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Abstrakt: Uskutocnovanie vystavby je narocny proces vykonavany v podmienkach, ktoré sa
neustdle menia. Kazda stavba je jedinecnd. Vopred vytycené ciele sa nam obvykle dari
dosahovat’ len s urcitou pravdepodobnostou. Deterministické metody pouzivané pri
priprave stavieb nemusia byt vidy najvhodnejsie. Ndhodny charakter stavebnej vyroby
vieme lepsie vyjadrit pomocou stochastickych a simulacnych metod modelovania. Cielom
tohto clanku je analyzovat' vybrané stavebné procesy z hladiska vhodnosti pouzitia teorie
hromadnej obsluhy pri navrhu ich optimalneho priebehu a na prikladoch potvrdit' jej
vyuzitelnost'v stavebnej praxi.

KUl'ucové slova: modelovanie, stavebné procesy, teoria hromadnej obsluhy, simuldcia

Abstract: Realizing buildings is a demanding process practised in constantly changing
conditions. Every building structure is unique in itself. Beforehand planned aims can
usually be reached only in a certain probability. The deterministic methods used in
buildings preparation may not be the most suitable in every case. The haphazard character
of building construction can be better expressed through stochastic and simulation
modelling methods. The aim of this article is to analyze selected building processes in the
aspect of the suitability of using the theory of mass service in suggesting their optimal
process and through examples to confirm its efficiency in the building practice.
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1 UVOD 1 INTRODUCTION

Stavebnt vyrobu ovplyvituju mnohé Building production is influencend
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ndhodné faktory. S niektorymi vieme
pocitat’, napriklad oneskorenie dodéavky
materidlu z dovodu predpokladanej kolizie
na cestach v konkrétnych hodinach pocas
dina, ale niektoré dopredu predvidat’
nevieme, napriklad nahla zmena pocasia.

Dobra priprava je zarukou uspesnej
realizacie stavby. Jej cielom je co
najvernejSie  zachytit priebeh buducej
vystavby v priestore a v Case. Pri priprave
sa pouzivaju rdzne metddy, vacsinou
zalozené na deterministickych principoch.
Za urcitych podmienok su tieto metody
dostacujice na planovanie stavebnych
postupov. AvSak v pripade naro¢nejsej
stavby v zlozitejSich podmienkach mo6zu
byt vplyvom nahodnych zmien
skresl'ujuce.

2  METODY PRIPRAVY STAVIEB

V stavebnej priprave sa uplatiuju
prevazne deterministické metody,
v ktorych sa k realite snazime priblizit
pomocou vhodnych koeficientov. Takto
zostavené modely su relativne
jednoduchSie,  zrozumitelnejSie  aich
vystupy su jednoznacne urcené zndmymi
vstupnymi hodnotami. Na druhej strane
vystupy ziskané na zéaklade
deterministickych postupov sa cCasto liSia
od skutocnej reality umerne tomu, aké
Cast¢ si nahodné vplyvy spdsobujice
odklon od predpokladaného priebehu
vystavby.

Ak  pripustime pri  modelovani
posobenie ndhodnych vplyvov, musime
ocakavat, ze pozadované vystupy budeme
dosahovat’ len s urcitou
pravdepodobnostou. V tom pripade je
vhodnejsie pouzit’ stochastické metody.

Pocas realizacie celého stavebného
diela dochédza zro6znych dovodov casto
k nejakym  zmendm. Pri  planovani
vystavby mdézeme predvidat’ tieto zmeny a
rieSit’ to napriklad pomocou casovych,
materidlovych, finan¢nych a inych rezerv.
Ur¢it ich nie je lahké.

by a good number of haphazard factors.
Some of them can be expected e.g. delay in
material delivery because of the expected
collision on roads in the definite hours
during the day but others cannot be
foreseen beforehand e. g. an abrupt change
of the weather.

A good preparation guarantees a
successful construction realization. Its goal
is to most realistically express the process
of the future construction in space and
time. In preparation different methods are
used which are based on deterministic
principles. Under certain conditions these
methods are satisfactory for planning
construction progressions. Anyway in case
of a more demanding construction in more
complicated conditions these methods can
be distorted by means of haphazard
changes.

2 METHODS OF CONSTRUC-
TIONS PREPARATION

In a construction preparation mostly
deterministic methods are used. In them we
try to approach the real state of things
through suitable coefficients. Models made
up in this way are relatively simpler, more
understandable and their outlets are
distinctly determined by known inlet
values. On the other hand outlets obtained
on the base of deterministic methods often
are different from the true reality in
proportion to the frequency of haphazard
influences that cause deviating from the
expected construction progression.

If in modelling one accepts affecting
haphazard influences then one has to
expect that the required outlets will be
obtained only with certain probability. In
such a case, then, it is more convenient to
use stochastic methods.

In the course of the whole building
work there often some changes occur for a
number of reasons. When planning
construction one can foresee these changes
and can solve it e.g. using time, material,
finance and other resources. It is not easy
to determine them.
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Pomocou pocitacovej simulacie vSak
dokazeme tieto vplyvy zaradit’ do modelu
a zistit’ ich mozny dopad na priebeh reéalne;j
vystavby asledované ciele. Dnes st
k dispozicii pocitatové programy, ktoré
posuvaji oblast’ pripravy vystavby na
kvalitativne vysSiu Groven.

Priprava vystavby by mala pri
zlozitejSich stavbach trvat’ aspon tak dlho
ako samotnd vystavba. V praxi naopak
byva priprava podcenovand, mozno aj
v dosledku nespolahlivosti vystupov.

Tato situdcia sa moze zmenit
v prospech kvalitnejSej pripravy prave za
pomoci simula¢nych programov.
V sucasnosti  programy typu Extend,
Arena, Witness a iné umoziuju simulovat’
priebeh vyrobného procesu s cielom jeho
optimalizacie. Vystavbovy proces je prili$
komplikovany a rizikovy, aby sa jeho
optimalizdcia  dala  uskutocnit  bez
pocitacovej simulacie.

3 MODELOVANIE STAVEBNYCH
PROCESOV

Pri analyze stavebnych procesov
z hl'adiska ich modelovania potrebujeme
ako prvé definovat' ciele. Vzhl'adom na
tieto ciele bude potrebné navrhnat
optimalny variant priebehu kazdého
stavebného procesu alebo optimalny
variant vystavby ako celku.

K stavebnému procesu pristupujeme
ako k syst¢ému. Jeho prvkami su ludia,
materidly, stroje, okolie systému a vizbami
st ich vzajomné vztahy. Prvky a vézby
medzi nimi vytvaraja urCitad Struktaru,
ktora sa prejavuje v spravani systému.
Optimalne navrhnutéd Struktura stavebného
procesu vedie k zabezpeceniu
pozadovanych ciel’'ov.

Do analyzy zaradime niektoré zo
stavebnych procesov, ktoré sa na stavbach
najcastejSie  vyskytujii a uskutocniuji sa
pomocou strojnych zostav. K takym
procesom patria napriklad zemné procesy,

Anyway by means of using computer
simulation one is able to include these
influences in a model and to find out their
possible impact on the course of a real
construction and the followed aims. Today
computer programs are at the disposal.
They lift up the preparation phase on a
higher level of quality.

The building preparation of more
complex construction works should last at
least as long as the construction itself. In
practice, opposite to that, the preparation is
as a rule, underestimated, maybe also as a
result of the unreliability of outputs.

This situation can be changed in
favor of more quality of preparation with
the help of simulation programs. At present
programs of the type of Extend, Arena,
Witness and others are enable to simulate
the course of a production process with the
aim of its optimization. A construction
process is too complex and risky for its
optimization to realize without a computer
simulation.

3  MODELLING
PROCESSES

BUILDING

Analyzing building processes in the
aspect of their modelling as the first thing
one needs to define the targets. In
consideration of these targets it will be
necessary to suggest the optimum variant
of the course of each building process or
the optimum variant of the construction as
a whole.

One approaches to the building
process as to a system. Its elements are
people, materials, machines, the system’s
vicinity and the bonds are their mutual
relations. Elements and interrelations form
a certain structure that expresses itself in
the system’s behaviour. The optimally
suggested structure of the building process
leads to safeguarding the required aims.

Some of the building processes
occurring in the building sites most
frequently and are realized through sets of
machines are included to an analyse.
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ktorymi v roznom rozsahu zacina kazda
nova vystavba. Betondrske, montdzne
procesy  aprocesy  murovania  su
zékladnymi procesmi hrubej stavby. Pri
dokoncovacich procesoch su vzhl'adom na
mechanizaciu uz véc¢sinou naroky len na
vytah. Tieto procesy je vhodnejSie riesit
pomocou metdd simula¢ného
modelovania.

V dalSej casti budeme skimat’ dva
z uvedenych mechanizovanych stavebnych
procesov ako systémy hromadnej obsluhy.
Ciel'om tychto systémov je najst’ optimalnu
vyvazenost medzi kandlmi obsluhy
a zdrojom poziadaviek.

Typické  priklady = nachadzame
pri zemnych  procesoch v zostavach
rypadlo alebo naklada¢ - dopravny
prostriedok, pri betonarskych procesoch
v zostavach Cerpadlo alebo zeriav —
domiesavace. Takéto procesy moZeme
navrhovat pomocou teorie hromadnej
obsluhy.

Hlavnou tlohou bude navrhnut' taki
strojnl  zostavu, ktord dokaze zaistit
pozadovanu  vykonnost.  V strojnych
zostavach je nutné urcit' hlavny c¢lanok,
ktory je nositefom vykonnosti zostavy
a jemu prispdsobit’ ostatné prvky. Obvykle
to byva najvykonnejsi alebo najdrahsi
stroj. Pri vystavbe su to predovSetkym
rypadld, nakladace, cerpadla, zeriavy,
vytahy, vyrobné linky. Potrebujeme
stanovit’ ich typy, druhy a pocet v zostave.
NajjednoduchSie by bolo na vypocet
pouzit’ napriklad deterministické vztahy.

Za urcitych podmienok by bol tento
navrh  spradvny astakto navrhnutou
strojnou zostavou by sme proces aj realne
zvladli. PocCas prace by vSak nemalo
dochddzat  Casto kndhlym zmendm
astrojna zostava by mala pracovat
prevazne plynulo pocas celého obdobia.

Na staveniskach vSak vznikaju
situacie, kedy ndhodné vplyvy sposobuju
vykyvy vo  vykonnosti. Aby sme
eliminovali tieto dosledky, posiliiujeme tie
prvky zostavy, ktoré tymto zmenam
najviac  podliehaja. Obvykle st to
dopravné prostriedky, ktoré su vystavené

To such processes belong, e g.
earthmoving processes that are in a
different scope the beginning of every new
construction. Concreting, assembly
processes, bricklaying processes are the
basic processes of a raw construction. In
finishing processes as to mechanization
most demands are laid only on a lift. It is
more convenient to solve these processes
by methods of simulation modelling.

In the following part the attention
will be directed to the two of included
mechanized building processes as a system
of mass service. The aim of these systems
is to find out the optimum balance between
channels of service and the source of
claims.

Typical examples can be found in
earthmoving processes in the sets an
excavator or loader — a dumptrucks, in
concreting processes in sets a pump or a
crane — concrete mixers. Such processes
can be suggested by the use of the queuing
theory.

The main goal will be to choose such
a machinery set that is able to guarantee
the required efficiency. In machinery sets it
is necessary to determine the main
segment, which is the carrier of the set
efficiency and to adjust to it the other rest
segments. Usually it is the most effective
or most expensive machine. In the
construction work they are first of all
excavators, loaders, pumps, cranes, lifts,
production lines. It is needful to determine
their types, sorts and number in a set. The
most simple it will be to use e.g.
deterministic relations for calculating.

Under certain  conditions  this
suggestion would be correct and with in
such a way suggested machinery set the
process would be really carried out
successfully. Yet, there should be no
abrupt changes occurred frequently during
the work and the machinery set should
function mostly smoothly during the whole
of the period.

Anyway, on building sites there
occur  situations  when  occasional
influences cause deviations in efficiency.



Z.Hulinova — VyuZitie stochastickych metod modelovania pri priprave...

T&L —18/10

roznym dopravnym kolizidm. Ich
posilnenim zabezpecujeme, aby hlavny
¢lanok strojnej zostavy bol plne vytazeny.

Aky pocet dopravnych prostriedkov
(vozidiel) bude optimalny aako bude
vyzerat’ situdcia na stavenisku, to sa vSak
z deterministického vypoctu nedozvieme.
Odpovede nam poskytne tedria hromadne;j
obsluhy.

4 MODELOVANIE POMOCOU
TEORIE HROMADNEJ
OBSLUHY

Procesy hromadnej obsluhy mdzeme
sktimat’ analyticky, s vyuzitim
prostriedkov matematickej analyzy, alebo
experimentalne, pomocou simula¢nych
metdd [3]. V nasledovnej Casti sa budem
venovat’ analytickému pristupu.

Prvou ulohou pri  modelovani
stavebnych procesov pomocou teorie
hromadnej obsluhy je zadefinovat’ vhodny
typ modelu. V stavebnictve sa stretdvame
prevazne s modelmi jednokanalovymi
alebo viackanalovymi, uzatvorenymi, bez
strat.

V nasledujicom kroku je potrebné
vypocitat zdkladné parametre systému
obsluhy, ktorymi su: parameter vstupu 4
(intenzita vstupu), parameter obsluhy u
(intenzita obsluhy) a parameter prevadzky
p (intenzita prevadzky). Vstupné udaje
potrebné pre ich vypocet su: stredna
hodnota casu vstupu poziadaviek do
systému 7, a stredna hodnoty Casu obsluhy
T, . Tieto casy modzeme dostat bud
deterministickym vypoctom alebo
Statistickym sledovanim, alebo z databazy
porovnatel'nych udajov. Predpokladdme,
ze prad poziadaviek, ktoré vstupujii do
systému v intervale (0, t), ma Poissonovo
rozdelenie pravdepodobnosti s parametrom

To eliminate these consequences one
strengthens these elements of the set,
which are most of all subject to them. As a
rule these are means of transport that are
facing to various transport collisions. By
strengthening them one secures the main
segment of the machinery set to be fully
function.

Yet, it cannot be found out from the
deterministic calculation what number of
transport means (vehicles) will be optimal,
or how the situation on the building site
will be like. The answers will be given by
the queuing theory (the mass service
theory).

4 MODELLING THROUGH THE
MASS SERVICE THEORY

Mass service processes can be
investigated analytically using means of
mathematical analysis or experimentally
through a simulation method [3]. In the
following part attention will be given to an
analytical method.

The first task in modelling building
processes by means of a theory of mass
service is to define a suitable model type.
In the building industry one or more
channels models, closed, without losses are
mostly used.

In the next step it is needful to calculate the
service system basic parameters, which
are: the input parameter A (input intensity),
the service parameter u (service intensity)
and the operational parameter p
(operational intensity). The input data
necessary for their calculation are: the
mean time value of the input of claims in
the system 7, and the mean value of the
service time 7,. These time values can be
obtained either by the deterministic
calculation or through statistic observation
or from a database of the comparable
dates. Let us expect that the stream of
claims entering in the system in the
interval (0, t), has a Poisson’s division of
probabilities with the parameter A¢ and the
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At a ¢as obsluhy mé exponencidlne alebo
Erlangovo rozdelenie s parametrom uz [4].

V trefom kroku pocitame ciselné
charakteristiky, ktoré dostdvame v podobe
strednych hodnét a pravdepodobnosti.
UmozZnia ndm rozhodnut’ sa o optimalnom
navrhu strojnej zostavy ao priebehu
stavebnych prac.

Zemné procesy

Analyzujeme strojnu zostavu, ktora
je typickym prikladom pre zemné procesy,
napriklad rypadld  (kanale obsluhy)
a dopravné prostriedky (poziadavky na
obsluhu). Podl'a poc¢tu rypadiel moze byt
tento  model jednokanalovy  alebo
viackanalovy. Kanale tvoria kone¢ny pocet
neusporiadanych  paralelnych stanic
obsluhy, t. j. poziadavka sa obvykle moze
postavit’ k l'ubovolnému vol'nému kanalu.

Prad poziadaviek je ohraniceny,
pretoze pocet poziadaviek byva znamy. St
to systémy bez strat, nakol’ko poziadavka
po vstupe do systému ¢akd na obsluhu vo
fronte, ak st kanale obsadené. Z hl'adiska
poziadavky na obsluhu moézu byt aj
roznorodé. Budeme predpokladat, ze
intenzita vstupu sa nemeni. Cakanie
poziadavky vo fronte obvykle nebyva
ohranicen¢ Casom, ale modze byt
ohranieny pocet prvkov vrade. To sa
stava v dosledku stiesnenych pomerov na
stavenisku.

Intenzita obsluhy byva obvykle
konStantna, v pripade nerovnakych
rypadiel mozu poskytovat' aj réznorodu
obsluhu. Z hladiska prevadzky urcujeme
spolahlivost’” obsluhy podla realnych
podmienok v strojnom parku.

Betonarske procesy

Typickym modelom betonarskeho
procesu je dovoz Cerstvého betonu z
mimostaveniskovej vyrobne domiesava¢mi
ana stavenisku doprava cerstvého betonu
cerpadlom alebo zeriavom a betonarskymi
koSmi. Rovnako ako pri zemnych
procesoch moze ist’ o jednokanélovy alebo
viackanalovy model s ohrani¢enym
podtom poziadaviek bez strat. Specifickou

service time has an exponential or Erlang’s
division with the parameter ut [4].

In the third step the numeric
characteristics given in the form of mean
values and probabilities are calculated.
They will enable us to determine on the
optimum suggestion of a machinery set
and on the course of the construction
works.

Earthmoving processes

We analyze a machinery set that is a
typical example of earthmoving processes,
e.g. excavators (channels of service) and
means of transport (claims to service).
According to the number of excavators this
model can be a one-channel or a more-
channel type. The channels form the final
number of non-arranged parallel service
stations, i.e. a claim usually can be put to
any free channel.

The stream of claims is limited (the
circular system) because the number of
claims is usually known. These are systems
without losses for the claim after entering
the system waits for service in a range if
the channels are engaged. In the aspect of a
claim on the service they can be different.
Let us assume that the input intensity is
unchanged. The claim’s waiting in a range
is usually not limited in time but the
number of elements in a range can be
limited. It occurs as a result of limited
conditions on a building site.

The service intensity is as a rule
constant, in case of different excavators it
can also be different. From the point of
view of the operation the service reliability
is determined by the real conditions in the
machinery park.

Concrete laying processes

The typical model of a concrete
laying process is delivering fresh concrete
from an off-building site concrete plant in
concrete mixers and on a building sites
delivering fresh concrete through a
concrete pump or a crane with concrete
baskets. The same as in earthmoving
processes it can be a one-channel or more-



Z.Hulinova — VyuZitie stochastickych metod modelovania pri priprave...

T&L —18/10

poziadavkou betonarskych procesov je
obmedzenie Casu pobytu poZziadavky v
systéme z doévodu neziaduceho zaciatku
tuhnutia Cerstvého betonu.

5 PMKTICKE OVERENIE
TEORIE HROMADNEJ
OBSLUHY

Pri modelovani stavebnych procesov
mozeme vychadzat z kombinacii
jednotlivych  strojov, ktoré vyhovuju
podmienkam realizacie. V si¢asnosti byva
lehota vystavby najcastejSie urCovana
dohodou. Tym je v casovom plane
vymedzené pozadované trvanie
jednotlivych prac. Na zaklade tohto casu
a objemu prac uréime potrebni vykonnost
strojnej  zostavy.  Niektoré  situacie
nedavaju vela moznosti na rozhodovanie
o vybere strojov, inokedy bude vhodnych
variantov strojnych zostav viac.

Pri tvorbe modelov zostav
navrthneme najskér z technologického
hladiska vSetky mozné a dostupné druhy
atypy strojov. Nasledne  vhodnou
kombinaciou vytvorime varianty.
Dolezitym krokom je vyber vhodnej
metdody modelovania podla toho, aké
vystupy a s akou presnostou potrebujeme.
Vsetky varianty musia spinat zakladné
podmienky, t. j. dodrzanie technologicke;j
discipliny a stanoveného cCasu. V pripade
viacSiecho pocCtu variantov  rozhoduju
o optimalnom znich dalSie dolezité
kritéria, ako s napriklad néklady.

V nasledujucich dvoch prikladoch su
zachytené  vystupy  ziskané  pocas
sledovania ~ zemnych a betonarskych
procesov na stavbach, deterministické
vypocty a ich stochastické overenie.

Pr. 1 Zemné procesy: 2 x rypadla (CAT)
+ dopravné prostriedky (Scania)

Ulohou bolo vykopanie stavebnej jamy o
objeme 2160 m® pri stanovenom &ase prac
32 hod.

Na stavbe pracovali dve rypadla s
objemom lyzice 0,8 m’. Dopravné
prostriedky s objemom korby 11 m’

channels model with a limited number of
claims without losses. The specific claim
of concrete laying processes is the time-
limited stay in the system because of the
undesirable start of fresh concrete setting.

5 PRACTICAL  VERIFICATION
OF THE MASS SERVICE
THEORY

In modeling construction processes
one can proceed from a combination of
singular machines that satisfy the
realization conditions. Nowadays the time
limit of construction is usually determined
by agreement. By that means in the
schedule the required lasting of singular
works is limited. On the base of this time
and range of works the needed efficiency
of a machinery set will be determined.
Some situations cannot give much space
for determining the choice of machines. In
other cases there will be more convenient
variants of machinery sets.

In forming sets of models first all
possible and accessible sorts and types of
machines are suggested from the
technological point of view. Successively
variants are created through a suitable
combination. An important step is
choosing a suitable modelling method
according to what outputs and how
precisely we need them. All the variants
must satisfy the basic conditions, i.e.
keeping to technological discipline and the
time agreed. In case of a more number of
variants further important conditions are
decisive in determining the optimal of
them, such as, e.g., the cost.

In the following two examples are
illustrated the outputs obtained during
investigating earthmoving and concrete
laying processes at building sites,
deterministic ~ calculations and their
stochastic verification.

Ex. 1 Earthmoving processes: two times
excavators (CAT) + means of transport
(Scania)

The goal was to dig a construction hole
with the volume of 2160 m® in the agreed
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odvazali vykopok na skladku do
vzdialenosti 7 km s priemernou rychlost'ou
jazdy 50 km . h"' . V sledovanej zostave
boli nasadené 3 dopravné prostriedky.

Vyhodnotenie vystupov

Hodnotiaci proces pozostdva zo Styroch
krokov: vyhodnotenie sledovania,
vyhodnotenie deterministickych vystupov,
vyhodnotenie stochastickych vystupov,
zavereCné vyhodnotenie.

A)Vyhodnotenie sledovania -
pozorovanim sa zistili prestoje
rypadiel. Ako rieSenie su mozné
tieto navrhy:

-zmenit’ uzol obsluhy, t. j. druh, typ
a pocet rypadiel,

-zmeny Vv prude poziadaviek, t. j.
zvacsit  pocet  vozidiel  pri
zachovani objemu korby, pripadne
pri menSom pocte vozidiel zvysit
objemy korby.

B)Vyhodnotenie deterministickych
vystupov:

-analyza reédlnej situdcie pomocou
harmonogramu (3 vozidla) ukazala
prestoje rypadiel, ktoré sa odstranili
pridanim d’alSiecho vozidla, co
prinieslo  skratenie  pracovného
cyklu, Gsporu ¢asu aj ndkladov,

-deterministickym vypoctom vysiel ako
vhodny variant 5 vozidiel,

C)Vyhodnotenie stochastickych
vystupov ziskanych pomocou
teorie hromadnej obsluhy:

-stochasticky overeny deterministicky
navrh, t. j. 5 vozidiel, popisuje
pravdepodobnu situaciu tak, ze
intenzita prevadzky bude p = 0,613,
priemerne bude stat’ 0,8 vozidla vo
fronte, Co predstavuje 16,8 %
prestoj, t. j. priemerne stravia
vozidla vo fronte 1,5 min,,
priemerné vyuzitie rypadla bude
83,8 % (vzhladom na nizke
vyuzitie rypadla amalé p treba
zvysit’ pocet vozidiel),

time of works 32 hours.

There were two excavators working
on the building site with the dipper
capacity of 0,8 m’. The means of transport
having the bed capacity volume 11 m’
transport the digged up ground to a dump
in the distance of 7 km with the average
speed 50 kmh'. There were three
transport means to follow the set.

Outputs evaluation

The evaluation process consists of four
steps:  investigation  evaluation, the
deterministic outputs evaluation, the
stochastic outputs evaluation, the final
evaluation.

A)Investigation evaluation — through
inspection  the  standstills of
excavators were found out. As a
solution the following suggestions
are possible:

-to change the knot of service, i.e., the
sort the type and the number of
excavators,

-changes in the stream of claims, i.e., to
rise the number of vehicles while
the volume of the bed will be
retained, or, in a lower number of
vehicles to rise the bed capacity.

B)Deterministic outputs evaluation:

-analyzing the real situation by means
of a timetable (3 vehicles) showed
the excavators” standstills which
were removed by adding a one
vehicle more that lead to shortening
a  performance  cycle and
economizing time and costs,

-an adequate variant of five vehicles
was found out through a
deterministic calculation.

C)Evaluating stochastic  outputs
obtained by the queuing theory:

-stochastically proved deterministic
suggestion, i.e. 5 vehicles, it
describes a probable situation in
such a way that the performance
intensity will be p = 0,613,
averagely 0,8 of a vehicle will
stand in a queue that represents
16,8 % of a standstill, i.e. the
vehicles will stand in a queue 1,5
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-stochasticky overenych 7 vozidiel
ukazuje intenzitu prevadzky (p =
0,858), sucinitel' prestoja vozidiel
bude 33,2 % (2,3 vozidla vo
fronte), t. j. priemerne stravia vo
fronte 2 min., priemerné vyuZzitie
rypadla je 97 %.

D)Zavereéné vyhodnotenie:
Obmedzenie, s ktorym v modeli
musime pocitat’, sa pri zemnych
procesoch najcastejSie tyka
velkosti  fronty, pristupu na
stavenisko aradenia do fronty pri
viacerych kanaloch obsluhy. Pri
vykopovych pracach na
rozlahlejSich stavbach je potrebné
spravne  navrhnut  postavenie
tazobnych  strojov. Pri  tom
zohladiiujeme hibku vykopavky,
sklon terénu, akény radius stroja,
postavenie dopravnych
prostriedkov tak, aby bol uhol
nakladania ¢o najmens$i, vhodny
abezpecny  prijazd  aodjazd,
dostatocny prehlad o situdcii pri
jednotlivych  kandloch z dovodu
lepSiecho  rozhodovania obsluhy
vozidla o tom, ku ktorému rypadlu
sa pristavit atd’.

Na zéklade vstupnych podmienok,
vypoctov a obmedzeni vtomto priklade
budi v rozhodovacom procese vylucené
varianty: deterministicky urceny variant s 5
vozidlami aj redlne pracujuca zostava s 3
vozidlami (vzhladom na nizke vyuzitie
rypadiel atym aj z obavy o nesplnenie
terminu ukoncenia prac). Optimalna bude
zostava 7 vozidiel, ktorej priemerné
a pravdepodobnostné vystupy najlepSie
zarucia splnenie ciel’a.

min. averagely, the average use of
an excavator will be 83,8 % (with a
view of the low wuse of the
excavator and a low p it is urgent to
rise up the number of vehicles),

-stochastically proved 7 vehicles show
the performance intensity (p =
0,858), the coefficient of a
standstill will be 33,2 % (2,3 of
vehicle in a queue), i.e., averagely
they will stand in a queue 2 min.,
the average use of an excavator
being 97 %.

D)Final evaluation:

A limitation that should be
considered of in a model in ground
processes is most often connected
with the length of a queue, the
access to a building site and the
forming a queue in more service
channels. In digging up works on
bigger building construction places
it is necessary correctly to suggest
locating mining machine. In this is
considered: the depth of a hole dug,
the slant of the terrain, the machine
action radius, the location of the
means of transport in such a way
that the angle of loading be the
minimum possible, a suitable and
safe coming in and coming out, a
satisfactory review of the situation
at individual channels to better
decision making the vehicle service
about to which excavator to stand
by, etc.

On the base of the input conditions,
calculations and limitations in this example
in the consideration process the following
variants  will  be excluded, the
deterministically appointed variant with 5
vehicles together with a really functioning
set with 3 vehicles (considering the low
exploitation of excavators and also the
fears of not fulfilling the terms of finishing
the works). The set of 7 vehicles will be
optimal and whose average and probable
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Pr.2 Betonaz:
domieSava¢ (MAN)
Betonaz stropnej dosky zabezpecovalo
erpadlo s vykonnostou 20 m’. h™' spolu so
4 domieSavaémi s objemom bubna 5 m’
s priemernou rychlostou jazdy 50 km . h™'
z betonarky vzdialenej 15 km.

cerpadlo (CIFA) +

Vyhodnotenie jednotlivych pristupov
Pri hodnoteni betonarskych procesov
musime zohladnit' aj poziadavku, ktora
stvisi so zaCiatkom tuhnutia cerstvého
betonu [1]. VSeobecne plati poZiadavka,
aby sa cCerstvy betén vyrobil, dopravil
a spracoval do zaciatku tuhnutia, ¢o je
zavislé od mnohych faktorov, ku ktorym
patria:
e druh atrieda pouzitétho cementu,
vodny sulinitel’, pouzité prisady

a primesy,

e teplota prostredia pri mieSani,
doprave aspracovani cCerstvého
beténu,

e cCas mieSania a plnenia bubna

domiesavaca, Cistenie,

e doprava a manévrovanie
z betonarky po komunikaciach, po
stavenisku, vertikalna doprava az
na miesto spracovania v debneni,

e (Cas spracovania (zhutnovania)
cerstveého betonu.

Niektoré ztychto faktorov vieme
zistit,  vypocitat, odhadnat. Teoria
hromadnej obsluhy nam umoziuje ziskat
dal$ie uzitocné tidaje, ako je priemerny Cas
zdrzania  domieSavacov ~ vo  fronte
avsystétme. Pri rozhodovani by sme
niektoré varianty strojnej zostavy mali
vyluc¢it  prave  pre  ich  pridlhy
pravdepodobny cas statia vo fronte.

Druhym dolezitym rozhodovacim
kritériom su priestorové moznosti na
stavenisku.

10

outputs will be the best to safeguard
fulfilling the target.

Ex.2 Concrete laying process: a concrete
pump (CIFA) + a concrete mixer (MAN)
The concrete casting of the ceiling panel
was carried out by a pump of the capacity
20 m’ . h™' together with 4 concrete mixers
having the drum volume 5 m’ with the
average driving speed 50 km . h™' from a
concrete plant in 15 km distant.

Evaluating individual methods

In evaluating the concrete processes
one also should consider the claim relied to
the beginning of fresh concrete setting [1].
Generally the claim is valid that fresh
concrete should be produced, transported
and processed up to the beginning of fresh
concrete setting which is influenced by
many factors:

e type and class of the concrete used,
the water coefficient, the
ingredients and adulterants used,

e the vicinity temperature at mixing,
transport and processing of fresh
concrete,

e time of mixing and filling the drum
of a concrete mixer, cleaning,

e transport and manoeuvring from
the concrete plant via
communications,  through  the
building site, vertical transport up
to the place of processing in
decking,

e time of processing (concretion) the
fresh concrete.

One can identify, calculate and
estimate some of these factors. The
queuing theory enables us to get further
useful data such as the average time of the
standstill of concrete mixers in a queue and
in the system. In consideration some
variants of the machinery set should be
excluded just for too long a time of their
staying in a queue.

The second important considering
criterion are the spacing capacities on a
building site.
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Pomocou tedrie hromadnej obsluhy
dostdivame obraz o priemernej dlzke
frontu, ato nas opiat vrozhodovacom

procese usmerni pri vybere toho variantu,
pri ktorom bude priemerny pocet prvkov
vo fronte vyhovovat  priestorovym
podmienkam vystavby.
A)Vyhodnotenie sledovania -
pozorovanim sa zistili prestoje
domieSavacov. Ako rieSenie su
mozné tieto navrhy:
-posilnit’ cerpanie
cerpadlom

vykonnejSim
s nasledovnym
dopadom: zrychlenie procesu,
potreba vykonnejsej Caty
betonarov, zvySenie ndkladov na
cerpadlo a betonarov, ale konecné

znizenie  nakladov v ddsledku
rychlejSej vystavby,

-zmenSit’ pocet domiesavacov
s nasledovnym dopadom:
pravdepodobnost’ prediZenia
procesu v dosledku  nevyuzitia
Cerpadla, negativny dopad na
celkové naklady vplyvom
prediZenia vystavby,

-zmenit objem bubna domieSavacov
a ich pocet.

B)Vyhodnotenie
vystupov:

-podl'a  harmonogramu pri analyze
redlneho stavu (4 x domieSavace
s objemom 5 m”) trval cyklus prace
domieSavaca 80 min., s 10 min.
cakanim na Cerpadlo,

-deterministickym  vypoctom  (pre
domieSavace s5 m~ objemom
bubna) vysiel ako vhodny variant 5
domiesavacov,

C)Vyhodnotenie stochastickych
vystupov ziskanych pomocou
teorie hromadnej obsluhy:

-stochasticky overeny redlny stav na
stavenisku, t. j. 4 x domieSavace 5
m3 vedie k predpokladane;j
intenzite prevadzky (p = 0,859),

deterministickych
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By means of the mass service theory
one gets a picture of the average longevity
of a queue that in its turn will direct one to
choose just the variant favourable for the
space conditions of the construction
because of the convenient average number
of elements in the queue.

A)Evaluating the investigation -
through observation the standstills
of the concrete mixers were
detected. As a solution there are
possible the following suggestions:

-support pumping by a more efficient
pump with the following impact:
accelerating the process, need of a
more effective team of concreters,
enhancing investments for a pump
and concreters but the final
lowering the costs through the
quicker construction work,

-lower down the number of concrete
mixers with the following impact:
probability of lengthening the
process through the standstill of the
pump, a negative impact on the
whole  costs  influenced by
lengthening the construction,

-change the drum volume of the
concrete mixers and their number.

B)Evaluating the  deterministic
outputs:

-according to the timetable in analyzing
the real state (4 x concrete mixers
of the volume 5 m’) the duration of
the concrete mixer’s cycle of work
was 80 min. with 10 min. of
standstill in waiting for a pump,

-through a deterministic calculation
(for concrete mixers with 5 m’ of
the drum volume) the variant of 5
concrete mixers proved itself to be
acceptable,

C)Evaluating the stochastic outputs
obtained by the queuing theory:

-the stochastically verified real state on
the building site, i.e. 4 x concrete
mixers 5 m’ leads to the expected
performance intensity (p = 0,859),
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sucinitel prestoja domieSavacov
bude 47,2 % (1,89 domieSavacov
vo fronte), t. j. priemerne stravia vo
fronte 29 min. (deterministicky
vyslo 10 min.), priemerné vyuzitie
cerpadla je 98,6 % (eSte mdzeme
skusit’ znizit’ pocet domiesavacov),
-stochasticky overeny deterministicky
navrh, t. j. 5 x domieSavae 5 m’
vedie k predpokladom, Ze na
stavenisku sa budu tvorit’ fronty (p
= 1,074), priemerne budu stat’ 3
domieSavate vo  fronte, o
predstavuje 61 % prestoj, t. ].
priemerne stravia vo fronte 46,3
min., priemerné vyuzitie Cerpadla
bude 99,8 % (vysokd vykonnost
umoznuje eSte  znizit  pocet
domiesavacov),

-stochasticky overime aj model s3
domiesavaémi 5 m’ aziskame
informacie o poklese intenzity
prevadzky na p = 0,644, sucinitel’
prestoja domiesavacov bude 27,2 %
(0,81 domiesavacov vo fronte), t. j.
priemerne stravia vo fronte 5,7
min., ale priemerné vyuZitie
cerpadla je 85,8 %,

-stochasticky overime eSte model so 4
domiefavaémi 9 m’ avysdou
vykonnostou Cerpadla, pri ktorom
bude intenzita prevadzky p = 0,706,
suCinitel prestoja domiesavacov
bude 40,6 % (1,6 domieSavacov vo
fronte), t. j. priemerne stravia vo
fronte 24,3 min.,, priemerné
vyuzitie Cerpadla je 95,3 %.

-the stochastically

the coefficient of the concrete
mixers’ standstill will be 47,2 %
(1,89 concrete mixers in a queue),
i.e. they averagely will stay in the
queue 29 min. (deterministically it
was 10 min.), the average pump
exploitation is 98,6 % (still one can
try to lower down the number of
concrete mixers),

verified
deterministic suggestion, i.e. 5 x
concrete mixers 5 m’ leads to
assumptions that on the building
sites there will be queues (p =
1,074), averagely there will be a
standstill of 3 concrete mixers in a
queue, which represents a standstill
of 61 %, i.e. they averagely will
stand in queue 46,3 min., the
average pump exploitation will be
99,8 % (high efficiency makes
lowering the number of concrete
mixers still possible),

-also the model with 3 concrete mixers

5 m’ will be stochastically verified
and one will obtain the information
that the performance intensity
lowered down to p = 0,644, the
concrete mixers’ standstill
coefficient will be 27,2 % (0,81
concrete mixers in a queue), i.e.
averagely they will stay in a queue
5,7 min., but the pump average
exploitation is 85,8 %,

-still one will stochastically verify the

model with 4 concrete mixers 9 m’
and a higher pump efficiency in
which the performance intensity
will be p = 0,706, the concrete
mixers” standstill coefficient will
reach 40,6 % (1,6 concrete mixers
in a queue), i.e. averagely they will
stay 24,3 min. in the queue, the
average pump exploitation being
95,3 %.

D)Zavereéné vyhodnotenie:
Uvazujme orientacne cas zaliatku
tuhnutia Cerstvého betonu 120 min.

D)The final evaluation:

Let us consider for guidance the
time of starting the solidification of
fresh concrete 120 min.

12
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Po vyliceni casov suvisiacich s vyrobou,
dopravou a spracovanim cerstvého betonu
nam zostane priblizne 30 min. na Cakanie
vo fonte. Dalsie obmedzenie, ktoré suvisi
sredlnou  situdciou, nedovoluje na
stavenisku stat’ vo fronte viac ako dvom
domieSavacom.

Na zdklade vstupnych podmienok,
vypoctov a obmedzeni buda
v rozhodovacom procese vylacené
varianty: realne pracujuca zostava so 4
domiefavaémi 5 m’ (vzhladom na
hrani¢né hodnoty ¢asu vo fronte aj pocet
domieSavacov vo fronte), deterministicky
uréeny variant s5 domie$avaémi 5 m’
(vzhl'adom na cas vo fronte 46,3 min.),
rovnako strojnd zostava s 3 domiesavacmi
5 m’ (vzhladom na nizke vyuzitie
Cerpadla). Optimdlna bude zostava
domiesavacov s vacSim objemom bubna,
ktora spia okrajové podmienky a prinasa
aj isté€ Casove a financné zlepSenie.

Na zéklade obdobného posudenia
d’alsich 120 prikladov (80 betonarskych
procesov a40 zemnych procesov),
mozeme prijat’ niektoré zavery. Analyze
boli podrobené¢ procesy na stavbach
realizovanych na Slovensku, prevazne
v Bratislave a okoli. Dopravné vzdialenosti
dovozu Cerstvého betdonu aj odvozu zeminy
boli do 20 km. Pri posudzovani redlnej

situacie na stavbach bolo moZné
vysledovat’ tri stavy:
-strojnd zostava v redlna situdcii

pracovala optimalne, plynule, bez
prestojov, t. j. zostava bola
vyvazena,

-hlavny ¢lanok v strojnej zostave
(Zeriav, cerpadlo, rypadlo) mal
prestoje, t. j. zostava bola poctom
poziadaviek (dopravnych
prostriedkov) poddimenzovana,

-poziadavky v strojnej zostave mali
prestoje, t. j. zostava bola poctom
poziadaviek predimenzovana.
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After excluding the times of production,
transport and processing the fresh concrete,
the rest time is approximately 30 min. of
waiting on a queue. The further limitation
relative to the real situation in a building
site does not allow staying in a queue more
than two concrete mixers.

On the ground of the starting
conditions, calculations and limitations in
the consideration process the following
variants will be excluded: the really
functioning set with 4 concrete mixers 5
m’ (considering the extremal time values
in a queue as well as the concrete mixers’
number in the queue), the deterministically
appointed variant with 5 concrete mixers 5
m’ (considering the time 46,3 min. in a
queue), the same the machinery set of 3
concrete mixers 5 m’ (considering a low
pump exploitation). A set of concrete
mixers with a bigger drum volume that
satisfies the limit conditions and also bring
in certain time and financial improvement
will be optimal.

On the base of a similar considering
the next 120 examples (80 concrete laying
processes and 40 earthmoving processes),
certain conclusion can be accepted. The
processes in the building construction
places realized in Slovakia, mostly in
Bratislava and the vicinity were analyzed.
The transport distances of distributing
fresh concrete as well as ground removal
were up to 20 km far. In evaluating the real
situation on building places the following 3
states could be detected:

-the machinery set in a real situation
functioned optimally, smoothly,
without standstills, i.e. the set was
well balanced,

-the main segment in the machinery set
(a crane, a pump, an excavator) had
standstills, i.e., the set as to the
number of claims (means of
transport) was undersized,

-the claims in the machinery set had
standstills, i.e. the set as to the
number of claims was overlarge.
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Druhy, typy, potty prvkov a
podmienky v sledovanych procesoch sa
stali podkladom pre novy névrh strojnych
zostav pomocou deterministickych
vypoctov. Nasledne bola pomocou tedrie
hromadne;j obsluhy overena
pravdepodobnost’ spravania realnej aj
deterministicky navrhnutej strojnej zostavy
a vybrany optimalny model.

Po analyze jednotlivych vystupov je
mozné prijat’ niektoré zovSeobecnujlice
poznatky vyjadrené aj vtabulke 1.
Uvadza, ako sa vzijomne lisili pocCty
poziadaviek v strojnych zostavach
vypocitanych deterministicky
a stochasticky oproti redlnej situdcii na
stavbe.

The elements, kinds, types, numbers
of elements and conditions in inspected
processes began to be the ground for a new
suggestion of machinery sets by means of
deterministic calculations. In turn with the
help of the mass service theory was proved
the probability of behaviouring the real as
well as the deterministically suggested
machinery set and so was chosen an
optimal model.

After analyzing the individual
outputs it is possible to accept some
general knowledge also expressed in table
1. It shows how the numbers of claims in
machinery sets calculated deterministically
and stochastically were different from the
real situation on a building site.

Tab. 1 Porovnanie vystupov podla jednotlivych metod
Tab. 1 Comparison of outputs according to the individual methods

. . Deterministicky vypocet Stochasticky vypocet
Realita /Reality Deterministic calculation Stochastic calculation
optimalna vacsi pocet rovnaky pocet
optimal greater number equal number
predimenzovana rovnaky alebo vacsi pocet mensi pocet
overlarge equal or greater number lower number
poddimenzovana rovnaky alebo vac¢si pocet vacsi pocet
undersized equal or greater number greater number
Z tabulky vyplyva, ze From the table it is clear that the

deterministicky vypocet vedie prevazne
k predimenzovaniu  strojnych  zostav
(vrozsahu 1 — 5 poziadaviek) v porovnani
s optimalnou redlnou zostavou. Dobre
fungujuca redlna strojna zostava bola
stochastickym  vypo¢tom  potvrdena.
Intenzita  prevadzky  deterministicky
navrhnutej strojnej zostavy  bola
najcastejSie p > 1 a poziadavky travili
priemerne  50%  casu vo  fronte.
Vyuzitelnost’ hlavnych c¢lankov bola sice
vysokd (95 % — 100 %), o zarucCovalo

splnitelnost’ ciela, ale so zbytocnymi
nakladmi na poziadavky cakajuce vo
fronte.

Niektoré stavebné procesy
vykazovali zhodu medzi redlnou situéciou,
deterministickym vypoctom

a stochastickym navrhom. VicSinou sa to
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deterministic calculation mostly leads to
overlarge machinery sets (in the range 1 —
5 claims) compared to the optimal real set.
The well-working real machinery set was
confirmed by a stochastic calculation. The
performance intensity of the
deterministically suggested machinery set
mostly was p > 1 and the claims stayed
averagely 50 % time in a queue. The main
segments exploitation was high (95 % -
100 %) which guaranteed fulfilling the task
but it was with profitable costs of claims
waiting in the queue.

Some construction processes showed
a match between the real situation, the
deterministic calculation and the stochastic
suggestion. Mostly it was true in a lesser
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tykalo mensieho poctu poziadaviek (2 - 3)

pri malych vzdialenostiach (cca do 2 km) .
Rozdielne vystupy je mozné sledovat’

medzi samotnymi stavebnymi procesmi.

Napriklad zemneé procesy su
charakteristické vacsimi rozdielmi medzi
deterministickymi vystupmi

a stochastickymi. Najvécsie rozdiely (4 - 5
poziadaviek) vznikali pri vacsich
vzdialenostiach (7 — 20 km), ked bolo
treba celkovo navrhnut viac dopravnych
prostriedkov (4 — 8). Zhodné vystupy sa
dosiahli do mensSich vzdialenosti odvozu
zeminy (do 7 km) pri navrhu menSieho
poctu vozidiel (2 — 3).

Betonarske procesy vykazuji mensie
rozdiely medzi deterministickymi
a stochastickymi vypoctami. Vystupy sa
ale lisili v pripade nerovnakej obsluhy. Ak
poziadavky obsluhoval Zeriav, vznikla
zhoda medzi vypoctami pri vzdialenostiach
do 10 km amalych objemoch
domiesavadov (do 6 m’), a to v poéte 2 — 3
vozidla.  V ostatnych  pripadoch  bol
stochasticky navrh optimalnej zostavy
mensi o jeden dopravny prostriedok oproti
deterministickému.

Ak poziadavky obsluhovalo ¢erpadlo,
vypocty boli zhodné do vzdialenosti 10
km, ato 2 — 4 domieSavace. V ostatnych
pripadoch bol rozdiel opét’ o jedno vozidlo.
To neplatilo pri vacSich vzdialenostiach
(nad 10 km) a malych objemoch bubna (5
— 6 m’), kedy bolo potrebnych viac
domiesavacov (4 — 5) arozdiely medzi
deterministickym vypoctom
a stochastickym boli vidcsie (3 - 4
domieSavace). VSeobecne su malé objemy
domieSavacov pomocou cerpadla rychlo
vyprazdnené, takze ich pocet pre jeho
plynult pracu musi byt’ vacsi.

V procese vystavby sa stretavame
s podobnymi procesmi. Navrhnat vhodny
model a pracovat’ s nim umoziuje pouzit
niekedy jednoduché pristupy a inokedy
vyzaduje narocné experimentalne
sledovanie. To sa bez pocitatovej podpory
nezaobide.
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number of claims (2 - 3) in short distances
(approximately up to 2 km).

The different outputs can be observed
among the building processes themselves.
E.g. earthmoving processes are
characteristic with bigger differences
between deterministic and stochastic
outputs. The biggest differences (4 - 5
claims) occurred in longer distances (7 —
20 km) when it was needful wholly to
suggest more means of transport (4 — 8).
Identical outputs were reached up to
shorter distances of the ground disposal
(up to 7 km) when a lesser number of
vehicles was suggested (2 — 3).

Concrete laying processes show
minor differences between deterministic
and stochastic calculations. Yet, the
outputs differed in case of various service.
If the claims were realized by a crane,
there was identity between the calculations
in distances up to 10 km and the small
volumes of a drum (up to 6 m’) in the
number 2 — 3 vehicles. In the rest of cases
the stochastic suggestion of the optimum
set was smaller by one means of transport
compared to the deterministic one.

If the claims were catered for by a
pump, the calculations were identical up to
the distance 10 km, namely 2 — 4 concrete
mixers. In the rest of cases the difference
was again by one vehicle. It was not true in
longer distances (over 10 km) and small
drum volumes (5 — 6 m’) when more
concrete mixers were needed (4 — 5) and
differences between a deterministic and
stochastic one were bigger (3 — 4 concrete
mixers). Generally small concrete mixers’
volumes with the help of a pump are
quickly empty so their number for its
smooth function must be larger.

In a construction process one meets
similar processes. Suggesting a suitable
model and working with it enables us
sometimes to use simple approaches and
sometimes it  requires  demanding
experimental investigation. It cannot do
without a computer’s help.
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6 ZAVER

Cielom pripravy  vystavby je
premysliet a navrhnit' postup vystavby
tak, aby sme dodrzali vsetky ciele. Metody
a prostriedky si vyberdme vzdy podla
konkrétnych podmienok. Pri priprave
niektorych stavebnych procesov je hlavnou
ulohou navrh optimalnej strojnej zostavy.

Deterministické metody su
vSeobecne  jednoduchSie ateda aj
pouzivanejSie. Davaju vSak len maly obraz
o moznom priebehu stavebného procesu.
Tedria hromadnej obsluhy je narocnejsia,
ale dava viac informacii
o pravdepodobnom diani na stavbe. Na
zaklade analyzy sledovanych procesov
mozeme predpokladat, ze uplatnenim
stochastickych  pristupov  pri priprave
vystavby uSetrime Cas aj naklady, ktoré
pocas realizacie moézu nedostatoCnou
pripravou vzniknut'.

K naroénym podmienkam vystavby
sa eSte lepSie priblizime pomocou
pocitacovej simuldcie. Vznik vhodnych
simulacnych programov priniesol moznost’
experimentovat na zostavenom modeli
stavebného procesu a planovat’ jeho budici
priebeh. Rozhodovanie sa tym stdva mene;j
pracne, rychlejSie a komplexnejsie.

6 CONCLUSION

The goal of construction preparation
is to consider and suggest the construction
proceeding in such a way that all the
targets are reached. Methods and means
are to be chosen always in accord with the
existing conditions. In preparing some
building processes the main goal is
suggesting the optimal machinery set.

Deterministic methods are generally
simpler and so the most often used. Yet
they provide only a small picture about the
possible course of a building process. The
queuing theory is more ambitious but it
brings more information about the
probable situation on a building site. On
the base of analyzing the observed
processes one can assume that through
applying  stochastic  approaches in
preparing the construction both the time
and the costs can be economized while in
case of unsatisfactory preparation they can
occur.

A computer simulation enables us to
more closely approach to the exacting
construction  conditions.  Establishing
suitable simulation programs has brought
the possibility to make experiments on
assembled model of the construction
process and to plan its future course. In this
way consideration is less laborious,
quicker and more complex.
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