 2 by [11].
The second model by Frey [12] is more precise than the first

model, but it is difficult to get the constants for this model. The
depth of carbonation layer in time is given by formula
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dk — (eAM/*Z -1 ) . (1 _ e—wﬁ/?) , (14)

kde A4, w st konstanty zavislé od prostredia (pozri tab. 2).

V pripade vztahu (14) sa dizka pasivneho $tadia ¢ = ¢, vypo-
cita, ked' sa polozi d; = c. VeliCiny 4, b, ¢, d,, 1., f;, i.ory @ Ty V TOV-
niciach (7-11) st ndhodné premenné s normalnym rozdelenim.
Statistické charakteristiky premennych su znazornené v tab. 1.

KOMNIKOCIe

C O MMUNICATION:S

do= (" = 1)-(1-e"V, (14)
where A4, w are constants dependent on the environment (see
tab. 2).

The length of passive stage ¢ = 1 is calculated from (14) when
d, = ¢ (concrete cover). Values of 4, b, ¢, d,, f.., £, i,,,, and r,,,, in
relations (7-11) are normally distributed random variables. The

statistical characteristics of variables are given in tab. 1.

Tab. 1 Tab. 1
Premenné Stredna | Smerodajna| Variacny Variables The mean |The standard| Coefficient
hodnota | odchylka | koeficient value deviation | of variation
Medza kizu - f; [MPa] 400,81480 | 23,96686 | 0,06800 Yield strength - £, [MPa] 400.81480 | 23.96686 | 0.06800
Pevnost betonu - f. [MPa] 24,64000 | 2,68000 0,10877 Strength of concrete - f, [MPa] | 24.64000 | 2.68000 0.10877
Vyska prierezu - 4 [m] 0,797800 | 0,01360 0,01705 Height - / [m] 0.797800 | 0.01360 0.01705
Sirka prierezu - b [m] 0,49570 0,00740 0,01493 Width - b [m] 0.49570 0.00740 0.01493
Priemer vystuze - d, [mm] 19,770 0,223 0,01128 Bar diameter - d, [mm] 19.770 0.223 0.01128
Hrubka krycia vrstva - ¢ [mm] 24,00 1,30 0,05417 Concrete cover - ¢ [mm] 24.00 1.30 0.05417
Hustota prudovej korozie - i.,,, 1,00 0,20 0,20 Corrosion current density - i,,,, 1.00 0.20 0.20
[nA/cm?] 3,00 0,60 0,20 [mA/cm?] 3.00 0.60 0.20
Stupen korozie - r,,,, [um/rok] 50,70 5,80 0,11440 Corrosion rate - r,,,, [um/year] 50.70 5.80 0.11440

V priereze bolo uvazovanych 7 prutov vystuze.
Hodnoty premennych z tab. 1 a konstant z tab. 2 boli zistené
meranim na skuto¢nych mostnych konstrukciach [7], [8], [9] a [10].

The number of reinforcement bars was equal to 7.
The values of variables in tab. 1 and constants in tab. 2 were
measured on the real bridge structures [7], [8], [9] and [10].

Tab. 2 Tab. 2
Konstanta - 4 [rok '] (pre centralnu Europu) 0,11 Constant - 4 [year” '] (for central Europe) 0,11
Konstanta - w [rok~®°] 0,170 Constant - w [year *°] 0,170
0,160 0,160
Materialova konstanta - D [mm2.s™'] 2,84.1077 Material constant - D [mm?s~'] 2,84.1077
4,82.1077 4,82.1077

Konkrétna numericka aplikacia vypoctu ¢asovo zavislej odol-
nosti R(#) bola realizovana pomocou simulacnej metody Monte-
Carlo. Na simulaciu je mozné pouZit aj iné zname metddy, ako
napriklad LHS, Importance sampling [13] a iné. Ziskané vysledky
simulacie boli pre dalsie pouZitie aproximované matematickymi

zavislostami v tvare

mp(f) = mg + p, - 1+ p,- 12, respekt. sp(f) = sz + py -1+ py- 1

kde: mpy a s, st strednd hodnota a smerodajna odchylka odolnosti
prvku podla (2),
D1> D2s P3. D4 SU konStanty.

Vysledky simulacii si znazornené na obr. 3 a obr. 4.

V parametrickej Studii bol simulovany prieny rez s nahodne
premennymi parametrami f;, f,, &, b, d;, ¢ (pozri tab. 1), ktorych
rozdelenia sa v priebehu vypoc¢tu nemenili. Odlisna bola len meto-
dika vypocCtu pasivneho a aktivneho Stadia korozie vystuze, Cize

Numerical application calculating time dependent resistance
R(?) was realized by simulation of Monte-Carlo method. It is pos-
sible to use other methods for simulation, for example LHS, Impor-
tance sampling [13] etc. For further use, results of simulation
were approximated by mathematical relations given by formula

(15)

where: my and sz are mean values and standard deviation of the
element resistance in accordance with (2),
D1, P2, D3, P4 are constants.

The results of simulation are shown in Fig. 3 and Fig. 4.

There was simulated one cross-section with variables parame-
ters f, f., h, b, d,, ¢ (see tab. 1), whose distributions were not
changed during calculation. The different methodology of the
passive and active stage calculating has been used so that the para-
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menili sa parametre D, w, i, have been changed. The curve assign-

k jednotlivym modelom vypoctu pasivneho a aktivneho Stadia | ment of relevant approach to the passive and active stage calcu-

ar,,,. BliZSie je priradenie kriviek | meters of D, w, i, andr,

corr

opisané v tab. 3. lating is shown in tab. 3.

1

mg(t) [kN.m] The mean value »
---------- 3

690 - T —_ } , — — 1 ' 4
640 _ " e . % oy - N — 7 - = =5
590 - e, 2 | e——p
540 4 \ .. L “g 7
490 - 5 |= =8
440 - 9 |
390 - — — 8 10
340 | . 11 —
290 i 1 2 ............ 12
240 : : : ; , | Ta=80years

0 0,2 04 0,6 0,8 1 tTy
Obr. 3. Casovo zdvisld strednd hodnota odolnosti R(t)
Fig. 3. Time dependent mean value of resistance R(t)

e 1

sr(t) [kN.m] The standard deviation ,
--------- 3

L T4=80 years

35 T T T T 1
0 0,2 0,4 0,6 0,8 1 tTy

Obr. 4. Casovo zdvisld smerodajnd odchylka odolnosti R(t)
Fig. 4. Time dependent standard deviation of resistance R(t)
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Tab.3 Tab.3
Oznaé. | Vypocet pasivneho §tadia Vypoéet aktivneho Stadia Denot. Passive stage calculating Active stage calculating
1 D =28410"" mm%s~! i = (1,0:0,2) 1 D =28410"" mm%s~' i = (1.0;0.2)
2 D=28410"" mm’s" Lo = (3,0; 0,6) 2 D=28410"" mm’s™! i = (3.0; 0.6)
3 D =2,8410"" mm%s~! Teorr = (50,7; 5,80) 3 D =28410"" mm%s~! Feorr = (50.7; 5.80)
4 D =4,8210"" mm%s~! i = (1,0:0,2) 4 D =4.8210"" mm’s~! i = (1.0;0.2)
5 D= 4,8210"" mm%s~! i = (3,0; 0,6) 5 D =4.8210"" mm*s~! i = (3.0; 0.6)
6 D =48210"" mms~! m”—(507580) 6 D= 48210"" mm?s™! mﬂ—(50758m
7 w = 0,170 rok~** feor = (1,0;0,2) 7 w = 0.170 year** Lo = (1.0;0.2)
8 w = 0,170 rok * i = (3,0; 0,6) 8 w = 0.170 year %3 i = (3.0; 0.6)
9 w = 0,170 rok * Feor = (50.7; 5,80) 9 w = 0.170 year % Foor = (50.7; 5.80)
10 w = 0,160 rok ** i = (1,0;0,2) 10 w = 0.160 year ** i = (1.0;0.2)
11 w = 0,160 rok %° Lo = (3,0; 0,6) 11 w = 0.160 year %3 i = (3.0; 0.6)
12 w = 0,160 rok ** Teorr = (50,7; 5,80) 12 w = 0.160 year %3 Feorr = (50.7; 5.80)

3. Casovo zavisla pravdepodobnost poruchy Pi(D)

Pravdepodobnost poruchy prvku Py(?) je Casovo zavisla a je
definovana rovnicou podla [3]

P =n60 <0 =1- [ Ko [ o

kde
T (x = my1)
—LO| 1 — | o ———=|s(n)d7 1
Fx)=e [~ IS e L) = fA(T)dT, an
o
je distribu¢na funkcia nahodne premennej odozvy zataZenia S so
strednou hodnotou m(#) a smerodajnou odchylkou sy(7).

3. Time dependent failure probability P,(z)

The element probability of failure P/(7) is time dependent and
it is defined using formula according to [3]

Xomp(m) _1 |
() ) () f(n)drdx, (16)
where
1ol - ’ X_m‘(")sr . .
Fx)=e sof 1= [0 )()d},L([):JA(T)dT, (17)
0

is the distribution function of random variable load effects S with
mean value m () and standard deviation s (7).

Ps(t)

OE-01 ~
8E-01 ~
6E-01 ~
4E-01 ~
2E-01 ~
OE-01 ~
8E-01 ~
6E-01 ~
4E-01 ~
2E-01 ~
OE-01 ~
8E-01 +
,60E-02 +
6,40E-02 -
3,20E-02 ~
1,00E-05

N DO N TN U100 = A 0

O=_2=2=2NNNOWWWAAA

0 0,2

0,4

Probability of failure

T4=80 years

0,6 0,8 1 tTqy

Obr. 5. Casovo zdvisld pravdepodobnost poruchy P(1) ohybaného prvku napadnutého kordziou
Fig. 5. Time dependent failure probability P(t) of bending member under corrosion attack
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Odozva zatazenia S je chapana ako séria normalne rozdelenych
ucinkov zatazenia opakovane sa vyskytujucich v Case a riadiacich
sa Poissonovym rozdelenim s parametrom A(7) = 1/80 = 0,0125.
Vysledky vypoctov pravdepodobnosti poruchy prvku P.(7) a jej
zodpovedajicim indexom spolahlivosti 3() st zndzornené na obr.
5 aobr. 6.

Load effects S are normally distributed random variables in
time having Poisson distribution with parameter A(7) = 1/80 =
= (0.0125. Results of simulation of the element failure probability
Py(t) and correspondent reliability index B(¢) are shown in Fig. 5
and Fig. 6.

B (t) Index of reliability ;
————————— 3
4,00 1.
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00 w \ \ ‘
0 0,2 0,4 0,6 0,8 1 tTy
Obr. 6 Casovo zdvisly index spolahlivosti B(t) ohybaného prvku napadnutého koréziou
Fig. 6 Time dependent reliability index B(1) of bending member under corrosion attack
4. Zavery 4. Conclusions

V prezentovanom prispevku sme sa zaoberali vplyvom korézie
na odolnost a spolahlivost ohybaného Zelezobeténového prvku.

Zmena strednej hodnoty odolnosti mg(#) rozhodujiico ovplyv-
nuje zmenu pravdepodobnosti poruchy. Stredna hodnota odolnosti
sa nemeni pocas pasivneho §tadia. Dizky uvazovanych pasivnych
stadii boli: 32,2 rokov (D = 2,84.107" mm2s™ ),

18,9 rokov (D = 4,82.107" mm*s ),
21.5 rokov (w = 0,170 year™ *),
6,3 rokov (w = 0,160 year **).

Dizka pasivneho §tadia znaéne ovplyviiuje strednti hodnotu
odolnosti mg(f) a pravdepodobnost poruchy P(#). NajkratSie
pasivne Stadium rovné 6,3 rokom zodpoveda vel'mi agresivnym pod-
mienkam (primorské krajiny). Z tohoto dovodu nie st tieto vysledky
(krivka 10, 11, 12 na obr. 4) aplikovatelné v nasej krajine.

Hodnoty hustoty prudovej korozie i, a stupia korozie r,
vyznamne ovplyviiuju strednit hodnotu odolnosti mg(#). VysSie
hodnoty i,,,, a r,,,. zodpovedaju vacSiemu ubytku strednej hodnoty

corr

odolnosti. Hodnota r,,, je taktieZ nerealna pre nase klimatické

orr

In this paper, the influence of reinforcement corrosion on the
resistance and reliability of concrete element subjected to bending
is presented.

The change of mean value of resistance R(¢) affects decisively
the change of failure probability. The mean value is not changed
during the passive stage. The lengths of the passive stage were:

32.2 years (D = 2,84.1077 mm>s™ ),
18.9 years (D = 4,82.107" mm2s~ 1),
21.5 years (w = 0,170 year*%),
6.3 years (w = 0,160 year™ %).

The length of the passive stage influences the mean value of
resistance R(#) and the failure probability P(?) to a great degree.
The shortest passive stage equals to 6.3 years corresponds to very
aggressive conditions (seaside countries). Therefore, the results
(curves 10, 11, 12, Fig. 4) are not applicable in our country.

The values of the corrosion current density i, and corrosion
rate r,,,, affect the mean value of resistance R(¢) significantly. The
higher value of i,,,, and r,,,,. correspond to a higher decrease of
the mean value of resistance. The value of r.,,. should be not

corr
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prostredie, pretoze nakolko zodpoveda vysoko agresivnym pod-
mienkam - krivky 6,9.

Smerodajné odchylka odolnosti sg(#) znacné zavisi od smero-
dajnych odchylok hustoty prudovej korozie i,,,, a stupfia kordzie
Teorr- Serodajnd odchylka odolnosti v ase rastie s vicSou sme-
rodajnou odchylkou i,,,, a r,,,, (krivky 2, 5, 8, 12, obr. 5).

Pravdepodobnost poruchy P/(?) a index spolahlivosti B(7) sa
vyznamne zacinaju menit po polovici Zivotnosti mosta. Stredna
hodnota odolnosti meni najvyraznejsie pravdepodobnost poruchy.
Ziskana Casova zavislost pravdepodobnosti poruchy prvku umoz-
fiuje kvalitnejSie planovanie udrzby mostu a presnejSie stanovenie
doby jeho rekonstrukcie.
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applicable in our region (it corresponds to aggressive conditions
too - curves 6,9).

The standard deviation of resistance R(z) depends much on
the standard deviation of corrosion current density i.,,, and cor-
rosion rate r,,,,.. The resistance standard deviation is increased in
time with a higher standard deviation of i,,,, and r,,,, (curves 2, 5,

8, 12, fig. 5).

The failure probability P.(r) and reliability index B(¢) are
changed significantly after half of bridge lifetime. The change of
the resistance mean value influences failure probability mostly.

The obtained time dependent failure probability of member
can be used for planning maintenance and determining the time
of its reconstruction.
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Robert Tenzer *

GEOPOTENCIALNY MODEL ZEME - APROXIMACIA TVARU ZEME,
METODY TESTOVANIA GEOPOTENCIALNYCH MODELOV

GEOPOTENTIAL MODEL OF EARTH - APPROXIMATION OF EARTH SHAPE,

GEOPOTENTIAL MODEL TESTING METHODS

Stokesové geodynamické koeficienty v rozvoji tiaZového poten-
cidlu Zeme shizia na matematicko-fyzikdlny popis vonkajsieho tiazo-
vého pola, tvaru a rozmeru Zeme. V cldnku su uvedené vysledky
testovania presnosti geopotencidlneho modelu EGM96 na iizemi Slo-
venska.

1. Uvod - historické pozadie uréovania tvaru Zeme

Meskanie kyvadlovych hodin astronoma Richera pri pre-
miestneni z Pariza do Cayenne (pri rovniku) vysvetlil I. Newton
zmenSenim gravitacne;j sily v dosledku sploStenia Zeme na poloch.
Na zaklade vSeobecnej tedrie gravitacie (Philosophiae naturalis prin-
cipia mathematica, 1687) za predpokladu, Ze Zem je homogénne

a—b 1

teleso, urcil Newton jej sploStenie f = —— = % kde a, b su
a

vel’kosti rovnikovej a pdlovej poloosi.

Neskor Ch. Huygens predpokladal, Ze kazda castica Zeme je pri-
tahovana len do jej stredu (cela hmotnost je stustredena v tazisku).
Na zaklade svojho modelu vypocital splostenie /= 1/578.

Tento nestuhlas medzi oboma vysledkami objasnil A. Clairaut
(Theorie de la figure de la Terre, 1743). Uvazoval sféroid, zloZeny
z koncentrickych vrstiev, ktorych hustota rastie ku stredu Zeme
a odvodil vztahy zname ako Clairautov teorém, vyjadrujuci vza-
jomny vztah medzi geometrickymi a fyzikalnymi parametrami
Zeme

Stokes’ geodynamic parameters in the expansion of the gravity
potential of the Earth serve for a mathematical and physical descrip-
tion of an outer gravity field of the Earth, the shape and the size of the
Earth. In this article, the results from testing of an accuracy of the
geopotential model EGM 96 at the territory of Slovakia are published.

1. Introduction - historical background of
estimation of Earth’s shape

The delay of astronomer Richer’s pendulum clock during the
relocation from Paris to Cayenne (near the equator) was explai-
ned by I. Newton as a decrease in the gravitational force resulting
from flattening of the Earth at the poles. Based on the common
theory of gravitation (Philosophiae naturalis principia mathema-
tica, 1687) and providing the Earth to be a homogeneous body,

a—b 1

Newton estimated the Earth’s flattening as /= = %
a

where a, b are the sizes of the equatorial axis and the pole axis, res-
pectively.

Later on, Ch. Huygens assumed every Earth’s element to be
forced just into the earth’s center (entire mass is centered inside
the center of gravity). Based on his model, he calculated the flat-
tening as f = 1/578.

The contradiction between both findings was explained by A.
Clairaut (Theorie de la figure de la Terre, 1743). He considered
a spheroid composed of concentric layers whose density increased
towards the Earth’s center, and has derived forms known as Clai-
raut’s theorem, expressing the correlation between the geometric
and the physical parameters of the Earth

3 2

5 aw? aw

5 e’ _ & " 8& _3

_S a2
S= B G 2

kde g, a g, st tiaZové zrychlenie na poloch a rovniku, w je uhlova
rychlost rotacie Zeme.

Na zaklade spracovania udajov o drahach druzic, altimet-
rickych udajov topografie povrchu svetového oceanu a udajov
z tiazovych merani je mozné v sucasnosti pomerne podrobne defi-

* Ing. Robert Tenzer, PhD.

_& & _ _& " &
g 2 g g

9 - GM bl
where g,, g, are the gravity acceleration on the poles and on the
equator, w is the angular velocity of the Earth’s rotation.

Nowadays, it is possible to define the shape and the size of the
Earth and the gravity field outer the Earth with quite high accu-
racy based on processing of the satellite tracking data, the altime-

Department of Geodetic Survey, Faculty of Civil Engineering, University of Zilina, Komenského 52, SK-01001 Zilina
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novat tvar a rozmer Zeme, ako aj popisat tiazové pole v okoli
Zeme.

V spolupraci NIMA (National Imagery and Mapping Agency)
a NASA GSFC (National Aeronautics and Space Administration
Goddard Space Flight Center) bol vytvoreny Gravitatny model
Zeme EGM 96 (Earth’s gravity model 1996) [10].

Pracovna skupina WG GGT (Working Group Global Geodesy
Topics) spolupracuje na testovani presnosti urcenia EGM 96,
priCom pre tento ucel bola vytvorena metodologia testovania [1]
a vytvorena testovacia siet na uzemi oceanov a kontinentov [2],

(31, [4].

2. Aproximacia tvaru Zeme - normalny hladinovy
sféroid a elipsoid

Tiazovy potencial W(p, ®, A) vyjadruje jeho rozvoj do radu
sférickych funkcii (n, k - )

W(p,@,A):%[l+i 3

kde p je geocentricky radius vektor bodu P; @, A su jeho geocen-
trické suradnice, a, je lubovolny dizkovy parameter (spravidla
vel'ka poloos hladinového rotacného elipsoidu), J(,,k), S(,,k) su Sto-
kesove geodynamické parametre stupna # a radu k [5]

JO| (2= 8,) (n—k)!
SOl Mal (n+ k)

M je hmotnost Zeme, dm(p’,®’,A’) je hmotny element Zeme,
P® (sin®) su Legendreove pridruZené funkcie [9], [5]

n+k

dsiny R =

1 2n)!
PP (sin®) = Eon cos*® (2n)
n!

+ (m—k)Yn—k—1)n—k—2)(n—k—3)

GM S n ’ ' 1
=— {1 + Z (&) (D coskA + SO sink A)PP (sin®) + 3 p
o\ P

m k) s ' COSkA, _ 1, k= 0,
fMp P (sin®) {sinkA’}dm » O {o, k# 0,

2"nl(n—k)!

2-4(2n — 1)(2n — 3)

Obmedzenie stupna rozvoja tiaZzového potencialu na urcity
pocet Clenov popisuje normalny tiazovy potencial a hladinova
plocha nim definovana je normalny hladinovy sféroid. Pri splneni
A—C
——, JO =JP =50 =0 a rozvojom

4

podmienok J© =

stupfia n = n = 2, k = 0, je definovany tiazovy potencial Clairau-
tovho sféroidu

GM
p

sin" k4D — :|

4 \* 1) p(o), L (a,\7 )i
U=—-—+1+ (—) J5 P57 (sin®) +§q<—) [1 = Py (sin®)] ¢ .
P P
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ter data of ocean surface topography and data obtained from the
Earth’s gravity measurements.

NIMA (National Imagery and Mapping Agency) and NASA
GSFC (National Aeronautics and Space Administration Goddard
Space Flight Center) have participated to develop the gravity model
of the Earth EGM 96 (Earth’s gravity model 1996) [10].

Working group WG GGT (Working Group Global Geodesy
Topics) collaborates on testing the accuracy estimation of EGM
96. For this purpose the testing methodology [1] and the testing
network over oceans and continents [2], [3], [4] have been created.

2. Approximation of Earth’s shape - normal level
spheroid and ellipsoid

The gravity potential W(p, @, A) expresses its expansion to
the series of spherical functions (1, k — ©)

n 1
(ﬂ) (D coskA + S© sinkA)PL (smcp)} + 5 pw’cos’d =
p

3

2
LAy - P(,?)(sinq))]} , @2.1)

GM

where p is the geocentric radius-vector of the point P; ®, A are its
geocentric coordinates, a, is an arbitrary parameter of length
(usually the semi-major axis of the level rotation ellipsoid), J(,,k),
Sf,k Jare Stokes’ geodynamic parameters of degree # and order & [5]

(2.2)

M is the weight of the Earth, dm(p’,®’,A") is the mass element of
the Earth, PO (sin®) are Legendre’s associated functions [9], [5]

_(n—k)(n—k—l)
2m—-1

coskCD|:sin"k<D in" k2P +

(2.3)

The limitation of a degree of the expansion of the gravity
potential to certain number of coefficients is described by the
normal gravity potential and the level surface defined by it is the

. . e (0) A-C 0)
normal leveling spheroid. Under the condition J,,” = ML JO=
a()
=J(= 8V =0 and by setting the degree of expansion n = 7 =

= 2, k = 0, the geopotential of Clairaut’s spheroid is defined as

(2.4)
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Geoid a normalny hladinovy sféroid st idealizované fyzikalne
telesa nevhodné na matematické vyjadrenie priestorovych vztahov
(Clairautov sféroid je plocha 14. stupna [8]). Tito poziadavku
spina az zemsky rotaény elipsoid, ktory je matematickou aproxi-
maciou tvaru Zeme. Plocha normalneho hladinového sféroidu je
blizka ploche zemského referenéného elipsoidu, preto je mozné
sféroid nahradif elipsoidom. Z rovnice rota¢ného elipsoidu vyplyva
pre geocentricky radius vektor p priblizny vztah

Geoid and the normal level spheroid are only idealized physical
bodies, which are not suitable for mathematical expression of spatial
relations (Clairaut’s spheroid is an surface of 14" degree [8]). Just
using the earth’s rotation ellipsoid, which is the mathematical
approximation of the Earth’s shape, can satisfy this condition. The
surface of the normal level spheroid is similar to the surface of the
earth’s reference ellipsoid therefore the spheroid can be replaced
by the ellipsoid. For the geocentric radius-vector p following form
can be derived from an equation for the rotation ellipsoid

X+ Va2 + 7% — 7 = 1 =a?[pPcos’Dcos’A + p*cos’Dsin®A] + a2 p? sir*®(1 —?) ' — 1=

Vi-¢ 1
= preos’®(1 — &%) + pPsin*® —d*(1 — )0 p= M =qVI1 - e2<1 + Eezcossz) =
— e’cos

1 1
=ai{l-——é+—
a{ 2477

a z rozvoja normalneho tiazového potencialu Clairautovho sféro-
idu vyplyva pre jeho radius vektor

p= Ro{l +1, (&)73 n [(&)2 JO
3°\p p

kde R, je dizkovy rozmerovy faktor.

Z porovnania rovnic radius vektorov elipsoidu (2.4) a sféroidu
(2.5) vyplyva Clairautova rovnica

1 ae’ 1
R\ ——q|=—-0JQ ——q=
”(2 39)7 73 2 73973

vyjadrujica vzfah medzi geometrickou veli¢inou f a fyzikalnymi
veliginami sféroidu J, ¢ s ohladom na prijaté zjednodusenia

—b 1
a =1*\/17625582,p=a0.

a

R,=af=

Pozndmka: Helmert doplnil rozvoj potencidlu hladinového sféroidu
zondlnym clenom stupna n = 4 a odvodil tiaZové zrychlenie na povrchu
normdlneho hladinového elipsoidu (aproximujiiceho sféroid), ktoré sa
pouziva napriek jeho zastaranosti aj v sucasnosti v pripadoch geodetickych
zdkladov na Krasovského referencnom elipsoide, pretoze oba elipsoidy
majii prakticky rovnaké hodnoty splostenia.

Normalny tiazovy potencial U a zrychlenie y normalneho hla-
dinového rotacného elipsoidu vyjadruju rovnice [8]

M ' 1 2 2
U=——arctan e +Ea) a,

GM

2 2 1 1
& [3 -3 Pg(’)(smcb)ﬂ = a[l 5 e - EP(ZO)(sind))} :

1 fa\3 , GM
g q <7> :| P(ZO)(sm(IJ)} , R, = 70 ,

(2.5)

The radius vector can be derived from an expansion of the
normal geopotential of Clairaut’s spheroid

(2.6)

where R, is the size factor of length.

The comparison between the equations for radius vector of
ellipsoid (2.4) and spheroid (2.5) yields the Clairaut’s equation

1 2 3 1
OJY =3a=3/0f=—/+74,

5 2.7

which expresses the relation between the geometric parameter f
and the physical parameters of spheroid J(zof g, considering adopted

—-b 1
a I*VI*eZEEeZ,pIaO,

simplifications R, = a, f = =
a

Note: Helmert added a zonal member of degree n = 4 into expan-
sion of the potential level spheroid and derived a gravity acceleration on
a surface of the normal level ellipsoid (that approximates spheroid),
which is still used in causes of geodetic bases on Krasovsky's reference
ellipsoid, as both ellipsoids have practically equal value of flattening.

The normal gravity potential U and the acceleration vy of the
normal level rotation ellipsoid are expressed by equations [8]

(2.8)

2 2
wab ,

v aVa® sin’B + b? cos*B

GM

2 3 ’
1 1
1+ 2282 —sin®f——| —
P, \2 6

cosS

i , (2.9)
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kde

1

pl=31+e DU —e arctane'y -1, p,= 5

3. Teoreticky princip testovania geopotencialnych modelov

Na urcenie presnosti geopotencialneho modelu je potrebné
poznat geocentrické suradnice a Molodenského normalne vysky /
na bodoch testovacej siete. Pouzitie ortometrickych vysok A’
a geoidu v oblastiach kontinentov nie je vhodné z dovodu pouzitia
hypotézy o rozlozeni hustoty hmoty medzi geoidom a zemskym
povrchom. Naproti tomu teoria Molodenského normalnych vysok
nepredpoklada nijaké hypotézy [12].

Teoreticky je skutoény tiazovy potencial W(p, @, A) v bode P
na zemskom povrchu rovny normalnemu tiazovému potencialu
v bode P, na teluroide (obr. 1)

Wp, ®, A) = UD,. h). (3.1)

Vzdialenost medzi teluroidom
a elipsoidom je normalna vyska 4 &
a vzdialenost medzi zemskym povr-
chom a teluroidom je vyskova ano-
malia {.

Normalny tiaZovy potencial
U,, h, GM, a,, w, f) na teluroide

KOMNIKOCIe
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where

1 =2 ' r—1 b
1+§e arctane' — 3e ,tan3 = —tanB.
a

3. Theoretic principle of geopotential model testing

The accuracy estimate requires the geocentric coordinates and
Molodensky’s normal heights / at the points of testing network.
The orthometric heights /2’ and geoid over continents are not sui-
table for using because of hypothesis about distribution of density
of mass between the geoid and the earth’s surface. On the other
hand, the Molodensky’s normal heights theory does not assume
any hypothesis [12].

Theoretically, the actual gravity potential W(p, @, A) at the
point P on the earth’s surface is equal to the normal potential at
the point P, on the telluroid (Fig. 1)

) Wp, @, A)=UD,, h). (3.1)

N Wi A
q“'“ﬁ,__q_ The distance between the tel-
TTm—— luroid and ellipsoid is the normal

height / and the distance between
the earth’s surface and the tel-
luroid is the height anomaly .
The normal gravity potential
U@®,, h, GM, a,, v, f) on the tel-
luroid is defined as a function of

je definovany ako funkcia geocen- T 1 the geocentric gravitational con-
trickej gravitaénej konStanty GM, e 5 stant GM, the mean angular veloc-
strednej uhlovej rychlosti rotacie i rami L ity of the Earth’s rotation w, the

Zeme o, velkosti hlavnej poloosi a,
a splostenia f'hladinového rotacného
elipsoidu vztahom [8]

M S e
W o=, [1 200 (2n+1><2n+3>(

Obr. 1. Tedria vysok, normdlna vyska a ortometricka vyska h'
Fig. 1, Theory of heights, normal height and orthometric height h'

size of the semi-major axis a, and
the flattening f of the level rota-
tion ellipsoid [8]

J 2n 1
1 —n+5n 2—2 Lo PO(sind,) | + ) w’p? cos’ D, =
e

0

GM [ a, \? sind d" 1
=—]1- -2 & [—sin® 1D cos™ D | POGin®,) | + = 0?p? cos*D, , 3.2
Py [ Zl< po) o dey L B cos @] PGinD,) | + 5w cos’®, (3.2)
alebo v uzavretom tvare pomocou krivociarych suradnic u, v, w [7] \ or in closed form using curvilinear coordinates u, v, w [7]
GM =1 . 1 2 22 2 (0)
U@®,, h) = Ulu, v, w) = —— arcotan™ " sinh w + 3 w a“e” cosh™w + Py’ (cosu) X
ae
| w'a® o2 -1 . L 5ss 2
X ? 7 [(Bsinh™w + 1) arcotan™ " sinh w — 3sinh w] — gw a“e” cosh”wp =
M -1 . 1 .2 —1 . .
= ——arcotan” " sinhw + 3 ge [(3sinh” w + 1) arcotan™ " sinh w — 3sinh w] X
ae
3-2¢ e Vi-é& |-t [ 0
X >— arctan Vi > —3 eP5 " (cosu) + gqe cosh™w [1 — P3"(cosu)] ¢, (3.3)
e —e e
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kde

3—2¢ e 1-
P= > arctan -3 !
e 1-f
Vzajomny vztah medzi u, v, w a X, Y, Z, resp. geodetickymi
zemepisnymi suradnicami B, L, H vyjadruju rovnice [6], [5]

3
, P(ZO)(cosu) == cos® u—

‘ where

1, a— b a—b o’a;
—, =2 = = Lq=—". (34
PR A = E A A VI

The relation between u, v, w and X, Y, Z, or geodetic coordi-
nates B, L, H can be expressed as follows[6], [5]

X = ae cosh w sinu cosv = (N + H) cosB cosL,
Y = ae cosh w sinu sinv = (N + H) cosB sinL,

Z = ae sinh w cosu = [N(1 — &* + H)] sinB, (3.5)
Y
u = arccos - , v=arctan —, w = log(cosh w + sinh w), cosh>w=V1 +sinh2w,
ae sinh w X
2 22 2 2 22 2 27
. \/p—ae+\/(p—ae)+4an ) ) ) 2 a
hw= , =X"+Y +Z",N= ,
S w 24%¢* P Ql — e*sin* B
B
tan® = (1 — e*) tanB = — tanB. (3.6)
a

Na testovanie geopotencialneho modelu na uzemi Slovenska
je potrebné vyjadrif tiazovy potencial W(p, ®, A) v slapovom
systéme MEAN [13]

S B

L
p
GM,;

+ (1 + kg —h)[ o

kde &g, 6;, ps, p, su geocentrické deklinacie a geocentrické radius
vektory slapotvornych telies (Slnko a Mesiac); GM;, GM su sele-
nocentrickd a heliocentrickd gravitacna konstanta, &, 4, su seku-
larne Loveho ¢isla [11], ktoré vyjadruju plasticku reakciu pruznej
Zeme na gravitacné posobenie Mesiaca a Slnka, » je maximalny
stupen rozvoja potencialu.

Presnost urcenia geopotencialneho modelu je mozné vyjadrit
ako funkciu rozdielu medzi anomaliou vysky vypocitanou z modelu
a anomaliou vySky urCenej z GPS a nivelacie

5;-11—/1—[ W(P,‘D,A)—U(p,d))}

, 3.8
¥(p, D) 38)

kde H je elipsoidicka vyska bodu P; U(p, ®@), y(p, @) su normalny
potencial a normalne tiazové zrychlenie v bode P na zemskom
povrchu v tvare [8]

(i) P (sind,) PP (sin®) +
p

The testing of the geopotential model over the territory of Slo-
vakia requires expressing the gravity potential W{(p, @, A) in the
mean tidal reference system MEAN [13]

) O coskA + SDsinkA) PO (sin D) + + ( ) gl — PO (sin®)] +
p

3.7)

GM.
GMS< ) PO (sindg) P<°)(smc1>)ﬂ

where g, 6, , ps, p,. are the geocentric declinations and the geo-
centric radius-vectors of the Sun and the Moon; GM; , GM are the
selenocentric gravitational constant and the heliocentric gravita-
tional constant, respectively, k;, &, are the secular Love numbers
[11], which describe the elastic response of the Earth to the grav-
itational effect of the Sun and the Moon, 7 is the maximum degree
of expansion of the potential.

The accuracy estimation of the geopotential model can be
expressed as a function of difference between the height anomaly
computed from the geopotential model and the height anomaly
determined from GPS and leveling.

W(p, ®, A) — Up, ®
S, =H—h— (o ) — Ulp, D) ’
¥p, @)
where H is the ellipsoidal height of the point P; U(p, ®), y(p, D)
are the normal potential and the normal gravity acceleration at
point P on the earth’s surface in form of [8]

(3.8)

_ || 9Up.®) |2, 1| 0Up D) |2 _ GM
y(p,fb)—\/[ o }*,_—,2[ W | P L

| or[6]

alebo [6]

; i(2n+l)<%> JO P (sin ®), (3.9)
i=0

ey, (1 avy
Y w) = h,, Ow h, Ou |’

(3.10)
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0U 2 2
6— = E w*a*e? cosh® w sin*u — E [(3sin Bw+ 1) arctan sinh w — 3 sinh w] sinu,
u
o _
ov ’
U GM 1 ’q? inh’
— = ——— + — W’ a*e* sin*u sinh*w + — [3sin h*w arctan sinh w — 2 mrT Y 4cosh w] P (cosu),
ow aecoshw 2 3 cosh w
2
— e 1 —
h,z, = h% = a*e*(cosh® w — sin*u), P= > arctg -3 f,
e 1—-f e
1 GM \?2 1 . ) .
Y(u, w) = \/ 2 cosIEw — sl ) {(ae wosh w) + " w*a*e* (sin*u sinh* 2w + sin® 2u cosh* w) +
1 o*d® inh? 2
+— % 3sinh 2w arctan sinh w — 2 wmr W 4coshw| [P (cosu)] +
9 P cosh w
1 o'd 1
+ Z 7 [(351’nh2 w + 1) arctan sinh w — 3 sinh w]2 sim? Qu bt . (3.11)

4. Presnost urcenia geopotencialneho modelu EGM 96
na uzemi Slovenska

Presnost urcenia geopotencialneho modelu EGM 96 bola tes-
tovana na 55 bodoch, ktorych predbezné vysledky st zo spoloc-
ného spracovania kampani SGN 93, 95, 98, 99, CEGRN 94, 95,
96, 97 a TATRY 98, 99 [11] a pripojenia do ITRF97 postupom
uvedenym v [10].

TiazZovy potencial W(p, ®, A) na zemskom povrchu je rovny
normalnemu potencialu U(®,, &) na teluroide iba teoreticky.

Rozdiel

oW = W(p, , A) — U(D,, h) (4.1)
definuje nepresnost urenia geopotencialneho modelu za predpo-
kladu, Ze chyby v uréeni vySok mozeme zanedbat.

Obr. 2 vyjadruje rozdiely 6W = Wygy, 96 — U(P,) medzi tiaZo-
vym potencidlom Wiy, o6 Vypocitanom z modelu EGM 96 a nor-
malnym potencidlom na teluroide U(P,) ziskaného z GPS
a nivelacie.

V obr. 5 st vyjadrené rozdiely medzi anomaliami vySoK {zgus 96
vypocitanych z geopotencialneho modelu EGM 96 a anomaliami
vySok {5, ur¢enych z GPS a nivelacie.

4. Accuracy estimation of geopotential model EGM 96
at territory of Slovakia

The accuracy estimation of the geopotential model EGM 96
was tested at 55 points. The estimations can be obtained from
a common processing of the campaigns SGN 93, 95, 98, 99,
CEGRN 94, 95, 96, 97 and TATRY 98, 99 [11] and connection
into ITRF97 according to the technique described in [10].

The gravity potential W(p, ®, A) on the earth’s surface is
equal to the normal potential U(®P,, /) on the telluroid only theo-
retically.

The difference

0’

W= W(p, ®, A) — UD,, h) (4.1)
defines the inaccuracy in the geopotential model under
assumption that errors of heights estimation can be neglected.

Figure 2 shows the differences 6W = Wygy, o6 — U(P,)
between the gravity potential Wy, o4 computed from EGM 96
model and the normal potential on the telluroid U(P,) obtained
from GPS and leveling.

Figure 5 shows the differences between height anomalies
Ceom 06 computed from EGM 96 model and height anomalies
{y—, determined from GPS and leveling.
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Obr. 2. Rozdiely medzi tiazovym potencidlom Wy, o5 vypocitanym z EGM 96 a normdlnym potencidlom U(P,) urcenym z GPS a niveldcie [m’s™?]
Fig. 2. Differences between gravity potential Wy o5 computed from EGM 96 and normal potential U(P,) obtained from GPS and leveling [m’s™?]

50.00 ——|

49.50+

49.00+

48.50

48.00—

47.50—"— | | | | |
17.00 18.00 19.00 20.00 21.00 22.00 23.00

Obr. 3. Anomadlie vysok (y _,, urcené z GPS a niveldcie [m]
Fig. 3. Height anomalies {;;_, determined from GPS and leveling [m]
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Obr. 4. Anomalie vySok (g o6 VypOCitané z EGM 96 [m]
Fig. 4. Height anomalies {pgpy o5 computed from EGM 96 [m]
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Obr. 5. Rozdiely 8 = {y—j, — Lugur o6 Medzi anomdliami vysok vypocitanych z EGM 96 a uréenych z GPS a niveldcie [m]
Fig. 5. Differences 6 = {y_,, — Lgau o6 between height anomalies computed from EGM 96 and obtained from GPS and [m]
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5. Zaver 5. Conclusion
Nepresnost urCenia geopotencialneho modelu EGM 96 na The inaccuracies in the EGM 96 model estimation at terri-

uzemi Slovenska vyjadruju maximalne rozdiely tiazového potencialu | tory of Slovakia are expressed by the maximal differences of the
O6WD = 20 m?s ™2, maximalne rozdiely anomalie vysky 08/0 = | gravity potential 08WO = 20 m’s~ 2, the maximal difference of
= 1,50 m, stredna chyba tiaZového potencialu o7, ., a stredna | height anomalies J6/0J = 1.50 m, the mean error of gravity poten-
chyba anomalie VySky o7, o: tial o7y, ,, and the mean error of height anomaly O tronr o6

n n

> W D8

TWieron = 1| o £6.8mMS 7, Oppres = ’:1—1 =046m,i€(1,n),
_ n—

kde n je pocet bodov. | where # is the number of points.
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MATEMATICKY APARAT PRE VYPOCET PRAVDEPODOBNOSTI
CHYBY DEKODEROV BLOKOVYCH KODOV

MATHEMATICAL APPARATUS FOR ERROR PROBABILITY DETERMINATION

OF BLOCK CODE DECODERS

Cldnok sa zaoberd problematikou bezpecnej komunikdcie v uza-
tvorenych prenosovych systémoch pri pouziti blokovych systematickych
(n, k) kodov. Je uvedeny matematicky apardt pre vypocet pravdepo-
dobnosti nedetegovanej chyby pre kody so zndmou a nezndmou
vahovou Struktiirou. Ciselné vysledky sii platné pre symetricky bindrny
kandl, za predpokladu nezavislych chyb v kandli.

1. Uvod

Uroveii bezpeénosti pri prenose informacie cez komunikaény
kanal je dana sumarnou hodnotou zloZenou z integrity, dostup-
nosti a dovernosti. Typické poradie kodérov a dekodérov v komu-
nikacnom refazci je ukazané na obr. 1.

El E2

E=

This paper deals with safety - related communication in closed
transmission systems when block systematic (n, k) safety codes are
used. The mathematical apparatus for calculation of probability of
undetected sequence error is described for codes, with known and
unknown weight structure. The numerical results are valid for a Sym-
metric Binary Channel when the occurrence of independent errors is
assumed.

1. Introduction
The level of security for transmission of information across
the communication channel is calculated as a summary value of

integrity, availability and confidentiality. A typical order of coders
and decoders in the communication chain is shown in the Fig. 1.

E3 E4

Dz Dl
EE

Obr. 1. Komunikacny retazec pre prenos informdcie
Fig. 1. Communication chain for transmission of information

Poradie komponentov pre prenos informacie v komunikac-
nom retazci nie je nahodné, kazdy blok ma presne urcenu loka-
litu.

* Ing. Maria Franekova, PhD.

The orders of components in a communication chain for
transmission of information are not random; every block has its
fixed locality.

Department of Information and Safety Systems, Faculty of Electrical Engineering, University of Zilina, Vel'ky diel, SK-010 26 Zilina, Slovak Republic,

Tel.: +421-89-5133 248, E-mail: frane@fel.utc.sk
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Poradie dvojic komponentov kodér/dekodér v komunikacnom
refazci je nasledovné:

E\/D, - kompresny (zdrojovy) kodér/dekodér
E,/D, - Sifrovaci kodér/dekodér

E;/D, - zabezpecovaci (kanalovy) kodér/dekodér
E,D, - modulator/demodulator

CH - prenosovy kanal

V niektorych pripadoch nie je nutné pouzit vSetky uvedené
komponenty, to zavisi od konkrétnej aplikacie. Tiez kanal moze
byt napriklad pamat, do ktorej je informacia zapisana alebo zako-
dovana a potom je Citana alebo dekodovana.

Nezmenenie a nenaruSenie informacie pocas prenosu mozno
zabezpe€it pomocou zabezpecovacich kédov, ktoré¢ by mali byt
schopné ochranit systém podla poZadovanej urovne integrity.

V uzavretych prenosovych systémoch podla normy prEN
159-1 [1] moze byt pouzity ako zabezpecovaci kod iba detekény
kod. Pre splnenie pozadovanej irovne bezpecnosti je potrebné
detegovat typické zhluky. Tieto mozu byt: nahodné chyby, zhluky
chyb, systematické alebo kombinované chyby. Uroven bezpeénosti
je efektivna vtedy, ak pravdepodobnost nedetegovanej chyby kodo-
vého slova je vysSia nez pozadovana hodnota. Tieto poziadavky
mozno realizovaf pomocou velkého mnozstva zabezpecovacich
kodov [2], [5]. Frekventovanou zavislostou, ktora ohodnocuje
uroven bezpecnosti je pravdepodobnost chyby kodového slova p,
v zavislosti od bitovej chybovosti p, pouzivaného kanala. Kazdy
odporuceny alebo pouzity kod v uzatvorenom prenosovom systéme
je potrebné analyzovat a vypocitat maximum pravdepodobnosti
nedetegovanej chyby kodového slova pre pouZzity prenosovy kanal.
Pri vypocte mozno pouzit statistické hodnoty pravdepodobnosti
chyby elementarneho symbolu (bitu) niektorych typickych kanalov.
Binarny symetricky kanal alebo kanal s gausovskym aditivnym
Sumom su vel'mi Casto pouzivané matematické modely kanalov,
pri vyjadreni matematického aparatu v sledovanej oblasti [3].

V ¢lanku st uvedené metddy vypoctu pravdepodobnosti nede-
tegovanej chyby kodového slova systematickych blokovych kodov:
1. v pripade, ked je znama vahova funkcia kédovych zloziek

(napr. Hammingove kody)

2. v pripade, ked nie je jednoduché generovat vahovu funkciu
kodovych slov (napr. binarne BCH kody).

2. Metody vypoctu pravdepodobnosti nedetegovanej
chyby kodového slova

Pri niektorych postupoch vypoctu pravdepodobnosti chyby [2],
[4] je potrebné poznat vSetky kodové slova kodu. Potom pravde-
podobnost nedetegovanej chyby kodového slova p,; pre binarny
symetricky kanal (BSC) mozno vypocitat podla (1):

n

Py= >

e

Aph (1 =p) ! (1

The order of couples of components in the communication
chain is the following:

E\/D, - compression (source) encoder/decoder
E,/D, - ciphering encoder/decoder

E;/D, - safety (channel) encoder/decoder
E,D, - modulator/demodulator

CH - transmission channel

In some cases it is not necessary to use all the above shown
components, depending on their concrete application. Also the
channel can be e.g. a memory, where information is written or
coded and then is read or decoded.

The non-modification and non-corruption of information
during transmission can be secured by safety codes, which should
be capable of protecting the system, in the required level of
integrity.

In the closed transmission system according to the norm
prEN 159-1 [1] only the error detection code can be used as
a safety code. For fulfilling the required safety integrity level it is
necessary to detect typical errors. These errors can be random
errors, burst errors, systematic or combined errors. The level of
security is effective when the probability of undetected sequence
error is bigger than a demanded value. These requirements can be
realized with the sufficiently complex safety codes [2], [5]. A fre-
quent function relation used for evaluation of a safety level is error
probability of code word p, depending on a bit error rate p, of the
used channel. It is necessary to analyze and determine the utmost
probability of an undetected sequence error for the used trans-
mission channel for every recommended or used code in a closed
transmission system. In the process of calculation the statistical
values of probability of bit error for some typical channels can be
used. Binary Symmetric Channel or Additive White Gaussian Noise
Channel is an often-used mathematical model of a channel for the
expression of mathematical apparatus in this area [3].

In the article the following methods of the calculation of prob-
ability of undetected sequence error of systematic block codes are
introduced:

1. in a case when a weight function of code words is known (e.g.

Hamming codes)

2. in a case when it is not easy to generate the weight function
of code words (e.g. BCH codes).

2. Methods for calculation of probability of an
undetected sequence error

An approach of determination of error probability [2], [4]
needs to know all sequences (or code words) of code. Then the
probability of an undetected sequence error p,, for Binary Sym-
metric Channel (BSC) can be calculated according to (1):

n

Pelz z

_ |4

‘min

App (L =p) ! e

+1
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Kde:d,,;, je minimalna Hammingova vzdialenost kédu
A; je celkovy pocet kodovych slov s vahou i
D, je bitova chybovost kanala

Predpokladame, Ze chyby v kanali si nezavislé a vyskytuju sa
s bitovou chybovostou p,, a ich vyskyt mozno aproximovat husto-
tou rozdelenia pravdepodobnosti podla binomického rozloZenia.

Hammingove perfektné (n, k) kody [5] su jedny z mala skupin
kodov, kde je znama kompletna vahova funkcia 4(x):

AX) = Ax 2
i=0
Vahova funkcia pre Hammingove kody s d,,,, = 3 a dizkou

kédového slova n = 2" — 1 (r je pocet redundantnych bitov) je
[2]:
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Where: d,,;, is minimal Hamming distance of code
A,  is the total number of sequences in the code with
weight i
p,  is abit error rate of channel

Provided that errors in the channel are independent and occur
with a bit error rate p, and the occurrence of error might be
approximated by a binomial density of probability.

Hamming perfect (n, k) codes [5] belong to a few classes of
codes for which the complete weight function of code words 4(x)
is known, where A(X) is the weight-enumerating function of a code:

AX) = A )
=0
The weight-enumerating function for the distance-3 Hamming

codes of code words length n = 2" — 1 (where, r is number of
redundancy bits) is [2]:

1
AE) =~ [+ )"+ (] + )R (1 = )T 3)

+1

Pre kodové slova s vicsou dizkou n moze byt vypocet p,,
komplikovany. Velkou vyhodou je, ze hodnoty funkcie A(x) su
symetrické pozdiz (n—1)/2, ¢o zjednodusuje vypocet. Hammin-
gove kody s d,,,, = 3 sa daju lahko prekonvertovat na Hammingove
kody s d,,;,, = 4 pridanim jedného paritného bitu. To spdsobi, Ze
vsetky kodové slova s vahou i (pre neparnu vahu) sa stant kodo-
vymi slovami s vahou i + 1.

Pozn.: Plati len pre rozsirené Hammingove kody s pdrnou paritou.
Vysledky pravdepodobnosti nedetegovanej chyby kodového slova pre rozsi-
reny Hammingov kod sii uvedené v clanku [5].

Nie pre vsetky zabezpecené blokové kody je jednoduché gene-
rovat vahovu funkciu kodovych slov A(x). Potom pravdepodob-
nost nedetegovanej chyby kodového slova nemoze byt pocitana
podla vztahu (1). V uzatvorenych prenosovych systémoch su
vel'mi ¢asto pouzivanymi detek¢nymi kédmi binarne cyklické kody,
s dizkou kodového slova n a generaénym polynomom g(x) [5].
Rovnicu (1) mozno modifikovat podla [4], ak hodnota 4, je apro-
Ximovana pomocou (4):

1
4= 5r (';) (4)

Potom pravdepodobnost nedetegovanej chyby kodového slova
je dana vztahom (5):

1 n n . i
P = ik > <.>pé(l—pb)” Q)
i=dypin !

Ak suéin np, << 1 mdZe byt suma v (5) aproximovana prvym
¢lenom sumy (6):

U (n . =
Doz = F (dmm> pbdmm (1 —pp) Apmin (6)

Je evidentné, Ze vo vztahu (6) je potrebné poznat okrem para-
metrov (n, k) aj minimalnu Hammingovu vzdialenost kédu d,,,;,
kodovych slov. Ak je jej hodnota neznama, na vypocet d,,,, moZzno

For sequences of a larger length n calculations of p,; can be
complicated a big advantage is that the values of function A(x) are
symmetrical along the point (n—1)/2, what eases the calculation
The distance-3 Hamming codes can be converted in a very easy
way to a minimum distance-4 code by appending one additional
parity symbol to all code words. It causes that all weight-i code
words (with odd weight) become weight- i + 1.

Note: 1t is valid for expanded Hamming codes for even parity, only.
The results of values of probability of undetected error for extended
Hamming codes are shown in paper [5].

It is not easy to generate the weight function of code words
A(x) for all safety block codes. Then the probability of undetected
sequence error cannot be calculated by given (1). In the closed
transmission system some types of binary symmetric cyclic (n, k)
codes with code word of lengths n and with generate polynomial
g(x) as the detection codes are very often used. Equation (1) can
be modified [3], where value of 4, is approximated by (4).

L n
Az=2n_k<i) “)

Then probability of an undetected sequence error is given

by (5):
1 n ) )
A E=ID) (”.)p,;(l—m"" (5)
i=dpin !

If np, << 11in (5) then, can be sum approximated by the first
member of sum (6):

L (n i
”ﬁEW(dmm)Pb”’”“”U ~p) (6)

It is evident that in the relationship (6) it is necessary to know
besides the parameters of #, k, also the minimum Hamming dis-
tance of code words d,,,;,. If this value is unknown for determina-

min
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pouzitf Gilbertovu nerovnost pre parne kodové slova (7) a pre
neparne kddové slova (8).

(dpmin—1)12 n
2k =2 N
i=0

(dmmiz)/z e
gk i i

Pre niektoré hodnoty (n, k) binarnych cyklickych kodov
a BCH kodov su vysledky Gilberovej nerovnosti tabelované [2],
[4], [5].

1) = g1 (8)

3. Vysledky simulované pocitacom

V prispevku su uvedené priklady vypoctu hodnot pravdepo-
dobnosti nedetegovanej chyby kodového slova p,,, p,, a p,; vyjad-
rené vztahmi (1), (5) a (6) pre interval bitovej chybovosti kanala
od p, = 107° do p, = 0,5. Prva metoda vypoctu, zo znalosti
vahovej funkcie kodu, je demonstrovana na priklade rozsireného
Hammingovho kédu (128,120) s 4,,;, = 4, ktory moZno pouZit
v uzatvorenom prenosovom systéme pre detekciu dvoch chyb
v kodovych slovach. Ciselné hodnoty su uvedené v tab. 1 a gra-
fické zavislosti na obr. 2. Pre porovnanie hodnét pocitanych
podla (5) a (1) st vypocitané aj hodnoty p,, a v tab. 1 je uvedend
odchylka medzi nimi 6 = abs (p,; — p,,). Vahova funkcia Ham-
mingovho (128,120) kodu je uréena pomocou programu MATLAB.
Vysledky pravdepodobnosti nedetegovanej chyby kodového slova
podla (1) su vypoc€itané pomocou programu DERIVE.

Pravdepodobnost nedetegovanej chyby kodového slova Tab. 1
Hammingovho (128,120) kodu
po | 270110721107 1074107 1076|1077 [ 1078 107°

Dot 39 | 258 | 754 8,421 8,52 | 853|853 853]8,53
e3 e-4 e8 | el2| e16 | e20 | e24 | e28 | e32

Doy | 3.9 | LST | 377 | 412 416 | 416 | 416 | 416 | 4,16
e-3 e-4 e8 | e12| e16 | e20 | e24 | e28 | e32

) 0 1,01 | 3,77 | 430 | 4,36 | 4,37 | 4,37 | 437 | 4,37
e-4 e8 | e12 | e16 | e20 | e24 | e28 | e32

Vysledky v tab. 1 a na obr. 2 ukazuju, ze hodnoty pravdepo-
dobnosti chyby pocitané podla vztahov (1) a (5) sa odliSuji mini-
malne. Odchylka 6 medzi hodnotami je konStantna v mantise
(hodnota 4,37) od hodnoty bitovej chybovosti p, = 1076. 0d
hodnoty pb = 1072 sa odchylka & li§i pravidelne o styri rady
Vv exponente.

Druha metéda vypoctu pravdepodobnosti chyby pre blokové
kody s neznamou vahovou funkciou je ukazana na priklade binar-
neho BCH kodu (255,199) s d,,,,, = 15. Kod dokaze detegovat 14
chyb v kodovej zlozke. Vysledky st uvedené v tab. 2 pre rovnaky
interval bitovej chybovosti. Hodnoty p,, a p,; st urcené podla

tion of d,,,;,, Gilbert’s unequation for even length of code words (7)
and for odd length of code words (8) can be used.

(dmin—1)/2 n
ADS isz" (7
i=0

(dpin=2)/2 (” l)
2k =0 i < 271*1 (8)

For some valid combination (#, k) of binary cyclic codes and
BCH codes the values of Gilbert’s unequation are tabulated [2],
[4], [5].

3. Computer simulation results

In the paper are shown examples of calculation of the values
of probability of an undetected sequence error p,;, p,, and p,;
given by relations (1), (5) and (6) for interval of a bit error rate of
a channel from p, = 107° to p, = 0.5. The first method of cal-
culation, based on knowledge of the weight function of code, is
demonstrated by an example of extended Hamming (128,120)
code with d,,;, = 4, which can be used in the closed transmission
system for detection of two errors in every code word. The numer-
ical results are shown in Tab. 1 and the graphical results in Fig. 2.
For comparison of the values given by (5) and (1) are calculated
the results of p,,, too and in Tab. 1 the deviation between them
6 = abs (p,; — p,,) is determined. The weight function of Hamming
(128,120) code according to (3) and undetected sequence error
probability according to (1) are calculated via program MATLAB.
The values of undetected sequence error probability given by (5),
(when the weight function of code words is unknown), are calcu-
lated with the help of program DERIVE.

The undetected sequence error probability Tab. 1
for Hamming (128, 120) code

pp | 2701107201073 10741073 107 1077 [ 1078|1077
Do | 3.9 | 258 | 7.54 | 8.42 | 852 | 8.53 | 8.53 | 8.53 ] 8.53

e3 e-4 e8 | e12 | e16 | e20 | e24 | e28 | e32
Per | 3.9 | 157 | 377 | 412 | 416 | 4.16 | 416 | 416 | 4.16
e3 e-4 e8 | e12 | e16 | e20 | e24 | e28 | e32
0 0 1.01 | 3.77 | 430 | 4.36 | 4.37 | 4.37 | 4.37 | 4.37
ed | e8 | el2 | el6 | e20 | e24 | e28 | e-32

The results in Tab. 1 and Fig. 2 show that the values of an
undetected sequence error probability, calculated by relations (5)
and (1) are minimally distinguished. The deviation between the
values is constant in mantisa (value 4.37) for bit error rate from
Dy = 10~°. The deviation from value Dp= 1072 is periodically dif-
ferent by four orders in the exponent.

The second method of calculation of error probability for
block codes with an unknown weight function is shown for binary
BCH (255,199) code with d,,,,, = 15. The code can detect 14 inde-
pendent errors in every code word. The results are shown in Tab.
2 for the same interval of a bit error rate.
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Obr. 2. Grafické vysledky pravdepodobnosti chyby nedetegovaného slova pre Hammingov (128,120) kod
Fig. 2. Graphical results of the probability of undetected sequence error for Hamming (128,120) code

vztahov (5) a (6). Hrani¢na hodnota bitovej chybovosti p,, od
ktorej mozno vztah (5) aproximovat vztahom (6) pre dizku kodo-
vého slova n = 255, je p, = 1073,

The undetected sequence error probability Tab. 2

for binary BCH (255, 199,14) code

p, | 270 (10721073 107* 107101077 | 1078 |107°

P | 13 ] 92 169 | 85| 87 | 87 | 87 | 87 | 87
e-17 | e25 | €39 | e54 | e69 | -84 | €99 |el114]-129

Pravdepodobnost nedetegovanej chyby Tab. 2
pre binarny BCH (255, 199,14) kod
pp | 2701107201073 1074 107 107 1077 [ 1078|1077

Der L3 19269 | 85| 87 | 87| 87 | 87 | 87
e17 | e25 | e39 | e54 | e69 | -84 | €99 | e114]| -129

De3 5] 78 | 68 | 85| 87 | 87 | 87 | 87 | 817
e17 | e25 | e39 | e54 | e69 | e84 | €99 | e-114 |e-129

De3 LS| 78 | 68 | 85| 87 | 87 | 87 | 87 | 87
e-17 | e25 | e39 | e54 | e69 | e84 | e99 | e-114|e-129

4. Zaver

Pocas prenosu informacie medzi zabezpecovacimi systémami
musi byt garantovana pozadovana hranica pravdepodobnosti chyby.
Preto nutnou sucastou celkovej analyzy bezpecnosti je aj analyza
bezpecnosti pouzitého blokového kédu. V prispevku su uvedené
dve metody vypoctu pravdepodobnosti nedetegovanej chyby kodo-
vého slova, ked pozname vsetky kodové zlozky kodu a v pripade,
ked je veImi obtiazne generovat vahovu funkciu kodu. Porovnanie

The values of p,, and p,; are calculated according to (5) and
(6). The bounded value for a bit error rate pb from which relation
(5) can be approximated by relation (6) for code word length n =
=255isp, = 107>,

4. Conclusion

During communication between safety-related systems the
required bound of undetected sequence error probability must be
guaranteed. Therefore with some type of safety codes used of data
transmission the analysis is a necessary part of the total analysis
of security. In the paper two methods of calculation of the proba-
bility of an undetected sequence error are dealt with - when all
code sequences of code are known and when the weight function
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vysledkov pravdepodobnosti nedetegovanej chyby kodového slova
pocitanych podla vztahov (1), (5) a (6) je realizované na prikla-
doch systematickych blokovych koédov - Hammingov (128,120)
a binarny BCH kod (255, 199, 14). Vysledky pre p,; a p,, a pre p,,
a p,; uvedené v tab. 1 a tab. 2 su radovo ekvivalentné, ¢o je velmi
dolezity poznatok. Vysledky su platné len pre nezavislé chyby
v kanali. Z obr. 1 vyplyva, Ze vysledky pravdepodobnosti p,, a p,,
limituja pre p, = 0,5 k hodnote 2%, ¢o podla [1] je najnizsia
mozna hodnota pravdepodobnosti nedetegovanej chyby pri pouziti
blokovych (n, k) kodov.
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Marian Josko - Marcin Jarmuzek *

HODNOTENIE ADHEZIVNYCH SPOJENI MEDZI POVLAKOM
A SUBSTRATOM S POUZITIM ULTRAZVUKOVE] SPEKTROSKOPIE

EVALUATION OF ADHESIVE JOINTS BETWEEN COATING AND SUBSTRATE USING
ULTRASONIC SPECTROSCOPY

V ¢lanku je vvkonand teoretickd analyza ultrazvukového impulzného signdlu a experimentdlne vysetrovanie na skiisobnych vzorkdch.
Skiisobné vzorky boli vyrobené z konstrukcnych oceli a pokryté poviakmi z tmelov a lakov. Studovali sme predovietkym citlivost vybranych
parametrov ultrazvukového spektra na zmeny stavu substrdatu a prilnavosti. Bolo konstatované, Ze nepravidelnosti substratu a hribka poviakov
ovplyviiujii spektrum ultrazvukového signalu.

In the paper the theoretical analysis of ultrasonic impulse signal and experimental investigations on some specimens was carried out. The
specimens were made of constructional steel on which some coatings of automotive putty and lacquer were layered. In particular, the sensitivity
of selected parameters of ultrasonic spectrum on changes of condition of the substrate and bonded materials was studied. It was noticed that
irregularities of substrate and the thickness of coatings layered, influence parameters of the ultrasonic signal spectrum.

1. Introduction selected parameters of ultrasonic spectrum on changes of sub-
strate condition and bonded materials.

A lack or a loss of adherence between coatings and substrate
are caused by loosening of coating from a substrate. All areas of
the loosening can be considered as flat defects. They would be | 2. Theoretical analysis
detected by a traditional amplitude-time ultrasonic method, and
they can influence also an amplitude-frequency spectrum of ultra- On the base of [5], we can express the amplitude of harmonic
sonic signal descended from a space of the joint of coating with | components of ultrasonic signal /,, by a typical wave dependence:
the substrate. Some positive examples of application of ultrasonic

spectroscopy for evaluation of adhesive bonds are known already (/¢ L (/c
[13]. sin T nfy |27t sin (— + nfy |27t
hn = AfOT 4 - c
The ultrasonic spectroscopy is a very essential supplement to (K - ”f0>2777 (X + '1fo>2777'

ultrasonic defectoscopy, because through an analysis of ultrasonic

signal in frequency domain, we can obtain some additional data

concerning detected faults. In some cases, it is possible to receive | where:4 -amplitude of ultrasonic signal,

the fundamental information about shape and orientation of defects fo -frequency of impulse generation,

as well as about the structure of materials [4], especially using 7 - duration of impulse,

ultrasonic broadband transducers. ¢ -velocity of ultrasonic wave in the medium,
A -wavelength of ultrasonic wave,

The purpose of this paper is an assessment of suitability of n - natural number.

spectral analysis of ultrasonic signal, whose sources are medium-

damping transducers, for evaluation of adhesive joints of two sorts The wavelength of ultrasonic wave A can be connected with

coating layered on steel substrate. The role of coatings plays an | the dimension of the planar defect d using the below equation:

automotive lacquer layers and an automotive putty. The range of

our considerations is limited to an assessment of sensitivity of A=zd 2)

* Dr. Ing. Marian Josko, Mgr. Ing. Marcin Jarmuzek
"Poznan University of Technology, Institute of Working Machines and Motor Vehicles, Piotrowo 3, 60-965 Poznan, Poland, Tel.: +48-061-6652247,
Fax: +48-061-6652736, E-mail: Marian.Josko@put.poznan.pl
2Postgraduate Study Candidate, MPK, Ltd. - Municipal Transport Company, ul. Glogowska 131/133, 60-244 Poznan, Poland, Tel: +48-061-8699361,
Fax: +48-061-8791681.
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- average size of planar defect on the adhesive boundary,
- factor of proportionality (grade of commensurability).

where: d
z

Including (2) in the expression (1), the mathematical rela-
tionship between the amplitude of harmonic components of ultra-
sonic signal /, and average size of planar defect d (for example the
dimension of the loosening of coating from substrate), can be pre-
sented in the following formula:

sin((% - 11]"())2777) sin((i + nf0>27r'r)

h, = AfyT ¢ - c (3)
— —nfy 27T — + nfy |27
< zd ) ( zd )
where: 4 - amplitude of ultrasonic signal,
f, -frequency of impulse generation,
7 - duration of impulse,
¢ -velocity of ultrasonic wave in the medium,
z -factor of proportionality,
d - average size of planar defect on the adhesive boundary,
n - natural number.

It can be supposed that most of harmonic components of the
ultrasonic signal are reduced, when the wavelength of ultrasonic
wave A is at least commensurable with the size of defect or con-
siderably smaller than size of the planar defect d (A = d or A << d).
According to [6], both damping and dissipation of ultrasonic
wave are the utmost in these cases.

The main parameters and the character of frequency spectrum
envelope of sinusoidal ultrasonic impulses, illustrated by depen-
dence (3), can be presented as in Fig 1. The planar defects on the
boundary between coating and substrate could influence this
spectrum as a band-pass filter, e.g. low-pass or high-pass. It means
that defects can remove a certain part of components of the spec-
trum.

PREHLADY / REVIEWS

3. Experimental investigations

For investigation of sensitivity of paramount parameters of
ultrasonic spectrum on changes of substrate irregularity and bonded
materials, steel disc-shaped specimens were selected (Fig. 2). All
specimens were made of construction steel, marked 40, according
to Polish Standards (PN). Some main parameters of the steel are
contained in Table 1. During the first stage of investigations,
a number of ultrasonic commercial transducers made by INCO,
Unipan and Karl Deutsch Company, at different frequencies, were
applied. In the course of fundamental investigation 6L.0° 10C-INCO
transducer was used only.

Some main parameters of substrate material Tab. 1
- steel 40, according to PN-93/H-84019

Chemical constitution (wt.) Mechanical properties
C | Mn| Si Cr | Mo| Ni | Cu |Rm | Re |AS | Z
(%] | [%] | [%] | [%] | [%] | [%]| [%] [MPa][MPa] [%] | [%]
0.41 | 0.67|0.33|0.09| 0.11 | 0.08 | 0.12| 572 | 335 | 19 | 45
NIO
]
l ~
' o~

¢30 Nlo

Fig. 2. Shape and dimension of the steel specimen (substrate with
coating): N— O - ultrasonic transducer type transmitter-receiver

a) b)

bl
' ______________ 7T
£t) T anc |
A ﬂ ﬂ ﬂ n _t_ ,.-":-1hfﬂ
vy U L, Iy £
1 T. ‘—-—/é % E ~7 fo
e Ly By

Fig. 1. The illustration of an ultrasonic signal analysis: a) parameters of ultrasonic impulses: f - frequency, A - amplitude, T-duration of impulse,
T - period of impulses, T, - ultrasonic wave period, t - time; b) the shape of envelope of the theoretical line impulse spectrum of ultrasonic

signal - explanation of all symbols as in expression (3)
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For generation and computer treatment of ultrasonic signals
an ultrasonic, digital instrument (Ultramet UMT-12) was used.
This instrument possessed function FFT and gave possibility auto-
matically to determine f, - peak (resonant) frequency and b - band-
width of ultrasonic signals at —6 dB. Other parameters of the
ultrasonic signal spectrum were read out from the computer screen
using so-called “frozen picture” and special computer cursor with
given values of ultrasonic signal spectrum analyzed. These para-
meters are shown in Fig. 3.

0 f. B f [MHz]
Fig. 3. Parameters of ultrasonic signal spectrum: fr-peak (resonant)
frequency, b-bandwidth (—6 dB) of the signal spectrum, B - frequency
of the deepest depression, C - depth of the deepest depression,

D - parameter D = |f,—B|
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The program of an experiment comprised some series of mea-
surements of disc-shaped specimens for a diversified roughness of
the substrate and a thickness of the coatings. Some main parame-
ters of the roughness as R, R., S,, and R, were determined with
aid of surfer analyzer type Taylor Hobson Surtronic 3+. The
diversification of substrate was achieved by grinding, sandblasting
and shot-peening. On the substrate were layered coatings from
automotive acrylic lacquer type PPG-Deltron and automotive
polyester putty type Novol. An exact chemical composition and
mechanical parameters of both materials used as coatings are
reserved by producers. Table 2 reflects the program of preparing
the specimens used during the experiment.

The specimens were monitored from the coating side and
from the steel substrate side. Figure 4 shows examples of the
frequency spectra, obtained in result of FFT transformation. All
details of the investigations are enclosed in the thesis [7].

On the support of the data set of all considered parameters of
the signal spectra, were plotted some dependencies between the
parameters, selected of them are shown in Figs. 5 - 8.

4. The principal conclusions
The theoretical analysis the problem studied and the experi-

ments carried out allow us to recognize a feasibility of ultrasonic
spectroscopy for the evaluation of adhesive joints and preliminary

The program of preparation of the specimens for investigations carried out Tab. 2
Automotive acrylic lacquer - PPG-Deltron Automotive polyester putty - Novol

No | Method of substrate preparation Thickness of No | Method of substrate preparation Thickness of

spec. coating, [um] spec. coating, [mm]

01/1 | Mechanical grinding, ultrasonic 645 06/1 | Mechanical grinding, ultrasonic 0.65 £ 0.05
decreasing in acetone decreasing in acetone

01/2 | Mechanical grinding, ultrasonic 625 06/2 | Mechanical grinding, ultrasonic 0.65 £0.05
decreasing in acetone decreasing in acetone

02/1 | Sand-blasting EK100, ultrasonic 60 £5 07/1 | Mechanical grinding, ultrasonic 1.25 = 0.05
decreasing in acetone decreasing in acetone

02/2 | Sand-blasting EK100, ultrasonic 565 07/2 | Mechanical grinding, ultrasonic 1.20 = 0.05
decreasing in acetone decreasing in acetone

03/1 | Sand-blasting EK60, ultrasonic 60+ 5 08/1 | Mechanical grinding, ultrasonic 1.65 = 0.05
decreasing in acetone decreasing in acetone

03/2 | Sand-blasting EK60, ultrasonic 58*5 08/2 | Mechanical grinding, ultrasonic 1.60 = 0.05
decreasing in acetone decreasing in acetone

04/1 | Sand-blasting EK40, ultrasonic 605 09/1 | Mechanical grinding, ultrasonic 2.40 + 0.05
decreasing in acetone decreasing in acetone

04/2 | Sand-blasting EK40, ultrasonic 62+5 09/2 | Mechanical grinding, ultrasonic 2.45 £0.05
decreasing in acetone decreasing in acetone

05/1 | Shot-peening, ultrasonic decreasing 60 £ 5 10/1 | Mechanical grinding, ultrasonic 3.85 £ 0.05
in acetone decreasing in acetone

05/2 | Shot-peening, ultrasonic decreasing 565 10/2 | Mechanical grinding, ultrasonic 3.90 = 0.05
in acetone decreasing in acetone
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0.0 1.8 e 5.4 7.2 2.0 10.5 12,6 . 15,2 MHz

Fig. 4. Examples of frequency spectra for the following two cases: a) putty coating-thickness g = 1.2 mm, measurement from substrate side,
b) conditions of measurement as above - g = 1.6mm

6 ® monitoring the specimens
5,5 F'—*—_ " from the putty coating side
N 5
an @ monitoring the specimens
.E. 4,5 a0 e - from the steel basis side
= 4 ﬁ”:—0,0713Ra2+0,4543Ra+4,8617
3,5 R*=0,9851
3
0 1 2 3 4 s ST

thickness of coating g, [mm]

Fig. 5. The relationships between the peak (resonant) frequency - f, of ultrasonic signal spectrum and the thickness of putty coatings (g)

55

@ monitoring the specimens
50 *

from the putty coating side

45

o~ o
40 L \ w # monitoring the specimens
35 Ny from the steel basis side

\
30 \\&_—. C=2.1797Ra’ - 15.109Ra + 55.014

25 - R®=0.7727
20 \* C =36.625Ra**!

0 1 2 3 4 5 R® =0.7735

C, [%]

thickness of coating g, [mm)]

Fig. 6. The relationships between the depth of the deepest depression - C of ultrasonic signal spectrum and the thickness of putty coatings (g)
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5,7

5,9
5,8 }Ar @ monitoring the specimens from
/0'_ * the acrylic lacquer side
[}

N - .
T 5,6 1 @ monitoring the specimens from
= 55 the steel basis side
5.4
a3, ? \ B =-0.01Ra’ + 0.1019Ra + 5.2403
5.3 { R?=0.8398
5,2 1 B =-0.0053Ra” + 0.0657Ra + 5.6086
5,1 R*=0.7293
0 2 4 6 8 10 12
Ra [um)]

Fig. 7. The dependencies between the frequency of the deepest depression - f, of ultrasonic signal spectrum and the roughness of substrate (Ra)

0,75
0,7 ° [} rfquonitc})lring thle sll)ecimens 4
o om the acrylic lacquer side
65 1@ —
N 0,6 4 @ monitoring the specimen from
= 0,55 the steel basis side
‘g‘ 0,5 * *
> >
v <
R 045 . . T — * D =-0.0013Ra’ + 0.0133Ra + 0.6322
0.4 I ——
’ e R*=0.2129
0,35 <
0,3 D = -0.0014Ra’ + 0.0042Ra + 0.4748
0 2 4 6 8 10 12 R? = 0.4752

Ra [um]

Fig. 8. The dependencies between the parameter - D = |fmax—B| of ultrasonic signal spectrum and the roughness of substrate (Ra)

to realize, in determined ranges, an assessment of selected adhe- | « The ultrasonic spectrum analysis can be a useful method in the

sive joints between coating and substrate by the nondestructive evaluation of adhesive joints type automotive lacquer and putty,

method. Particularly, the main conclusions of our investigation can connected with the steel substrate of grade 40, according to

be reduced to the following statements: Polish Standards (PN);

« Between the main parameters of the real spectrum of ultrasonic | « Both irregularities of the substrate and the thickness of coatings
signal and such a parameter of coating as g and of the substrate layered, influence the parameters of a ultrasonic signal spect-
as Ra, there are regression relationships (Figs. 5 - 8); rum, and ultrasonic spectroscopy can be complementary nonde-

« The most sensitive to change of coating thickness is the depth of structive method for the evaluation or to diagnosis of adhesive
the deepest depression of spectrum C, and to change of rough- joints type coating-substrate.

ness substrate - frequency of the deepest depression B;
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VPLYV DEZINTEGRACNYCH METOD NA VYSLEDKY

HUSTOMERNE]J SKUSKY

THE INFLUENCE OF DISINTEGRATION METHODS ON TEST RESULTS FOR ASSESSMENT

OF THE SOIL PARTICLE SIZE DISTRIBUTION

Cldnok nadvizujiici na vyskumnii iilohu je zamerany na vyko-
ndvanie hustomernej skiisky na urcenie zrnitosti zeminy pre zeminy

neobsahujiice zrnd nad 2 mm. Niektoré casti skusky vyzeraju byt

problematické a rozne laboratorid casto ziskavaji rozne vysledky.
Prispevok sa zameriava na dokdzanie skutocnosti, Ze rozne metody
separdcie zfn maji podstatny vplyv na vysledok celej hustomernej
skusky a ukazuje, ako rozne separacné metody pésobia na jednotlivé
minerdlne zrnd spolu s pésobenim dispergacného cinidla.

1. Uvod

Skuska pre stanovenie zrnitosti zeminy je bezne pouzivanou
skuskou v geotechnickej laboratornej praxi. Vysledky tejto skusky
je mozné vyuzit pre ostatné geotechnické stanovenia a charakteris-
tiky zemin, napr.: upresnenie vyberu smernych normovych hodnot,
orientacné stanovenie priepustnosti, namrzavost podla Schiebleho,
aktivitu ilovych mineralov, vhodnost zeminového filtra pre malé
vodné nadrze a pod.

Skuska sa moze vykonavat roznymi sposobmi v zavislosti od
velkosti zfn zeminy. VSeobecne sa pre zeminy, ktoré obsahuju
zrna vacsie ako 2 mm, pouziva mokré alebo suché preosievanie
a pre zeminy obsahujice zrna mensie ako 2 mm hustomerna skuiska
a pipetova skuska. Pre iné typy zemin sa mo6zu pouzif kombino-
vané alebo iné metody.

Clanok nadvizuje na vyskumnu tlohu - Fyzikalne a chemické
vztahy v systéme ilovita frakcia - voda, na ktorej sa pracovalo
v tomto roku na katedre geotechniky. Uloha bola zamerand na
vykonavanie hustomernej skusky pre urCenie zrnitosti zeminy,
ktora neobsahuje zrna vacsie ako 2 mm. V laboratoriu boli testo-
vané viaceré vzorky a dve z nich, jedna z Martina a druha z Lip-
tovskej Ondrasovej boli podrobené tiplnej a opakovanej analyze,
vratane mikroskopického pozorovania.

* Mgr. Dana Sitanyiova

The article pertinent to the research activity focuses on the hydro-
meter test performed for assessment of the soil particle size distribu-
tion for soils not containing the particles of size over 2 mm. Some
stages of the test seem to be problematic, and various laboratories
often obtain different test results. The contribution is directed to prove
the fact that various methods of particles separation substantially
influence the result of a whole hydrometer test and trace how various
separation methods effect the individual mineral particles together
with dispersing agent.

1. Introduction

The test for assessment of the soil particle size distribution is
in common use in the geo-technical laboratory praxis. The results
of the test can be utilized for other geo-technical determinations
and characteristics of soils e.g.: choice specification of norm
values, informative assignation of permeability, frost susceptibility
by Schieble, activity of clay minerals, applicability of a soil filter
for little dams, etc.

The test can be performed in different ways in dependence on
the size of the soil particles. Generally the wet or dry sieving is used
for the soils containing particles of a size over 2 mm, hydrometer
test and pipette test for the soils containing particles of a size
under 2 mm. For other type of soils combination method, or other
method can be used.

The article relates to the research activity - Physical and chem-
ical relations in a water clay suspension system, which have been
carried out at the department of geotechnique this year. The
research focused on the hydrometer test performed for assessment
of the particle soil distribution for soils not containing particles of
a size over 2 mm. Several samples of soils were tested in the labo-
ratory and two of them, one from Martin and another from Lip-
tovska OndraSova, were completely and frequently analyzed,
included a microscopic observation.

Faculty of Civil Engineering, Department of Geotechnique, University of Zilina, Komenského 52, 010 26 Zilina,

Tel: ++421-41-7634818, E-mail: dasit@fstav.utc.sk
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2. Teoria sedimentacie

Teodria sedimentacie je zaloZena na skutocnosti, Ze vacSie
Castice sa v suspenzii usadzuju rychlejSie ako malé, za predpo-
kladu, Ze vSetky Castice maju podobny tvar a hustotu [2]. Ak su
zrna priblizne gulovitého tvaru, vztah medzi kone¢nou rychlostou
- Va priemerom zrna - D je dany Stokesovym zakonom.

V= D? (1

Hoci ilovité zrna nemaju gulovity tvar, aplikovanie Stokesovho
zakona je dostatoéne realistické pre vacSinu praktickych pripadov.
V zmysle Stokesovho zakona je konecna rychlost gulovitej Castice
klesajucej v kvapaline dana vztahom:

_ ng(Ps ~pr)
187

(2)

kde D = priemer zrna; pg = hustota hmoty pevnych zfn; p; =
= hustota hmoty kvapaliny; 1 = dynamicka viskozita kvapaliny;
g = gravitatné zrychlenie. V stllade s tedriou sedimentacie su
zrna roznej vel'kosti reprezentované ich konecnou rychlostou a pri-
blizne ekvivalentnymi priemermi.

Pocas hustomernej skusky sa zrna nechaju usadzovat pod
vplyvom gravitacie cez kvapalinovy stipec vysoky 300 mm. Hned,
ako sa suspenzia domieSa (Cas ¢ = 0), su vSetky zrna rozptylené
po celej hibke suspenzie. Potom sa zaénu usadzovat na dno. Ak
predpokladame, Ze zrna dosiahnu ich konec¢nu rychlost za kratky
Cas, po 10 sekundach kazdé zrno velkosti hrubej prachovitej
Castice spadne 10 mm, stredne prachovitej Castice 1 mm a jemne
prachovitej astice 0,1 mm.

Po 30 000 sekundach (asi 8 hodin) vSetky zrna vo velkosti
prachovitej Castice dosiahnu dno a v suspenzii ostanu len zrna vo
velkosti ilovitych Castic. Z presnych merani vykonanych v znamych
Casovych intervaloch od zaciatku sedimentacie je mozné stanovit
zrnitost zeminy. Pritomnost hmoty pevnych zfn mozZe byt stanovena
pomocou vzorkovania zo stanovenej hibky (v pipetovej analyze),
alebo meranim hustoty suspenzie pomocou hustomeru (husto-
merna skuska).

3. Popis hustomernej analyzy

V tejto metode sa na mera-

nie hustoty suspenzie zeminy vo
vode pouziva v roznych ¢asovych
intervaloch hustomer $pecidlne-
ho tvaru. Postup skusky a reagen-
ty st uvedené v tabulke 1.

Kompletna skiska sa obvyk-
le vykonava nasledovne:

1. Wyber a priprava: z reprezen-
tativnej Casti celej vzorky by
sa mala vybraf primerane

The test stages and used reagents
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2. Sedimentation theory

The theory of sedimentation is based on the fact that large
particles of suspension settle more quickly in liquid than small
particles, assuming that all particles have similar shapes and den-
sities [2]. If the particles are approximately spherical, Stokes’ Law
gives the relationship between a terminal velocity - V and a parti-
cle diameter - D.

Vo D? (1)

Although clay particles are not of a spherical shape, the appli-
cation of Stokes’ Law is sufficiently realistic for most practical
purposes [2]. According to Stokes’ Law, the terminal velocity of
a spherical particle falling in fluid is given by:

D’ -
V= &(ps — pr)
187

(2)

Where D = diameter of particle; pg = mass density of the solid
particle; p, = mass density of the fluid; n = dynamic viscosity of
the fluid; g = acceleration due to gravity. According to theory of
sedimentation, the particles of different size are represented by
their terminal velocities and approximate equivalent diameters.

In a hydrometer sedimentation test the particles are allowed
to settle under gravity through the water over 300 mm deep. Imme-
diately after the suspension has been shaken up (time ¢ = 0), all
particles are distributed throughout the depth of suspension. Then
the particles started to settle to the bottom. If we assume that a par-
ticle reaches its terminal velocity within a very short time, after
10 s the coarse silt particles have each fallen 10 mm, the medium
silt particles 1 mm and the fine silt particles 0.1 mm.

After 30 000 s (about 8 h) silt particles of all size have reached
the bottom, leaving only the particles of clay size in suspension.
From certain measurements made at known time intervals from
the start of sedimentation, the distribution of particle sizes can be
assessed. The mass of solid particles present can be determined by
sampling from a specified depth (as in the pipette test) or by mea-
suring the density of suspension with a hydrometer (the hydrom-
eter test).

3. Description of the hydrometer analysis

In this method a density hy-

Test procedural stages:

Selection and preparation of the test
specimen

Pretreatment for organic or
calcareous matter

Separation and dispersion
Wet sieving to 0.125 mm sieve
Hydrometer test

Calculation and result presentation

Tab. 1  drometer of special design is used
to measure the density of a soil
Reagents . . .
— suspension in water at various
Distilled water

time intervals. The test procedure
and reagents are shown in the
Table 1.

Hydrogen peroxide [20

volume solution]

Dispersant solution
The complete test is usually

performed as follows:

1. Selection and preparation: the
appropriate size of specimen

Hydrochloric acid
[¢ = 1Imol/1]

from representative part of
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velka vzorka (zaroven sa musi stanovif vlhkost zeminy pre
vypocet hustoty suspenzie).

2. Predpriprava: tato faza nie je potrebna vidy. Predpriprava
v pripade pritomnosti organickej hmoty je vhodna pre orga-
nické zeminy a vykonava sa pomocou oxidacie peroxidom
vodika. Predpriprava v pripade uhli¢itanovej hmoty s kyseli-
nou chlorovodikovou zabezpeCuje oddelenie jednotlivych zrfn,
pretoze vapnité primesy mozu posobit ako cementacné Cini-
tele. Pouziva sa pri vapnitych zeminach.

3. Separdcia a disperzia: pri separacii na jednotlivé zrna sa mozu
pouzit alternativne postupy. Pred separaciou sa pripravi vodna
suspenzia a do nej sa prida dispergacné Cinidlo. Potom by sa
suspenzia mala nechat dispergovat najmenej 24 hodin.

4. Preosievanie: pripravena dispergovana suspenzia sa preoseje
cez 0,125 mm sito a prenesie sa do odmerného valca, kde pre-
bieha samotna hustomerna skuska.

5. Hustomerna skuska: ked suspenzia dosiahne izbovu teplotu,
zamieSa sa v odmernom valci. Hned' po domieSani sa musi
zacat s odCitavanim na hustomeri v rdznych ¢asovych inter-
valoch.

6. Wpocet a prezentdcia vysledkov: namerané hustomerné Citania
sa vlozia do pocitaca a su vyhodnotené bezne pouzivanym soft-
vérom, v naSom pripade pomocou programu Soilab. Vysledkom
su krivky zrnitosti, ktoré znazornuju percentualne zastipenie
zfn zeminy.

Druha a tretia faza vyzera byt problematicka, pretoZe vyko-
nanie tychto faz je uplne zavislé od osoby, ktora vykonava skusku.
Ona vybera vhodné dispergacné €inidlo, jeho mnozstvo, separacnu
metodu a trvanie jednotlivych krokov. Tento fakt vel'mi vplyva na
vysledok skusky a tymto spdsobom viaceré laboratoria ziskavaju
rozne vysledky. Z tohto dovodu sa vyskumna uloha zameriava na
najdenie optimalnej metody pre stanovenie zrnitosti zeminy. Kon-
krétne na druhy a treti krok skusky.

4. Teoria disperzie

Systém zeminy a destilovanej vody reprezentuje disperzny systém
dvoch faz. V naSom pripade je pevna faza reprezentovana fazou
zeminy (dispergovana faza - disperzum) a destilovana voda zastu-
puje disperzné prostredie. Tento typ disperzného systému sa nazyva
suspenzia a mdZzeme ju zaradif medzi systémy lyofébneho typu.
Lyofobne soly su charakteristické nizkou pritazlivostou medzi dis-
pergovanou fazou a disperznym prostredim. Z hladiska stability
a rozpustania koloidnych Castic su dolezité iony adsorbované na
koloidnych ¢asticiach. Z tohto dévodu su lyofébne soly velmi
citlivé na pridanie elektrolytov, ktoré znizuju velkost i6nového
naboja vo sfére medzi dvoma fazami. Proces, kedy sa koloidné
Castice zrazaju, je nazyvany koaguldcia. Proces opacny, ked sa koa-
gulované agregaty premienaju na koloidné Castice, sa nazyva dis-
perzia. Na stabilitu koloidnej Castice vplyva mnoho faktorov, ale
najdolezitejSim je existencia elektrického naboja. Preto sa pri koa-
gulacii alebo disperzii pouzivaji metddy, ktoré ovplyvauju elek-
tricky naboj castic. NajpouzivanejSou metodou na ovplyvnenie
elektrického naboja je pouzitie disperznych cinidiel.

PREHLADY / REVIEWS

whole sample should be chosen (hereby, it is necessary to assign

the soil moisture for the calculation of suspension density).

2. Pretreatment: this stage is not necessary every time. Pretreat-
ment for organic matter is suitable for organic soils and it’s
provided with oxidation process with hydrogen peroxide. Pre-
treatment for calcareous matter with hydrochloric acid is
required for separation of individual grains, because the cal-
careous compounds could act as a cementing agent. It’s used
for calcareous soils.

3. Separation and dispersion: for separation of the individual par-
ticles alternative procedures can be used. Before separation
the water suspension is prepared and dispersing agent is added
into suspension. Then the suspension should be allowed to dis-
perse at least 24 hours.

4. Sieving: prepared dispersed suspension is sieved through the
0.125 mm sieve and transferred to a cylinder, where the hydrom-
eter test is realized.

5. Hydrometer test: when suspension reached the room tempera-
ture, it’s shaken in the cylinder. After stirring subsequently the
readings of hydrometer at various intervals of time must be
taken.

6. Calculation and result presentation: measured readings are
inserted into a computer and evaluated with a commonly used
software, in our case with the Soilab program. The curve,
which presents the per-cent representation of the soil particle
sizes is obtained.

The stages number 2 and 3 seem to be problematic, because of
the fact that the execution of these stages is absolutely dependent
on a person who performs the test. S/he chooses a suitable kind
of a dispersing agent, its amount, separation method and duration
of single stages. This has a great influence on the test results and,
in this way, various laboratories obtain different tests results.
Because of that fact, the research activity aimed at finding an
optimal method for the assessment of a soil particle size distribu-
tion. Concretely, it focuses on the second and third test stages.

4. Dispersion theory

The system of soil and distilled water represents a dispersed
system of two phases. In our case, the soil represents the solid phase
(dispersed phase) and distilled water represents a dispersed
medium. This type of a dispersed system is called suspension and it
can be tabled among lyophobe types. Lyophobe sols are character-
istic by a low attraction between a dispersed phase and a dispersed
medium. The ions adsorbed on colloidal particles are important
for stability and dissolution of colloidal particles. On account of
that, lyophobe sols are very responsive to the adding of electrolyte,
which lower the value of an ion charge in the sphere between two
phases. The process, when the colloidal particles are flocked is
called coagulation. The opposite process, when the flocked aggre-
gates are turned to colloidal particle is known as dispersion. Many
factors influence the stability of a colloidal particle, but the exis-
tence of an electrical charge is the most important. Therefore, the
methods, which have impact on the electrical charge of the parti-
cle are used to coagulating or dispersion. The most common way
to affect the charge is the use of dispersing agents.
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5. Popis skusok

V laboratoriu katedry geotechniky boli testované vzorky
z dvoch lokalit, jedna z Martina (vzorka 1) a druha z Liptovskej
Ondrasovej (vzorka 2). Obe vzorky boli ziskané zo sedimentarneho
loziska (z vrchnej povrchovej vrstvy), kde sa tazi material (paleo-
génna vapnito-ilovita bridlica a neogénny vapnity il) pre tehliarsky
priemysel. NajCastejSie sa vyskytujucimi mineralmi su: kremen,
kalcit, dolomit, pyrit, limonit, illit, kaolinit a montmorillonit.
Vzorka 1 tiez obsahovala vapnité ulomky fosilii a uhol'nti drvinu
(pigment). Vykonali sa nasledovné procedury:

Primerané mnoZstvo prirodzene vlhkej skiiSobnej vzorky (asi
40 g) sa zalialo destilovanou vodou s dispergacnym ¢inidlom,
rucne sa niekol’kokrat zamieSalo a nechalo sa dispergovat cez noc
(24 hodin). Potom sa vzorka rozdruzila roznymi dezintegracnymi
metodami (mixovanim s vysokootackovym ponornym mixérom,
vibraénym mieSanim s ultrazvukovym dezintegratorom UZD-300
od firmy Belson Levice, varenim a mletim s vibracnym mlynom
VM4 - s frekvenciou 50 Hz). Neskor sa takto pripravena rozptylena
suspenzia preosiala cez 0,125 mm sito a preniesla do valca na sedi-
mentacny test. Vysledky hustomernych Citani sa vlozili do pocitaca
a vyhodnotili softvérom Soilab. Urcenie hodnoty zrnitosti zeminy
pre testované vzorky a ziskané krivky reprezentuju vysledky hus-
tomernej skusky (vid' graf 1 - 4).

Cielom nasej vyskumnej ilohy bolo dokazat, Ze pridanie roz-
tokov roznych dispergacnych cinidiel a rozne metddy separdcie maju
vplyv na rozdruzenie zfn zeminy. Na zaklade predchadzajucich
experimentov s roznymi: antikoagulaénymi ¢inidlami, ich koncen-
traciami, mnozZstvom vzorky a pod., bolo rozhodnuté pouzit nasle-
dujuce antikoagulacné cinidla:

« Standardne pouZivany antikoagulacny roztok, ktorym je 33 g
hexametafosfore¢nanu sodného a 7 g uhli¢itanu sodného v 1 litri
destilovanej vody (dalej - H),

« roztok vodného skla 18 ml v 1 litri destilovanej vody (dalej -
WG).

Antikoagulacny roztok H sa pouziva najma pre vapnité zeminy

a patri medzi aktivne antikoagulacné Cinidla. Antikoagualnt WG
patri medzi ochranné typy [3]. Vzorky boli testované s dvoma
koncentraciami dispergaéného roztoku (15 a 20 ml na liter). Ako
dezintegracné metody boli pouZité:
« mixovanie (30 s, 60 s, 120 s, 5 min, 15 min),
« mletie (60 s),
« varenie (1 h, 2 h),
« ultrazvukové vinenie (120 s, §tyri stupne intenzity 600 - 1200

W.dm~?) kombinované s mixovanim (120 s).

Vyskumna uloha bola orientovana na preukazanie faktu, Ze
rozne metody separacie zfn maju podstatny vplyv na vysledok
celej hustomernej skusky a objasnit ako jednotlivé separacné
metody vplyvaju na jednotlivé mineralne zrna spolu s pésobenim
antikoagulantu. Z tohto doévodu boli pocas skusky odoberané
malé kvapky suspenzie na mikroskopické sklicka (trikrat: po dis-
pergacii cez noc, po separacii a po preosiati), aby sa demonstro-
val vplyv roznych druhov antikoagulantu a metod rozdruzovania.
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5. Test Description.

The samples from two locations were tested in the laboratory
of Geotechnique department, one from Martin (sample 1) and
another one from Liptovskd Ondrasovd (sample 2). Both samples
were obtained from the deposits (from upper layer-surface), where
the raw material (paleogenic calcareous clay shale and neogenic
calcareous clay) is exploited for bricks production. The most fre-
quent minerals are: quartz, calcite, dolomite, pyrite, limonite, illite,
kaolinite, montmorillonite. Sample 1 contains also calcareous tests
of fossils and coal slack. The following procedures were performed.

An appropriate size of natural moist test specimen (about 40 g)
was over-flooded with a dispersing agent solution, stirred manually
several times and allowed to disperse overnight (24 hours). Then
it was separated by various separation methods (mixing with high-
speed stirrer-mixer; vibro-stirring with ultrasonic waving with dis-
integrator UZD-300 - by Belson Levice, boiling and milling with
vibrating mill VM4 - frequency 50 Hz). Later the prepared dis-
persed suspension was sieved through the 0.125 mm sieve and
transferred to a cylinder for a sedimentation test. The results of
hydrometer readings were put into the computer and evaluated by
Soilab software. The determination of the soil particle size distrib-
ution for tested samples and obtained curves represent the results
of the hydrometer test (see Figures 1-4).

The aim of our research activity was to prove that the adding
of various dispersing agent solution and various methods of separa-
tion influence the soil particle separation. On the basis of previous
experiments with a different: dispersing agent, concentration of
dispersing solution, size of specimen, etc., it was decided to use
the following dispersing agents:

« standard used dispersant solution that is, 33g of sodium hexa-
metaphosphate and 7 g of sodium carbonate in distilled water
to make 1 liter (further H),

« water glass solution 18 ml in distilled water to make 1 liter
(further WG).

Dispersant solution H is used especially for calcareous soils
and it belongs to active dispersants. WG is a protective type of dis-
persant [3]. The samples were tested with two strengths of dis-
persant solution (15 and 20 ml per liter). The following separation
methods were used:

« mixing (30 s, 60 s, 120 s, 5 min, 15 min),

« milling (60 s),

« boiling (1 h, 2 h),

« ultrasonic waving (120 s, four rate level 600 - 1200 W.dm %)
combined with mixing (120 s).

The research activity was directed to prove the fact that
various methods of particle separation have substantial influence
on the results of the whole hydrometer test and trace how various
separation methods effect the individual mineral particle together
with a dispersing agent. On this account during the test the small
drop of suspension was transferred onto the object plates (three
times: after disperse overnight, after separation and after sieving)
to demonstrate the influence of various kinds of dispersants and
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Skli¢ka sa pozorovali mikroskopom MEOPTA D v prechadzajucom
svetle pri 160 nasobnom zvacseni (objektovom poli mikroskopu
0,82 mm a rozliSovacej schopnosti 2 um). Vzorky sa testovali aj
na obsah uhlicitanov (hlavne CaCOj;). Vzorka 1 obsahovala 25,476 %
a vzorka 2 obsahovala 29,501 % uhli¢itanovych komponentov.
Z tohto dovodu boli obe vzorky podrobené predpriprave pre pri-
tomnost uhlicitanovej hmoty a vzorka 1 (obsahujiica uhol'ny pigment)
bola testovana a pripravena aj pre pritomnost organickej hmoty.
Kvoli klasifikovaniu typu zeminy podla STN-73 1001 (USCS) sa
vykonali aj skusky na urCenie medze tekutosti a plasticity. Pocas
skusky boli zachované Standardné podmienky a boli sledované
hodnoty teploty a pH.

6. Vysledky

Pre vzorku 1 sa urobilo 17 hustomernych skusok. Vysledky
skuSok su znazornené krivkami zrnitosti zeminy (vid' grafy 1 - 4
a tabulky 2 - 5).

PREHLADY / REVIEWS

methods of separation. The object plates were observed through
a MEOPTA D microscope in crossing light by zooming 160x (object
field of microscope 0.82 mm, distinctive capacity 2 um). The
samples were tested for volume of calcareous compounds (mainly
CaCO;) too. The sample 1 contained 25.476 % and sample 2 con-
tained 29.501 % of calcareous compounds. For that reason both
samples were deferred to pretreatment for calcareous matter and
sample 1 (containing coal slack) was tested and prepared also for
organic matter. The tests for liquid and plastic limits were done to
classify the type of soil by STN-73 1001 (USCS) too. During the
hydrometer test the standard conditions were saved, and the zem-
perature and pH noted.

6. Results

The hydrometer tests in total number of 17 were carried out
for sample 1. The results of the test are presented by curves of the
soil particle size distribution (see Figures 1 - 4 and Tables 2 - 5).
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Fig. 1. The curves of the soil particle size distribution for sample 1
Volume of the particles of clay size for single curves Tab. 2
Sample 1 Dispersing agent - water glass (WG), separation method - mixing
Curve number Dispersing agent concentration Time of separation Volume of the particles of clay size
(ml per liter) (sec, min) (%)
301 15 30 sec 15
302 20 30 sec 16
303 15 60 sec 19
304 20 60 sec 23
309 20 5 min 32
310 20 15 min 30
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Prva skupina kriviek pre vzorku 1 reprezentuje antikoagulaéné
¢inidlo vodné sklo a ako separacna metoda bolo pouZzité mixova-
nie. Je zrejmé, Ze zmena koncentracie antikoagulacného roztoku
z 15 na 20 ml nema podstatny vplyv na obsah ilovitych zin (krivky
301, 302, 303, 304), ale predizenie doby mixovania zvySuje obsah
ilovitych zfn zo 16 % na 32 %. Mikroskopické pozorovanie pre
tato skupinu skusok je znazornené na obrazku 1 a 4. Fotografia 1
znazornuje 60 sekundové mixovanie. Tento mikroskopicky pre-
parat bol pouZzity ako Standard pre ostatné. Fotografia 4 zna-
zornuje 15 mintitové mixovanie. Zrna su uplne oddelené. Medzi
5 minutovym a 15 miniitovym mixovanim nie je podstatny rozdiel,
percentualne zastupenie ilovitych Castic je 32 % a 30 %.
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The first group of curves for sample 1 represents dispersing
agent water glass and the mixing was used as a separation method.
It is obvious that the change of a dispersant concentration from
15 to 20 ml doesn’t essentially affect the volume of clay particles
(the curves 301, 302, 303, 304), but the extension of the mixing
increases the clay particle volume from 16 % to 32 %. The micro-
scope observation for this group of tests is presented on the Photos
1 and 4. Photo 1 represents a 60 seconds mixing. This microscopic
preparation was used as standard for others. Photo 4 represents
a 15 minutes mixing. The particles are completely separated. There
is no substantial difference between 5 minutes and 15 minutes
mixing, the percent volume of the clay particle is 32 and 30 %.
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Fig. 2. The curves of the soil particle size distribution for sample 1.
Volume of the particles of clay size for single curves Tab. 3

Separation method - boiling (BOI), milling (MIL)

Sample 1 Dispersing agent - water glass (WG) and hexametaphosphate (H),

Curve number Dispersing agent concentration Time of separation Volume of the particles of clay size
(ml per liter) (sec, hours) (%)
305 15 WG 2 hours BOI 13
306 20 WG 2 hours BOI 15
307 15 WG 60 sec MIL 17
308 I5H 60 sec MIL 26

Druha skupina kriviek reprezentuje separacné metody varenie
a mletie. Pri vareni koncentracia dispergacného roztoku nie je
dolezita (13 % a 15 % ilovitych zin). Narast obsahu ilovitych ¢astic
z 15 % pri pouZziti WG na 26 % pri pouZziti H je zjavny pri mleti.
Tento fakt moze byt zapriCineny priliSnym rozdrvenim niektorych
mineralov alebo roznym ucinkom dvoch typov antikoagulantov.

The second group of curves represents boiling and milling as
separation methods. Concentration of dispersing agent is not
important with boiling (13 % and 15%). The increase of the clay
particle volume from 17 % by using WG to 26 % by using H is clear
with milling. This fact could be caused by too much crushing of
some minerals particles, or by different actions of two types of dis-
persing agents.

-3
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Fig. 3. The curves of the soil particle size distribution for sample 1.
Volume of the particles of clay size for single curves Tab. 4

Pretreatment with H,0, and HCI

Sample 1 Dispersing agent - water glass (WG) and hexametaphosphate (H),
Separation method - mixing (MIX), ultrasonic waving (intensity - 12,13,I4) with mixing (SS/MIX)

Curve number Pretreatment with HCI Dispersing agent concentration Time of separation Volume of the particles of
with H,0, (ml per liter) (sec, min) clay size (%)
304 - 20 WG 60 sec MIX 24
311 H,0, 20 WG 60 sec MIX 23
312 HCI 20 WG 60 sec MIX 7
313 - 20H 2 min 12 SS/ 2 min MIX 32
314 - 20H 2 min I3 SS/2 min MIX 30
315 - 20H 2 min 14 SS/2 min MIX 37

Pri krivke 312 je vidite[ny znacny ubytok castic pod 0,002 mm
z23 % na7 %. Je to vysledok rozpustenia uhli¢itanovych mineralov,
napr. kalcitu, dolomitu atd. Krivka 311 znazornuje test s predpri-
pravou s H,0,. Tento sposob predpripravy prili§ neovplyvnil vysle-
dok skusky. Skuska bez predpripravy, ktoru znazornuje krivka 304
bola vykonana kvoli porovnaniu vplyvu chemickej predpripravy.
Krivky Cislo 313, 314, a 315 reprezentuju pouzitie separacnej metody
ultrazvukového vinenia a mixovania. Vplyv intenzity vinenia nebol
preukazany. V tomto pripade sa obsah ilovitych Castic pohybuje
od 30 % do 37 %. Ultrazvukovy pristroj bol zrejme nepresny, alebo
tato kombinovana metdda rozdruzovania nie je vhodna.

Vsetky testy (pre vzorku 1) klasifikuji typ zeminy (podla STN
73 1001) ako il s vysokou plasticitou F8 CH a krivky nadobudaju pri-
blizne podobny tvar, ale percentualny obsah ilovitej frakcie kolise od
7 % do 37 %. Krivka 312 vyzera dost odliSne. V tomto pripade bola
vzorka podrobena predpriprave pre pritomnost uhli¢itanov. Obsah
ilovitych castic je tu len 7 %. Mikroskopicka kontrola ukazuje

The massive loss of the particles of size under 0.002 mm from
23 to 7 % is visible at curve 312. That is the result of the resolution
of the calcareous minerals e.g. calcite, dolomite etc. The curve 311
illustrates the test with pretreatment with H,0,. This type of the
pretreatment did not affect the test so much. The test without pre-
treatment represented by curve 304 was performed to compare
the effect of chemical pretreatment. The curves number 313, 314,
315 present the usage of ultrasonic waving with mixing as a sepa-
ration method. The influence of the waving intensity was not doc-
umented. The percent volume of clay particles varies from 30 to
37 %. The ultrasonic instrument seems to be uncertain, or this
combination method of separation is not suitable.

All the tests (for sample 1) classify (by STN 73 1001) the soil
type as clay with high plasticity F§ CH and the curves take com-
paratively similar form, but the per-cent volume of the clay particle
size fluctuate from 7 to 37 %. Test 312 seems to be quite different.
In this case the sample was deferred to pretreatment for calcare-
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zmeny vo farebnosti a mnozstve pozorovanych zin (pozri fotogra-
Napriek tomu, Ze chemicka predpriprava vazne ovplyviuje test,
v mnohych pripadoch (priepustnost, filtratna stabilita zemin
a pod.) je potrebna a mali by sa vykonat dva paralelné testy, s pred-
pripravou a bez nej. Podobné vysledky vykazuju testy 301, 302,
305, 306, 307 (okolo 15 % ilovitej frakcie) pri pouziti WG ako
antikoagulantu a 30 sekundového mixovania, dvoch hodin varenia
a 60 sekundového mletia. Mikroskopické pozorovanie neukazuje
zavazné zmeny (pozri fotografie 5, 6). Rozdiel je viditelny medzi
vzorkou pred a po preosiati (zrna su po preosiati lepSie oddelené).
Druhu skupinu podobnych kriviek (20-26 % ilovitej frakcie) repre-
zentuju testy 303, 304, 308 a 311 pri pouziti WG a 60 sekundo-
vého mixovania; H a 60 sekundového mletia; WG a predpripravy
s H,0, a 60 sekundového mixovania. Mikroskopické pozorovanie
dava podobné vysledky ako v predchadzajucich pripadoch. Pred-
priprava z dovodu pritomnosti organickej hmoty velmi neovplyv-
nuje vysledok testu (pozri graf 3). Av§ak rozdrvené zrna uhol'ného
pigmentu sa od ostatnych zfn dost liSia (napr. niZSou hustotou
a pevnostou). Poslednu skupinu reprezentuju krivky 309, 310, 313,
314, 315, 316, 317 (28-37 % ilovitej frakcie). V tychto pripadoch
bolo pouzité¢ mixovanie trvajice 5 a 15 minut a kombinacia ultra-
zvuku a 120 sekundového mixovania. Mikroskopické pozorovanie
vykazuje slaby pokles obsahu vééSich Castic a lepSie oddelenie
vSetkych zfn (pozri fotografiu 4).
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ous matter. The volume of the clay particles is only 7 % there.
Microscope checking shows changes in color and amount of
observed particles (see Photo 3). Minerals, which are soluble in
HCI were, of course, lost. No matter how serious effect the chem-
ical pretreatment has, in many cases (permeability, filtration sta-
bility of the soils etc.) is necessary, and parallel tests should be
carried out without and with pretreatment. The tests 301, 302, 305,
306, 307 (about 15 % clay particles) give similar results by using
WG as dispersing agent and mixing 30 s, boiling 2 h and milling
60 s. Microscope observation does not show significant changes
(see Photos 5, 6). The divergence is visible between the sample
before and after sieving (the particles are better discrete after
sieving). A second group of similar curves (20-26 % clay particles)
represents the tests 303, 304, 308 and 311 by using WG and 60 s
mixing; H and 60 s milling; WG and H,O, pretreatment and
60s mixing. The microscope observation gives results similar to
the previous case. The pretreatment for organic matter does not
seem to have big effect on the test results (see Figure 3). But the
coal slack particles are quite distinct from other mineral elements
(e.g. lower density and resistance). The last group is represented
by curves 309, 310, 313, 314, 315, 316, 317 (28-37 % clay particles).
The mixing continued 5 and 15 minutes, and combination of ultra-
sonic vibro-stirring and 120s mixing was used in these cases. Micro-
scope observation shows the slight fall of larger size particles and
a better separation of all the particles (see Photo 4).

Photo 1. The standard microscopic preparation
- WG, 60 seconds mixing.

Photo 2. The microscopic preparation - WG,
H,0, pretreatment, 60 seconds mixing.

Photo 3. The microscopic preparation - WG,
HCI pretreatment, 60 seconds mixing

Photo 4. The microscopic preparation
- WG, 15 minutes mixing.

Photo 5. The microscopic preparation
- WG, 2 hours boiling.

Photo 6. The microscopic preparation
- WG, 60 seconds milling.
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Pre vzorku 2 bolo urobenych 22 testov. Vysledky st porovna-

tel'né s vysledkami pre vzorku 1.

PREHLADY / REVIEWS

For sample 2 the hydrometer tests in total number of 22 were

done. The results are comparable to results of samplel.
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Fig. 4. The curves of the soil particle size distribution for sample 2

Volume of the particles of clay size for single curves

Tab. 5

Sample 2 Dispersing agent - water glass (WG), hexametaphosphate (H); Separation method - mixing, boiling

Curve number Dispersing agent concentration Time of separation Volume of the particles of clay size

(ml per liter) (sec, min) (%)

102 20H 30 sec MIX 2

108 20 WG 30 sec MIX 9

104 20 H 60 sec MIX 15

110 20 WG 60 sec MIX 14

106 20H 1 hour BOI 0

112 20 WG 2 hours BOI 12

Tak, ako pri vzorke 1, podobné vysledky boli dokdzané i pre
vzorku 2 pri krivkach 104 a 110, naopak krivky 102 a 108 st rozne
(2 % a9 % ilovitej frakcie). To dokumentuje, Ze mixovanie trvajiice
30 sekund je ako separacna metoda nepostacujuce. Krivka 106
demonstruje, Ze hodinové varenie suspenzie je prili§ kratke na
separaciu, krivka je uplne zla.

Ostatné krivky pre vzorku 2 boli podobné ako krivky pre
vzorku 1. To je dovod, preco nie su uvedené v tomto Clanku.
Vsetky skusky (pre vzorku 2) klasifikuji (podla STN-73 1001) typ
zeminy ako il so strednou plasticitou F6 CI. Percentudlny obsah ilo-
vitej frakcie sa pohybuje od 0 do 36 %.

7. Zhrnutie

V zhrnuti mézu byt nacrtnuté tieto zavery:

Similar results were proved for sample 2 in the case of curves
104 and 110 as well as in the case of results for sample 1. By con-
trast the curves 102 and 108 are different (2 and 9 % clay particles).
It manifests that the mixing as separation method in duration of
30 seconds is insufficient. The curve number 106 demonstrates
that an hours boiling of the suspension is too short for separation,
the curve is quite bad.

Other curves for sample 2 were similar to the curves for
sample 1. That is why they are not presented in this article. All the
tests (for sample 2) classify (by STN-73 1001) the soil type as clay
with middle plasticity F6 CI. The percent volume of the clay parti-
cle size fluctuates from 0 to 36 %.

7. Conclusions

To sum up, the following conclusions can be drawn:
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o rozne metody rozdruZovania zin maji podstatny vplyv na vysledky
hustomernej skusky, hlavne na mnozZstvo ilovitych castic.

o wplyv chemickej predpripravy v pripade uhli¢itanovej hmoty bol
preukazany, ale v opodstatnenych pripadoch by mala byt tato
predpriprava napriek tomu vykonana, napr.: pri ur€ovani vhod-
nosti zeminy pre zeminovy filter pre skladky, naopak agregatovu
Struktiru je vhodné zachovat v pripade stanovovania Smykovej
pevnosti zemin. Predpriprava v pripade organickej hmoty nemd
velky vplyv (oxidacia trvala asi 1,5 dna) na vysledok testu.

o mikroskopické pozorovanie neukazuje masivny iibytok vacsich zin
alebo viditel'ny narast obsahu malych Castic pri pouZziti alterna-
tivnych metod separacie, dokonca ani v pripade 15 miniitového
mixovania (tato doba je navrhovana K. H. Headom v Manual of
soil laboratory testing [2]) Castice uholnej drviny s nizkou pev-
nostou nie su prili§ porusené, tento efekt bol viditelny len po
mleti.

» ako problematickd cast stanovenia sa javi mikroskopické pozoro-
vanie; pri rozliSovacej schopnosti 2 um je idealne pozorovanie
nemozné. Z tohto dévodu boli pozorované a pocitané zrna vo
velkosti 5,5 um a 2,525 um.

o kvoli statistickému vyhodnoteniu je potrebné vykonat vdicsi pocet
testov.

Z vysledkov testov vyplyva, Ze spravna priprava vzorky zeminy
pre hustomernu skusku je velmi délezita. Vhodny typ antikoagu-
lantu a jeho davkovanie je mozné vybrat na zaklade predoslych
skusenosti. Pouzitie réznych metod rozdruzZovania sa zda byt kom-
plikovanejsie. Skusky ukazuju, ze mixovanie po dobu 60 sekind az
5 minut je najvhodnejSia separacna metoda pre tento typ zeminy.
Optimalny ¢as mixovania su dve minuty. Vyhodou tejto metody je
aj jej jednoduchost. Dezintegracia pomocou varenia a mletia sa
zda byt nevhodna. Dve hodiny varenia su prili§ dlhé a neefektivne
a mletie moze poskodit zrna s nizSou pevnostou (pozri fotografiu
6). Vysledky pri pouziti kombinacie mixovania a posobenia ultra-
zvuku nie su jednoznacné. Mohli byt spdsobené chybou pri-
stroja. Samozrejme, pri uréovani zrnitosti zeminy je mozné pouzif
i moderné pristroje. Laserovy analyzator vel'kosti zfn alebo foto-
sedimentacny pristroj su tiez pouzitelné. Vyhodou tychto metod
je ich jednoduchost a doba realizacie a nevyhodou je hlavne malé
mnozstvo vzorky (vzorka nie je reprezentativna) [4]. Preto je
v sucasnosti pouzitie hustomernej skusky v naSej laboratérnej
praxi najrozSirenejSie. Na zaklade predchadzajucich zaverov a bertic
na vedomie vyskumné aktivity znamych autorov sa zda, ze zjedno-
tenie laboratornych skiisok a vypracovanie normy pre urcovanie zrni-
tosti zeminy bude v buducnosti nevyhnutné.

8. Literatura - References
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« Various methods of particle separation have substantial influence
on the results of a hydrometer test, mainly on the mass of clay
particles.

o The effect of pretreatment for calcareous matter in case of calca-
reous soil was proved, but this type of pretreatment should be
done in relevant matter e.g: applicability of the soil filter for the
dumps, by contrast the conservation of soil aggregate structure
is desirable in the case of assessment of shear strength of soil.
Pretreatment for organic matter did not show big influence (the
oxidation came off about 1.5 day) on the test results.

» Microscopic observation did not show massive reduction of larger
particles or visible increase of the small particles volume by using
alternative methods of separation, even in the case of 15 min
mixing (this time is suggested by K.H. Head in Manual of soil
laboratory testing [2]) the particles of coal slack with lower resis-
tance were not broken too much, this effect was visible only
after milling.

» Problematic part of the assessment seems to be microscopic obser-
vation; by distinctive capacity 2 um the ideal observation is impo-
ssible. For that reason the particles of size 5.5 wm and 2.525 um
were observed and counted.

o A larger number of the tests is necessary for statistic evaluation.

The results of the tests show the fact that the correct prepa-
ration of the soil specimen for a hydrometer test is very important.
A suitable type of dispersing agent and its dosing can be chosen
for various types of soils on the basis of previous experiences. The
use of different separation methods seems to be more complicated.
The tests showed that 60 seconds - 5 minutes mixing is the most
suitable method for this type of soil. The optimal time of mixing
is 2 minutes. The advantage of this method is its simplicity. Dis-
integration through boiling and milling does not seem to be con-
venient. Two hours boiling is too long and not effective and milling
can damage the particles of low resistance (see Photo 6). The results
of the combining mixing and ultrasonic waving are not clear. They
could be incurred by on apparatus disorder. Of course, the test for
assessment of the soil particle distribution can be carried out with
the help of more modern instrumentation. The laser analyzer of
the particles sizes, or photo settling apparatus could be used too.
The advantages of these methods are simplicity and rate of real-
ization and main disadvantage is the very small amount of speci-
men (the specimen is not representative) [4]. Therefore the use of
hydrometer test is a dominant method in our laboratory praxis at
present. On the basis of foregoing conclusions and mind the
research activities of the known authors the unification of soil labo-
ratory testing and elaborating of standard for assessment of the par-
ticle soil distribution seems to be inevitable in future.

[1] Research team: Metodiky laboratornich zkousek v mechanice zemin a hornin. Cesky geologicky Gfad, Praha 1987, 17-47.

[2] HEAD, K. H.: Manual of soil laboratory testing. Pentech Press Limited, London 1992, 201-233.

[3]1 KLUKANOVA, A.: Faktory ovplyviiujiice kvalitu laboratérnych skiisok. Rigorézna praca. PRIF UK, Bratislava 1980.

[4] KISOVA, M., ADAMCOVA, R.: Obsah ilovitej frakcie - problematicky bod posiidenia vhodnosti zeminy do minerdlnych tesneni sklddok
odpadu. Zbornik referatov z 2. konferencie Geologia a Zivotné prostredie, Bratislava 2001, 98-101.
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EKOTECHNOLOGIE PRI OPRAVACH KONSTRUKCIE

PODVALOVEHO PODLOZIA

ECOTECHNOLOGIES FOR THE RECONSTRUCTIONS

OF RAILWAY SUBGRADE CONSTRUCTION

V siicasnosti sa v spojeni s modernizdciou Zeleznicnej siete na
nasom tizemi dostdva do popredia otdzka trvalej stability geometrickej
polohy kolaje. Tito je podmienend dodrzanim predpisanej uinosnosti
celej konstrukcie podvalového podloZia. Preto sa zriadujii konstrukcné
vrstvy, ktoré sa podielajii na celkovom zvyseni jeho kvality.

Stavebnd a prevddzkovd cinnost Zeleznicnej dopravy musi byt

riadend s ohladom na pravidlda ochrany Zivotného prostredia. Ich
respektovanie je dosiahnutelné vyuzivanim recyklovanych materidlov
ale aj technologii, ktoré co najviac stistredujii pracovné ¢innosti priamo
do osi kolaje.

1. Uvod

Kvalita klasickej konStrukcie jazdnej drahy s kolajou ulozenou
v kolajovom 16Zku, najma stabilita geometrickej polohy kolaje, je
zavisla predovsetkym od spravania sa materialov Zelezni¢ného telesa
prevadzkovanej trate v nepriaznivych klimatickych podmienkach.
Na zaklade posobenia tychto vonkajsich faktorov nastava zhorso-
vanie vlastnosti (najma zniZovanie unosnosti) materialov konstruk-
¢nych vrstiev podvalového podlozia. V sucasnej dobe je aktualnou
otazka zvySovania uinosnosti zemnej plane pri vyuZiti materialov
ziskanych pri samotnych sanacnych pracach.

2. Stav konstrukcie podvalového podlozia
pred opravnymi pracami

Z hladiska spravania sa materialov v Zeleznicnom telese je
nutné vykonat opravné prace konstrukcie podvalového podlozia
z tychto dovodov:

- material pod kolajovym l6Zkom je tvoreny nepriepustnymi nami-
zavymi zeminami
« nastava premena zeminy (vplyvom posobenia zraZok a strie-
dania zapornych a kladnych teplot);
« nasleduje deformacia zemnej plane;
« a zatlaCovanie zfn kolajového 16Zka do zeminy;

* Ing. Janka Sestakova, Assoc. Prof. Milan Miksik, Ph.D.,

Nowadays the question of the constant stability of the geometry
position of the track in connection with modernization of the railway
network in our territory is relevant. That is conditioned by the com-
pliance of the rated carrying capacity of the whole subgrade con-
struction. Therefore construction layers are built, which take part in
the total increase of its quality.

The building and operating work of the railway transport has to
be managed with regard to the protection of the environmental rules.
Observing the rules is available by the implementation of recycled
materials. It’s possible to accomplish it by using the technologies,
which focus on working activities directly to the center track line.

1. Introduction

The quality of the standard construction of railway with track
bedded in the ballast (especially geometric position of track sta-
bility) depends, first of all, on behavior of railway track formation
materials on operation line in unfavorable climatic conditions.
Negative impact of external factors results in deterioration of prop-
erties (mainly decrease of carrying) of subgrade construction
materials layers. To raise the carrying capacity of formation at use
of acquired materials by reconstruction works is a topical issue
nowadays.

2. Condition of a subgrade construction before
reconstruction works

From the point of view of behavior of railway track formation
materials it is needed to realize the reconstruction works in sub-
grade construction on the basis of the following reasons:

- if material under ballast is composed of watertight congeal soils
« the change of parameters in soil (by precipitation influence
and changing temperatures above or below zero) starts there;

« the formation deformations followed;

« and ballast grains are pushed to soil;

Department of Railway Engineering and Track Management, Faculty of Civil Engineering, University of Zilina, Komenského 52, 010 26 Zilina,
Slovakia, Tel.: ++421-41-7634 818, Fax: ++421-41-7233 502, E-mail: janase@fstav.utc.sk, miksik@fstav.utc.sk
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- materidl podloZia je vyhovujuci, ale §trk kolajového 16Zka ma
nepriazniva zrnitost (velké mnozstvo Castic nizkej frakcie)
« dochadza k premiesaniu drobného strku s Casticami hmot
prepravovanych drahovymi vozidlami a so zraZkovou vodou;
« zmes je vyplavovana na spodnu Cast kolajového 10Zka;
« a vytvori niekol'kocentimetrovi nepriepustnu vrstvu.

Vonkajsim prejavom obidvoch moznosti je znecistenie kolajo-
vého 16zka, pokles unosnosti celej konstrukcie a nasledny rozpad
geometrickej polohy kolaje.

S ohladom na vyber pracovného postupu zvySenia unosnosti
celej konstrukcie Zelezniéného telesa sa stava smerodajnou dlho-
doba kvalita materialu kolajového 16zka. Tento material je v dosta-
tocnom predstihu pred vlastnymi sana¢nymi pracami testovany
nielen z hladiska pouzitelnosti v novom kolajovom 16zku, ale aj
pre pouZzitie v novej konsStrukcnej vrstve, ktord sa vyznamnou
mierou podiela na zlepSeni vlastnosti zrekons§truovaného Zelez-
ni¢ného telesa a tym samotnej jazdnej drahy.

3. Prevadzkova diagnostika

Diagnostika konStrukcie kolajového 16Zka sa ¢leni na:

- prevddzkovii diagnostiku - zakladna zlozka komplexného systému
diagnostiky, hodnoti celkovy stav konstrukcie kolajového 16zka
pod vplyvom prevadzkového zatazenia;

- vstupnii diagnostiku - hodnoti technické a ekologické parametre
materialu kolajového 16zka uz vo forme vyziskového materialu
pri vstupe do komplexného regeneraéného procesu mimo osi
kolaje;

- vystupnii diagnostiku - hodnoti technické a ekologické parametre
vyrobkov ako materialu do konstrukcie kolajového 16zka.

Prevadzkova diagnostika materialu kolajového 16zka zistuje
a hodnoti technicku kvalitu materialu na zaklade vysledkov labo-
ratornych analyz vzoriek hodnotiacich parametrov: zrnitost, tvar
zin, zaoblenost hran, cudzorodé Castice a odplavitelné Castice.

Hodnotenie materialu kolajového 16zka uréuje z hladiska jeho
kvality tri kvalitativne stupne technologického spracovania mate-
ridlu:

- 0. kvalitativny stupen hodnotenia - bez regeneracie;

- I kvalitativny stupen - Ciastocna regeneracia v osi kolaje (strojné
Cistenie);

- II kvalitativny stupen - uplna regeneracia mimo osi kolaje (recyk-
lacia);

- III kvalitativny stuper - iplna regeneracia v osi kolaje (recykla-
cia).

Zaclenenie jednotlivych stupnov diagnostiky konstrukcie kola-
jového l6zka a kvalitativnych stupnov technologického spracovania
materialu kolajového 16Zka do obehového systému hospodarenia
s materialom je na obr. 1.
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- if material under ballast is convenient but ballast’s gravel has
unfavorable granularity (there is a lot of fine elements)
« the mixing of tiny gravel with elements of material transport-
ed by rail vehicles and surface water occurs here;
« the mixture is washed up to the bottom part of ballast;
« and it creates a few centimeters of thin non-permeable layer.

Contamination of ballast, decreases of carrying capacity of
the whole construction and consequent next destruction of geo-
metric position of track is an external attribute of both possibili-
ties.

The long - term quality of ballast material becomes decisive
with respect to the choice a working procedure for raising the
whole railway body construction carrying capacity. This material
is checked well ahead before self-reconstruction works. It’s checked
from the point of view of applicability in new ballast and for usage
in a new construction layer too. This construction layer takes part
in attributes innovation of restored railway track body with major
importance. That takes part a in railway line as well.

3. Operating diagnostic

Diagnostic of ballast construction is divided into:

- operating diagnostic - it is the basic component of a global diag-
nostic system; it evaluates the total condition of ballast con-
struction under the thumb of load in a running order;

- start diagnostic - it evaluates technical and ecological parame-
ters of ballast material in the recycling acquired material form
by start to global regenerative process outside track center line;

- output diagnostic - it evaluates technical and ecological parame-
ters of products like the material used for ballast construction.

Operating diagnostic of ballast material finds and evaluates
technical quality of material on the basis of results from a labora-
tory analysis. The following evaluation parameters are detected:
granularity, form of grain, chamfers of grain edge, strangeness ele-
ments and washed away elements.

Evaluation of ballast material determines three qualitative
levels from technological processing quality materials point of
view:

- the qualitative level (. - without regeneration;

- the qualitative level I. - partial regeneration in track center line
(machine cleaning);

- the qualitative level II. - complete regeneration outside track
center line (recycling);

- the qualitative level IIl. - complete regeneration in track center
line (recycling).

Incorporation of several degrees of ballast construction of the
diagnostic and qualitative degrees of ballast material technology
processing to system of cycle of material economy is in the Fig. 1.
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4.2 Uplna regeneracia materialu kolajového lozka
mimo osi kolaje

Pri uplnej regeneracii materialu kolajového 16zka mimo osi
kolaje (recyklacii) je material spracovavany dostupnymi technolo-
giami s vyslednym efektom prinavratenia, resp. priblizenia a v niekto-
rych pripadoch dokonca vylepSenia povodnych vlastnosti mate-
rialu. Hodnotenie v ramci vstupnej diagnostiky kvality materialu
rozhoduje, ¢i prislusny technologicky postup recyklacie obsahuje
len mechanické, alebo aj chemické technologické operacie.

4.3 Uplna regeneracia materialu kolajového 1ozka
v osi kolaje

Material kolajového 16zka je pri uplnej regeneracii v osi kolaje
komplexne spracovavany priamo v ramci zostavy mechanizmov
nasadenych na sanaciu konstrukénych vrstiev podvalového podlozia.

Ziskany recyklovany material je podla vyslednej frakcie pouZzi-
telny ako pridavny materidl do novozriadovanej konStrukénej
vrstvy. Niektoré technoldgie plnej regeneracie v osi kolaje vyuzi-
vaju regenerovany material pre znovuzriadenie kolajového l6zka.

Obr. 1. Zaclenenie kvalitativnych stupriov technologického spracovania
materidlu kolajového l6zka do obehového systému hospoddrenia
Fig. 1. The incorporation of the qualitative degrees of ballast material
technology processing to the system of cycle of material economy

tion of machine clean-
ing process in laboratory
conditions and the valu-
ation of this operation
are needed.

4.2 Complete regeneration of ballast material outside
track center line

There is a material processed by available technologies. The
resulting effect of these technologies is original attributes of mate-
rial return or upgrading. Valuation quality of material intro-system
start diagnostic decides relevant technological procedure of recy-
cling includes mechanical technological operations only or chem-
ical technologies too.

4.3 Complete regeneration of ballast material
in track center line

Ballast material is globally processed in complete regenera-
tion in a track center line directly in a; configuration of machines,
which work by reconstruction of subgrade construction layers.

The acquired recycling material is used as an inserted mater-
ial to a newly built construction layer (formation protective layer)
according to the final fraction. Some technologies of a complete
regeneration in track center line use regenerated material for
ballast rebuild.
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Pri vel'mi vyrazne znecistenom kolajovom 16zku je vhodné
pred uplnou regeneraciou v osi kolaje vyuzit moznosti regeneracie
Ciastocnej. Material kolajového l6Zka je tymto spésobom upra-
veny pre efektivnejsie vyuZitie v systéme uplnej regeneracie.

5. Ekotechnologie

5.1 Hlavné poziadavky na moderné pracovné postupy
oprav Zelezni¢cného spodku

V sucasnej dobe sa popri potrebe ekonomickej a casovej efek-
tivity sanac¢nych prac dostava do popredia aj ich ¢o najmensi
vplyv na Zivotné prostredie. V Zelezni¢nej doprave je vzhladom na
sposoby vystavby, prevadzkovania a oprav rieSenie tejto proble-
matiky esSte naliehavejSie. Preto je vhodné vykonavat sanacie
takymi pracovnymi postupmi, ktoré reSpektuju poziadavku na
- ¢o najkratSie vyluCenie sanovanej kolaje z prevadzky;

- minimalizaciu vplyvov ¢innosti stivisiacich s opravnymi pracami
na prevadzku v ostatnych kolajach;

- ¢o najmenej naroénu manipulaciu s jednotlivymi konstrukénymi
prvkami a materialmi telesa Zeleznicnej trate;

- kvalitny vysledny ,,produkt” s naslednymi racionalnymi prevadz-
kovymi a udrziavacimi nakladmi.

Takéto naroky najviac spinaju ucelené pracovné linky, ktoré
su schopné komplexne vykonat vSetky operacie suvisiace s opravou
konstrukcie podvalového podlozia bez nutnosti znesenia kolajového
rostu. Tieto Specializované strojné zostavy pracuju s vysokou ¢aso-
vou uc¢innostou. Pri projektovej priprave vlastnych sana¢nych prac
je preto vhodné zvazit vyhodnost ich nasadenia oproti nasadeniu
konvencnych technoldgii (so znesenim kolajového rostu).

5.2 Ekotechnologie tiplnej regeneracie materialu
kolajového lozka v osi kolaje

Z hladiska suvislosti prac pri sanacii podvalového podloZia
sa javi prelomovou technologia realizovana pracovnou linkou
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Before complete regeneration in a track center line a partial
regeneration is applicable in case of very expressively contamina-
tion ballast. Ballast material is reconditioned for more effective
utilization into the system of complete regeneration this way.

5. Ecotechnologies

5.1 Main requirements for modern work procedures of
a subgrade reconstruction

Nowadays the smallest influences on the environment are
important apart from economic and time effects of reconstruc-
tion. In the railway transport it is even more urgent (considering
process of building-up, operation and reconstruction) to solve this
problem. Therefore it is appropriate to carry out reconstruction by
work operations, which respect request for
- the shortest closing time of line under reconstruction;

- minimalization of influences from operation connected with
reconstruction works for operation in other trail railway activity;

- the least difficult manipulation with railway track’s body ele-
ments and materials;

- qualitative final product with subsequent rational operating and
maintenance costing.

Those requirements are realized by integrated operating for-
mations, which are able to entirely make all operation related with
subgrade’s construction reconstruction without necessity of track
removal. These special machine formations work with high time
effects. Advantages of this formation employment compared with
conventional technologies (with track removal) need to be con-
sidered at project preparation of reconstruction’s work.

5.2 Ecotechnologies for complete regeneration
of ballast material in track center line

In term of reconstruction subgrade compactness technology
realized by configuration AHM 800 R (fig. 2) appears to be upheaval.

Fig. 2. Technology configuration AHM 800 R
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AHM 800 R (obr. 2). Tato kompaktna pracovna linka je schopna
vykonat sanaciu bez znesenia kolajového rostu. Stucastou zostavy
AHM 800 R je priamo recyklac¢na linka pre material starého kola-
jového 10zZka, ktory je po regeneracii pouZity (po zmiesani s novym
materialom) do novej konstrukénej vrstvy podvalového podlozia
v ma-teriali s poZadovanou krivkou zrnitosti (tzv. mineralbeton).

Integrovana recyklacia materialu kolajového 16zka a jeho racio-
nalny pohyb vo vnutri pracovne;j linky zarucuje:
- zniZenie nakladov na dopravu a spotrebu materialu;
- ekonomické vyuzitie vytazeného materialu;
- bezprostrednu separaciu znecisteného a znecistujuceho materialu
od materialov novej konstrukcie Zelezni¢ného telesa;
- minimalnu dobu, pocas ktorej je zemna plan odkryta;
- minimalne ovplyviovanie Zelezni¢nej prevadzky na druhej kolaji.

Casova naroénost technologie komplexnej rekonstrukcie Zelez-
ni¢nej trate s vyuzitim klasickych postupov (Uplna regeneracia
materialu kolajového 16zka mimo osi kolaje) a technologie AHM
800 R (uplna regeneracia materialu kolajového 16zka v osi kolaje)
je zobrazena na obr. 4 a 5.

Vzorovy rekonstruovany tsek dizky 500 m sa nachadza na
dvojkolajnej trati. Podvalové podloZie sa navrhuje s geotextiliou
a podkladnou S$trkopieskovou vrstvou hrubky 0,60 m (klasicka
technologia), resp. 0,55 m (technologia AHM 800 R).

Z grafov vyplyva, ze postup rekonstrukcie priamo v osi kolaje,
ktorého sucasfou je technoldogia AHM 800 R, ma asi poloviénu
Casovu narocnost klasickej rekonStrukcie zahfiiajucej znesenie
kolajového rostu a uplné odstranenie kolajového 16zka a sanova-
nych vrstiev podvalového podlozia.

Princip pracovnej ¢innosti zostavy RPM 2002 (obr. 3) nadva-
zuje na technologicky rad, do ktorého patri AHM 800 R.
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This compact formation of machines is able to realize the recon-
struction without track removal. Component part of formation
AHM 800 R is directly recycling formation for old ballast mater-
ial used for new formation protective layer after regeneration
(after its mixture with new material) in material with requisite line
of granularity (so-called mineralbeton).

Integrated recycling of ballast material and its rational move-
ment into formation assure:
- reduction of cost for material transport and consumption;
- economical utilization of acquired recycling material;
- immediate separation of contaminated material from new sub-
grade construction material;
- minimal period subgrade is open during it;
- minimal influence on the second track railway activity.

Time consumption of the complex reconstruction of railroad
technology using standard methods (complete regeneration of
ballast material (BM) outside the track center line) and technol-
ogy AHM 800 R (complete regeneration of ballast material in the
track center line) is displayed in Figs. 4 and 5.

The model reconstructed part of railway with the length of
500 m is laid in the double track. Subgrade is designed with geo-
textile and new formation protective layer (FPL) with the thickness
0,60 m (standard method) or 0,55 m (technology AHM 800 R).

The reconstruction directly in the track center line - by the
technology AHM 800 R - has the half time consumption from the
standard method, which includes the track removal and complete
removing of ballast material and material of subgrade reconstruc-
tion layers, results from graphs.

Work operation principle of formation RPM 2002 (Fig. 3)
fasten on technology sequel, including AHM 800 R.

Obr. 3. Technologickd zostava RPM 2002
Fig. 3. Technology configuration RPM 2002

Tak isto vyuziva vyhody sanacie bez znesenia kolajového rostu
a regeneracie materialu kolajového 16zZka priamo v pracovnej linke.
Posun k lepSiemu sa prejavuje vo vyuZiti recyklatu. Regenerovany
material kolajového 16zka je rovnako ako pri AHM 800 R prida-
vany do novozriadovanej podkladnej vrstvy podvalového podlo-

It uses advantages of regeneration without track removal and
ballast material regeneration directly in machine formation as
well. Advancement is shown in recycling acquire material utiliza-
tion. Regenerated ballast material is as well as in AHM 800 R
added to new formation protection layer, but part of its is returned
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Zia, ale Cast sa tiez vrati spat do kolajového 16zka. Takto sanované
useky zelezniCnej trate st prevadzkyschopné uz po prislusnej sme-
rovej a vyskovej uprave kolajového rostu.

6. Zaver

Zvysené naroky v spojeni s plynulym nasadenim technologii
vyuZivajucich regeneraciu materialu priamo v osi kolaje su kladené
na pripravné prace pred zaciatkom sanacie. V useku, na ktorom sa
uvazuje s ich nasadenim, je potrebné:

- vykonat adekvatny geotechnicky prieskum, ktorého vystupom je
« uceleny prehlad o materialoch pod kolajovym 16zkom;
« detailny navrh parametrov konstrukénych vrstiev podvalo-
vého podloZzia;
- posudit priechodnost s ohladom na priechodny prierez zostavy
v prepravnej i pracovnej polohe;
- zaznamenat polohu miest obmedzujucich moznosti ¢innosti celej
pracovnej linky, a to
« umelych stavieb (mosty, priepusty);
« uroviovych kriZovani;
« zakladov stoZiarov a navestidiel zasahujucich do pracovného
zaberu;
- kvalitativne zhodnotit a kvantitativne odhadnuf material kola-
jového 167ka pre
« vyrobu novej podkladnej vrstvy (mineralbeton) - AHM 800R,
RPM 2002;
« jeho spatné vratenie do nového kolajového 16zka - RPM
2002.

Aj na zaklade zistenia tychto vstupnych podmienok a ich
vplyvu na celkovu ¢asovu, ekonomicku, materialovu a ekologicku
efektivitu je mozné rozhodnut sa pre pouZitie technoldgie opravy
podvalového podloZia bez znesenia kolajového rostu (AHM 800R,
RPM 2002) alebo technoldgie klasicke;.

7. Literatara - References
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to ballast. Such reconstruction distances of railway are able to
operate after track is adjusted in its longitudinal alignment.

6. Conclusion

Increased demands in connection with continuous technology
employment using material regeneration directly in track center
line, are bestowed on preparation works before the reconstruction
starts. In a distance where these technologies are under consider-
ation is needed:

- to carry out an adequate geotechnical prospecting the result of
which is
« integrated view of materials under ballast;
« detailed parameter design of subgrade construction layers;
- to take measure of capacity with reference to structure gauge of
machine formation - in transfer and operating position;
- to register a position of places, which restrict operation possi-
bilities of the whole machines formation, namely
« subgrade’s buildings (bridges, pass filters);
« overheads;
« concrete foundations of masts and semaphores (if they inter-
fere with a machine’s operation area);
- to evaluate quality and to estimate quantity of ballast material
for
« making a new formation protective layer (mineralbeton) - by
AHM 800R and RPM 2002;
« return this one to the new ballast - by RPM 2002.

Following this detection of the start conditions and their
influence on total time, economical, raw material and ecological
effects it is possible to decide on technology usage of subgrade
reconstruction without track removal (AHM 800 R, RPM 2002)
or for usage of the standard technology.

[1] SESTAKOVA, 1.: Technologické postupy prdc pri modernizdcii a optimalizdcii Zeleznicnych trati a stanic, Plan of thesis, Zilina 1998;
[2] MIKSIK, M.: Kreislaufiirtchaft mit dem Schotterbettmaterial, In: Proceedings ,,Second Scientific Conference JP Faculty of Trans-

port”, Section 3, 4, Pardubice, 2000, p. 237 - 242;
[3] Advertising brochures of Swietelsky firm;
[4] Plasser&Theurer: http://www.eurailpress.com/plasser;/.
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ManaZment v doprave

Vo februdri 2001 vydala Zilinskd univerzita v Ziline vo svojom vydavatelstve EDIS skutocne
obsahovo hodnotnii a po technickej stranke reprezentacne spracovanu publikdciu autorského kolek-
tivu vedeného doc. Ing. Stefanom Hittmdrom, CSc. pod ndzvom , Manazment v doprave

Vyznam manazmentu sa v siicasnosti zvyraziiuje najmd v suvislosti s potrebou posobenia pod-
nikatelskych subjektov v ndrocnom konkurencnom prostredi. Aj v doprave md manazment svoje
vWznamné miesto a rozhodnou mierou vplyva na podnikatelské aktivity na prepravnom trhu. Uroveri
poznania a schopnosti vyuZivania teoretickych poznatkov a praktickych skiisenosti i zrucnosti
manazérov su doleZité pri rieseni konkrétnych previdzkovych, ale tiez aj koncepcnych otdzok, iiloh
a problémov dopravnych podnikov poskytujicich prepravné sluzby. Od nich je potom zavisla efek-
tivnost, prosperita a celkovd tispesnost dopravného podnikania daného subjektu.

Poslanim tejto publikdcie je predlozit zdkladny poznatkovy materidl obsahujiici teoretické
vehodiskd, zdasady, postupy a modely manaZmentu, praktické odporiicania a konkrétne techniky
na jeho icelné uplatnenie v podmienkach dopravy. Je v nej vysvetleny obsah a vsetky podstatné
ovplyviwujiice Cinitele suvisiace s pochopenim podstaty, vlastnym mechanizmom, ale i vyuzivanim
zdkladnych riadiacich ndstrojov v manazmente dopravnych podnikov. Poniika rad usporiadanych
ndvodov a novych Struktiirovanych pohladov na objektivnejsie vykondvanie nevyhnutnych zmien
v riadeni prepravnych procesov.

Predmet vydanej publikdcie je v siicasnom obdobi postupne sa transformujiiceho hospoddrstva
Slovenska vysoko aktudlny. Je zamerany na ucelenti problematiku fungovania dopravného podniku
v sticasnom konkurencnom prostredi trhovej ekonomiky s dorazom na riadenie dopravného podni-
kania, na manazment v doprave. Publikdcia zaujima stanovisko k tak vyznamnej problematike,
akou je podnikatelskd cinnost na iiseku vytvdrania a zabezpecovania prepravnych sluzieb doprav-
nych podnikov pésobiacich na prepravnom trhu. Je urcend pre sirokii odbornii verejnost, odbornikov
z vwskumu, zo skél i z praxe, riadiacich pracovnikov na roznych stuprioch riadenia a v neposlednom
rade pre Studentov vysokych, ale aj strednych odbornych skol.

Autori iicelne a logicky sprdavne rozélenili publikdciu na Styri zdkladné casti:
o Prostredie manaZmentu v doprave,

o Ekonomika v doprave,

» Marketing v doprave,

 Ndstroje manazmentu v doprave.

Prostrednictvom uvedenych casti je problematika publikdcie vhodne usporiadand od teoretic-
kych vychodisk cez fundamentdlne podmienky az po praktické ndstroje manazmentu v doprave.

V ramci tychto styroch casti je publikdcia dalej logicky Struktiirovand do deviatich kapitol. Ich
obsah sa sustreduje na zdakladné okruhy tém, ktoré sui rozhodujiice na vysvetlenie a ndsledne aj
pochopenie celej problematiky v ramci vopred urceného rozsahu publikdcie. Kapitoly su koncipo-
vané ako relativne samostatné, ale siicasne ako parcidlne casti celého konceptu popisovanej prob-
lematiky.

Prva kapitola uvddza zdkladné pojmy a definicie, iicelne ich vysvetluje a urcuje vychodiskové
podmienky dopravného podnikania. Jej nosnou castou je popis posobenia dopravy v trhovom hos-
poddrstve. Dalsimi ¢astami sii prognozy rozvoja dopravy a ivodny vstup do problematiky manaZ-
mentu v doprave.

Druhd kapitola definuje prepravny trh ako miesto, resp. orientdciu vSetkych podnikatelskych
aktivit v doprave. Nadvizne uvddza zdkladné atributy dopravného podnikania. Prdve tdto cast je
zdkladom pre ndsledné ekonomické, marketingové a ndstrojove zlozky podnikania dopravnych sub-
Jektov.
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Tretia kapitola sa zaoberd vychodiskami manaZmentu v doprave. Postupne popisuje teoretické
zaklady manaZmentu, jeho najnovsie rozvojové smery a zdaverom konkretizuje manazment v doprave
na zdklade jeho vseobecnych i Specifickych charakteristik.

V stvrtej kapitole je v pomerne podrobnej forme rozpracovand problematika ekonomickych
zdkladov manazmentu v doprave. Popisand je analyza dopytu i analyza ponuky v doprave. Tiito kapi-
tolu treba chdpat ako ekonomickii zdakladriu uplatiiovania dalsich riadiacich postupov a technik.

Piata kapitola predkladd marketingové zdklady dopravného podnikania. Charakterizuje pre-
pravny marketing, marketing v doprave ako v sluZbe a tzv. marketingovy vyskum. Rozpracoviva jed-
notlivé nastroje marketingového mixu (politika produktu v doprave, cenotvorba v doprave, propagdcia
a komunikdcia so zdkaznikom v doprave, distribiicia v doprave).

Siesta kapitola je vstupom do problematiky ndstrojov manazmentu v doprave. Zaoberd sa
zdkladnou vychodiskovou kategoriou kazdého podnikatelského snaZenia, t. j. stratégiou podniku.
V kapitole sii vysvetlené otdzky dlhodobého planovania v podobe prdce s podnikovou stratégiou, ktord
Jje predstavend ako vychodiskova pldanovacia kategoria. Podobne je rozpracovany cely proces zaci-
najuci analytickymi ¢innostami, formuldciou cielov a viastnou tvorbou stratégie, jej postupnou
implementdciou a uzatvdarajiicim hodnotenim a kontrolovanim.

V siedmej kapitole sa autori zaoberajii Struktiirami a systémami riadenia v doprave. Popisujii
zdkladné principy organizovania so systémovym pohladom na sposob vykondvania riadiacich ¢in-
nosti pri dopravnych podnikatelskych aktivitach. Je to problematika osobitne Specifickd. Popisané
Jje aj tzv. operativne riadenie dopravného procesu (obdoba vyrobného procesu z inych odvetvi), ktoré
Jje typickym spésobom organizovania riadiacich cinnosti na najnizsej tirovni riadenia.

V ésmej kapitole s rozpracovdvané otdzky informacnych systémov a informacnych technologii
pri prdci s informdciami v dopravnych podnikatelskych aktivitach. Je clenend do dvoch casti, na
vSeobecné otdzky vyuzivania a prdce s informdciami v manazérskych cinnostiach a marketingovy
informacny systém.

Deviata kapitola v dostatocnom rozsahu a podrobne popisuje otdzky iiloh a postavenia lud-
skych zdrojov v podniku. Zaoberd sa vvznamom ludského cinitela v riadeni a konkrétnejsie prdacou
ludi v doprave orientovanou na zdkaznika. Tato kapitola je velmi dolezZitd, pretoZe prdve v otdzkach
poskytovania kvalitnych prepravnych sluzieb je potreba zvyraziovat spolocenskii, psychologicko-
socidlnu, ale tiez odbornu stranku prdce zvldst vyznamnd.

Obsah publikdcie sa podiela na zvysovani iirovne poznania problematiky manaZmentu
v doprave, na zdklade ¢oho je mozné zdsadne, ale aj v Sirsich siuvislostiach vysvetlovat také jej kate-
gorie, ako si napr. proces, funkcia, tedria, umenie, iisek stidia a rad dalsich. Prindsa komplex teo-
retickych i praktickych odpovedi pre jasnejsie a dokladnejsie pochopenie, osvojenie si a podporenie
typickych manaZérskych problémov a sposobov ich riesenia.

Publikdcia je prispevkom do rozvoja poznatkovej zdakladne manaZmentu v doprave, ale aj manaz-
mentu vSeobecne. Jej vierohodnost a odbornd erudovanost je garantovand prdcou celého autorského
kolektivu, odbornikov, ktori rozpracovali podstatné témy tejto publikdcie. Aj vdaka ich vysvetleniam,
pristupom a rieseniam sa naplnila myslienka, Ze aj doprava potrebuje svoju Specifickui teoretickii
a praktickii zdkladiiu manazZmentu.

prof. Ing. Ladislav Simdk, PhD
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Povrchové viastnosti vozoviek

Zaciatkom roka vysla vo vydavatelstve EDIS monografia Povrchové viastnosti vozoviek kolek-
tivu autorov Jin Celko, Martin Decky, Daniela Durcanskd, Andrea Gavulovd, Milan Valuch a Peter
Miicka. Kniha nadvizuje na ucebnicu Jan Mikolaj a kol.: Systém hospoddrenia s vozovkou z roku
1995, ktord v siicasnosti uz nie je dostupnd a vzhladom na rychly rozvoj sledovanej oblasti ani nepo-
skytuje najnovsie poznatky.

Monografia sa zaoberd oblastou povrchovych viastnosti vozoviek vo vztahu k ich prevddzkovej
sposobilosti a bezpecnosti, uvddza zdkladné teoretické poznatky v oblasti drsnosti, nerovnosti a stavu
povrchu asfaltovych vozoviek. Kolektiv autorov napisal knihu na zdaklade poznatkov z dlhorocnej
vedeckovyskumnej cinnosti, z riesenia iiloh v ramci projektov RVT a v neposlednej miere zo skiise-
nosti ziskanych pri konzultdacidch so zahraniénymi odbornikmi.

Rozsah problematiky neumoznil piné detailné riesenie jednotlivych problémov v ramci jednej
publikdcie. Kniha preto vyberd podstatné otdzky, ich teoretické aspekty a praktické riesenie v ramci
diagnostikovania vozovky pre proces hodnotenia jej prevdadzkovej spésobilosti. V iivode je venovand
pozornost definovaniu zdkladnych pojmov a fyzikalnym principom. Napriek monografickému cha-
rakteru knihy je samostatna kapitola venovand zariadeniam na kontinudlne meranie povrchovych
vlastnosti vozoviek, nakolko stav a rozsah diagnostickej techniky sa na Slovensku dostal na Spic-
kovii iiroven, ale chybaju suvislé informdcie o jej funkcnosti. V zavere sui jednotlivé sledované para-
metre hodnotené vo vzdjomnej suvislosti, v spojitosti s uzivatelskymi ndakladmi a s dérazom na
klasifikovanie prevddzkovej sposobilosti vozoviek. V zdkladnych vztahoch sii hodnotené aj vizby
povrchovych vlastnosti na bezpecnost prevdadzky na komunikdcii a vizba na Systém hospoddrenia
s vozovkami.

Kniha je urcend odbornikom z oblasti cestného stavitelstva, studentom technickych univerzit
a vysokych $kol, vyskumnym pracovnikom, projektantom, investorom a stavebnym podnikatelom.
Kniha obsahuje 233 stran v 10 kapitoldch, text je vhodne doplneny 96 obrazkami a mnoZstvom
tabuliek.

Monografiu je mozné zakiipit' v Predajni $tudijnej literatiiry Zilinskej univerzity v Ziline, Vyso-
koskoldkov 24, 011 84 Zilina.

Dr. Ing. Jozef Komacka

9) + KOMUNIKACIE / COMMUNICATIONS 4/2001



Nazov: Integrované filtre pre telekomunikacné systémy
Autor: Ing. Dasa Ticha
Vedny odbor: 26-27-9 telekomunikacie

Skoliace pracovisko: Zilinska univerzita v Ziline, Elektrotechnicka fakulta
Skolitel: doc. Ing. Jan DUHA, PhD.
Skolitel $pecialista: doc. Ing. Pravoslav Martinek, CSc.

Resume:

Doktorandska dizertacnd prdaca sa zaoberd syntézou analégovych filtrov, korektorov a fizova-
cich ¢lankov, zaloZenych na principe zovseobecneného frekvencne zdvislého delica.

Opisand Struktiira je povodnym riesenim univerzalnych selektiviych obvodov, ktoré umoznujii
priamu realizdciu koeficientov zadanej prenosovej funkcie a je preto vhodnd aj pre implementdcie
nestandardnych filtrov a korektorov.

V prdci je podrobne spracovany optimdlny ndvrh obvodovych Struktiir 2. rdadu (bikvadov), res-
pektujiici redlne viastnosti zosiliiovacov a poziadavky dynamickej optimalizdcie. Specidlna pozornost
Jje venovand ndvrhu s vyuZitim modernych transimpedancnych a pridovych operacnych zosiliiovacov
v napdtovom i pridovom madde.

Okrem v case spojito pracujuicich Struktir si v prdaci podrobne rozoberané diskrétne pracujiice
implementdcie so spinanymi kapacitormi. Navrhnuje sa origindlne riesenie so zjednodusenymi imi-
tanénymi konvertormi, ktoré umoziuje znizit pocet zosiliiovacov pri zachovani pévodnych vlastnosti
obvodu. Navrhnuté zapojenia sii vhodné pre mikroelektronickii implementdciu technologiou CMOS.
Odvodené podmienky optimdlneho ndvrhu sii testované a dokumentované na vzorovych prikladoch.

Navrhnuté rieSenia su pévodnym prispevkom k tecrii aktivnych filtrov RC a umoZnujii pouZitie
opisanych obvodovych Struktir v modernych telekomunikacnych zariadeniach.
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ZILINSKA UNIVERZITA V ZILINE

Elektrotechnicka fakulta

INTEGROVANE FILTRE
PRE TELEKOMUNIKACNE SYSTEMY

kandidatska dizertacna praca

Vedny obor:
26-27-9 Telekomunikacie

Autor: Ing. Dasa Ticha
Skolite: doc. Ing. Jin Diha, PhD.

Skolitel Specialista: ~ doc. Ing. Pravoslav Martinek, CSc.

Zilina 2000

Nazov: Navrh optimalneho riesenia ochrany informacného systému
Autor: Ing. Juraj Vaculik
Vedny odbor: 37-01-9 dopravna a spojova technologia

Skoliace pracovisko: Zilinska univerzita v Ziline, Fakulta prevadzky
a ekonomiky dopravy a spojov
Skolitel: prof. RNDr. Ing. Karol Achimsky, CSc.

Resumé:

Doktorandska dizertacnd prdaca sa zaobera riesenim problematiky ochrany informacnych sys-
témov. V ramci prdce je obsiahnutd analyza sucasného stavu v tejto oblasti, teoreticky rozbor moz-
nosti aplikdcie bezpecnostnych mechanizmov na iiroven informacného systému. Vzhladom na velky
teoreticky aj prakticky rozsah problematiky, stavbu a logiku informacného systému, dostupnost
informdcii z oblasti prienikov, porusenia integrity a uniku informdcii a v neposlednom rade aj skui-
senosti autora v danej oblasti je jadro prace zamerané na oblast zdakladného programového vyba-
venia. Druhii rovinu tvori analyza ludského faktora ako hlavny problém v oblasti bezpecnosti
systémov. Teoreticky prinos dizertacnej prdce je v analyze metodiky a jej podrobnom popise a v roz-
pracovani celej Sirky problematiky ochrany z réznych uhlov pohladu, na ktoré by sa pri konkrétnom
rieSeni nemalo zabudnuit. Jadrom prdce je ndvrh optimdlnych mechanizmov na iirovni programo-
vého vybavenia pre riesenie ochrany na réznych poZadovanych iirovniach, od jednoduchej identifi-
kdcie a autorizdacie uZivatela az po moznost realizdcie monitorovacich systémov v redlnom case. V
prdci st pouZité mnohé - praxou overené algoritmy, ktoré boli realizované v programovom prostredi
Pascalu v sicinnosti s databdzovym systémom Btrieve. Vyvinuté a navrhnuté ochranné mecha-
nizmy st optimdlne za danych podmienok, pretoZe ich cenovd ndrocnost je minimdlna, su zabudo-
yané priamo v zdkladom systéme na iirovni programu, svojim charakterom doplfiajii ostatné
bezpecnostné mechanizmy a dajii sa s nimi dobre kombinovat, si uZivatelsky konfigurovatelné,
relativne jednoduché a predstavujii hlavny prakticky prinos dizertacnej prdce.

PS. Jadro dizertacnej prdce v elektronickej forme je mozné najst na internete na adrese
http://fp446.utc.sk/dizp/bis0.htm spolu s posudkami a pod.
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