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OPTIMIZATION OF WORK SCHEDULES EXECUTED
USING THE FLOW SHOP MODEL, ASSUMING
MULTITASKING PERFORMED BY WORK CREWS

M. KRZEMINSKI!

The problem described in this paper deals with construction project scheduling for multi-object projects. The use
of the flow shop model allows for quick execution through optimal, simultaneous means of production. The
correct order of tasks according to assumed criteria is the subject of a lot of research. In this paper, we have
focused on the aspect of multi-project work crews. In practice, we often observe cases where overburdened
crews are supported by ones with downtime. This paper presents a newly developed model used to smoothe out
schedules in terms of maintaining crew work continuity. A full description of the algorithm and example usage

are presented.
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1. INTRODUCTION

The scheduling of multi-object projects is the subject of many research papers in the sphere of
construction project engineering. The fundamental assumption is the planning of work by using the
flow shop model, which means we are dealing with crews performing work sequentially and
transitioning between individual work sites. The first step that must be taken, is the creation of the
base schedule. In order to perform the optimization, scheduling of tasks must be done to set the
right order of crew movement between work sites, thus set the order of work units. This part of the

optimization can be performed using time couplings [2,3] by using time-cost ordering criteria.
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For example, it is also possible to order using the time-cost criterion[6], or even the travelling
salesman problem [1]. Factory models may be used here [7] or even artificial intelligence methods
[8]. Attempts to solve this problem using a full review technique were undertaken by the author in
earlier works [5].

The use of earlier mentioned methods does not guarantee simultaneous continuity of work for crews
on different work fronts. With sufficiently unfavorable input data, resulting from construction
technological dependencies, it is still possible for works to stop. The simplest way to eliminate such
stops, is by changing the scale of means of production in order to speed up processes. However, it
may occur that such a move is impossible due to factors such as limited infrastructure to support an
increase in employment, or technological barriers.

Earlier mentioned methods are based on the assumption of single-tasking by work crews, meaning
only one type of task is assigned to a given crew. However, in practice it can often be observed that
when a crew is halting the project, a held up crew will join in to help. Thus it is the author’s opinion
that it is worth developing a model allowing idle crews to have additional tasks assigned when

setting up the work schedule.

2. THE DESCRIPTION OF THE MODEL THAT ELIMINATES

CREW DOWNTIME

2.1. ALGORITHM TO ELIMINATE DOWNTIME

The flowchart below presents the algorithm to eliminate downtime for work crews. The assumption
of this method is that when a work crew is supporting another, its efficiency on a given task can be

the same or less than that of the base crew. The efficiency is described by EC,, ;

eCiy v eCy;

@2.1) EC,; = ip=1..mi=1.,m
v, 2

ecp1 v ecp;
where:
ecy ; — signifies the efficiency of crew p when performing work on process i,

p —number of process being supported,

i — crew number (supporting),
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m — total number of work crews.

The following figure number 1 presents the algorithm of the proposed model.

START

v

Entry of efficiency rates into a matrix

v

Step 1 - determination of matrices for: duration and blocks of
time

v

Step 2 - selection of downtime to be eliminated by using one
of four rules

v

Step 3 - feasibility analysis of downtime elimination for a
specific period

v

Stop condition

\LNO

Step 4 - cone?tlon of task YES
duration

END

Fig. 1. Algorithm to eliminate downtime

The presented algorithm has an iterative quality. Further steps of this algorithm will be described

later on in this chapter

2.2.STEP 1

A matrix of task duration and a matrix of time stores must be determined. Matrices are determined
based on analysis of a network model selected to optimize the job schedule. The model is analyzed

by the CPM method. It is assumed that the basic unit in this schedule is one day.
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w0 t1,1 tl Jj
2.2) Ty =" i Li=1.mj=1.,n
tin ot
[tfi1 - thi
2.3) TEY = | iz ami=10n
J
| tfin o tfi
where:
Tig.c) — matrix of task duration,
TFL.,(]{() — matrix of total float,
k — number of iterations,
j — lot number,
n —number of work lots.
2.3. STEP 2

The goal of the second step of the algorithm is the extraction of work crew stoppage, which needs
to be eliminated. In this presented research it is proposed that four rules can be used to eliminate

crew idle time

2.3.1. RULE 1

It is accepted in this rule that the schedule will be searched “top to bottom” and “left to right.” This
is the most commonly used assumption when searching matrices, for example when searching for
the highest value. In order to identify a crew with idle time, the algorithm below should be used:

. i=1,

2. Set the value of t]ciFf),

3. If the value of tfl(lk ) = 0 then i := i + 1 needs to return to step 2 of the the algorithm.

4. Value i for which l,“fl(ic ) % 0 returns the crew number with idle time.
We learn in this step of the algorithm that the selected crew has downtime. We know that downtime
is caused by work taking long by the preceding crew. Having a crew with downtime identified, we
must also identify its first stop. In order to accomplish this, the author recommends using the

following short algorithm:
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1. The value of i is constant and is set by the previous short algorithm, j = 1,

2. Set the value of t£) — t£0),.

3. If tfl(]k) - i,(](?-l = 0 then j := j + 1 and return to step 2 of the algorithm.

4. The value j for which tfi(}() - fl(}k+)1 #+ 0 produces the project number after which crew

number i has downtime.

2.3.2. RULE 2

The crew selection is done using a matrix of overall time stores. The largest period of downtime

will be selected first. Crew selection needs to be done based on this dependency:

(2.4) 0 — ) ji=1.,mj=1..n

_ & _ X
P+ = mi’zjax [tfi’j tf;

Lj+1

If a few periods of downtime have the same length in time, the first one found will be selected. For

the selectedtffjk ) tfif].kzl the value j gives the project number after which crew i has downtime.

2.3.3. RULE 3

This is another rule that is similar to the one described above. Similarly as with the previous crew,
the selection is performed using matrices of overall time stores. The smallest period of downtime

will be selected first. Crew selection needs to be performed using the formula below:

Q) (€2 (k) (k) L= L=
2.5) tfiJ. - tfij+1 = rrllin [(tfu - tfi'jﬂ) > 0],1 =1..mj=1..,n

f downtime periods will be of the same length, the first one found should be selected. For the

chosen tfi’(}() - fﬁ-,(ffl value j sets the project number after which crew i has a period of downtime.

2.3.4. RULE 4

This rule is based on the assumption that periods of downtime will be chosen randomly. The rule

depends on the approach that a random downtime period is selected from the total pool of downtime
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periods, then moves onto the next step of the algorithm. Thus, one must randomly select the

following

k k
26) i, =t > 0

For selected tfl.'(f) - tfi,(]{c+)1 value j sets the project number after which crew i has a period of

downtime.

2.4. STEP3

The period of downtime is generated by activity being performed by a preceding crew. In order to

eliminate this downtime, time to execute a task must be shortened by a value equal

(k) (k)
totf;” = tfij
In order to determine all possible variants of downtime elimination, it is necessary to create
collection A®)containing days during which downtime can be eliminated, that is the start date of the

preceding task to its completion. Boundaries of this collection can be set with the using the

following dependency:

2.7 Lower boundary = ESi(fi’j oy
(2.8) Upper boundary = EFi(l?,jH,

Having collection A® populated, we must move onto populating set B)((k) where information
information about subsequent periods of downtime are contained. Downtime information for
remaining work crews can be used to reduce work time for the preceding crew. Index x tells us
about the identification number of the next variant. In order to set variant boundaries, the following

dependencies should be used:

2.9) Lower boundary — EFi(;);i =i,.,mj=1.,n—-1

(2.10) Upper boundary — ESi(ﬁl;i =i.,nj=1.,n-1,

Having all collections B,Ek) set, the following needs to be determined:
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@2.11) DY = AW A BWx =1, .., 2,

where:

z — the number of earlier set variants.

Consequently, the value of |D)(ck)| must be set describing the cardinal number of collection D,((k).

The penultimate element of the third step is the designation of possible variants of shortening the
preceding task. These variants are set by the dependency below:
(2.12) XANYNZ

where:

000+ — |D)(Ck)|

2.13) x=( o] < || - I

* ECp’l'J

where:

|A(k)| — cardinal number of set A%,

The first term of the formula is responsible for a situation where the possible time reduction is less
than or equal to half of the time length of a task being shortened. The use of rounding down (| )
has the purpose of keeping the basic unit of the schedule as an integer.

The second term of the formula is responsible for the situation where a length of time is longer than
the task duration. Such an operation does not make sense because we would stretch out work time

for the supporting crew without shortening work time for the crew being supported.

( 1o O(k)+ l|D(k)|] 0( - H| (k)|] ety w
e
l { . |D(k)| | (k)| A
kecpl¢1—>0()+=[ } ” }*ecm/

(097 =0-0®* =0)

(.14) Y =
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Two elements are contained in the second term. The first one is responsible for shortening the
duration of work for the crew being supported and lengthening the duration of work for the
supporting crew. The second element is responsible for the elimination of a case where the duration
of work of the supporting is extended without shortening the duration of work of the supported
crew.

The role of the last term of the dependency is the case where work of the supported crew is
excessively shortened as a result of the mathematical model. Such a shortening of work time would

cause unnecessary involvement by the supporting crew.

0+ — [(ffﬂ‘)— ffﬁl)}
Ut o | i)

2.15) z= 0" > (£ - t£5,) - e
0" = P - i,
The use of rounding up ([ 1) has the purpose of keeping the base unit of the schedule as an integer.
The last element of the third step is the selection of the optimal variant. In order to choose the best
one, the following rules must be followed:
e The variant that allows a task be shortened the most should be chosen
e If a few variants shorten the preceding task by the same amount, the one with the highest
efficiency rate should be selected
e However, if a situation arises where variants are equivalent in terms of both time savings
and efficiency, a variant where the supporting crew has a lower index i, meaning the crew
that occurs first
If is also possible that a situation arises where no option to shorten a crew’s downtime is produced.
In that case, it is necessary to return to the third step of the algorithm and search for the next period

of downtime. All operations from the step 3 of the algorithm must then be performed on this

downtime period.
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2.5. STOP CONDITION

There is also a situation where a schedule cannot have any periods of downtime eliminated for a
particular crew. In that instance the next crew, with an index number i increased by 1, should start
being evaluated by returning to the second step of the algorithm.

If i = m is reached and j = n and no time optimizations are found, that means that no further
optimization is possible and the algorithm must be stopped.

If however an opportunity to shorten a task is yielded, it is necessary to move onto step 4 of the

algorithm.

2.6. STEP 4

Task duration adjustments occur during the 4th step of the algorithm. These adjustments are
performed using the dependency below:

(+1) (k) (k)—
(2.16) ti—l,j+1 - ti—1,j+1 =0,

The task ADt must be added to the network model and its length will be equal to O,Sk)Jr. The task

must be put in place of period of downtime B)Ek).
(2.17) ADt = 0%,

If the condition “X” was used in order to set the length of time being shortened, it is necessary to

check an additional condition based on the new network model:

(k+1)
i-1,j+1

(2.18) EF(t ) < EF(ADY),

If it is true, the reduction must be set based on the condition “Y” and compared with other variants.
With the best variant being selected proceed to the beginning of step 4, calculate dates, and rebuild

the network model.
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3. EXAMPLES OF USAGE

In the table below, task durations are shown on following workspaces. The sorting was achieved by
using KASS v.2.2 software. [4]
Table 1. Input data based on KASS v.2.2

Workspace 1 Workspace 2 Workspace 3 Workspace 4
Plaster board 6 5 6 5
Cover strips 3 2 3 2
Windows 1 1 1 1
Doors 1 1 1 1

The initial schedule is featured on the illustration below. It will be subjected to optimization with

the use of the earlier mentioned model.

T e ez Tamans Gy " e p o p— fro
adania Janssczssu | o 1 1o L' fowlslelplalalalmlolelalolalalalilelolelalalullelolalalalalalelalslalnle
L m Canstruction 2dn 0o
7 m Plasterboard  22dn Odn
) Workspace 1 6dn odn
T m Workspace2 5 dn odn
s (m Workspace3 6 dn 0
6 - Workspaced 5 dn odn ¥ "
) Coversips  18dn  0dn T i 1
- Workspace 1 3dn sdn .
s m Workspace 2 2¢n 6dn |
0 e Workspace 3 3dn 2dn -
n e Workcpace s 2dn odn 5
Windows dn 0dn 1
5w Workepace 1 1¢ 124
#om Workspace2  1dtien  9cn ¥ —
5w Worlcpace3  1dsen  3dn -
3 m Workspaced  1ddie  Odn ———
7w Doors 1dn  Odn r
B, Workspace1  1dien  12dn —
1w Worcpace2  1dzien  9cn )
20 m Workspace 3 1dien 3¢ ———
i, Workspace 4 1diien  Ocn

Fig. 2. Initial work schedule

Before we move onto the next step of the algorithm, we must define the matrix of efficiency rates

EC,;, which is shown below:

D,i>
1 08 07 07
1o 1 07 07
EGi=1y o 1 0,8
0 0 0 1

Next, we can move onto the first step of the first iteration of the algorithm.
Iteration 1

Step 1
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6 5 6 5
@w_|13 2 3 2
Ti=h 111
1 1 1 1
[0 0 0 O
m_|8 6 2 0
Th; = 12 9 3 0
(12 9 3 0
Step 2
Rule 1
tfy =6
oy —thy =6-2=4
Step 3
AM = {12,13,14,15,16,17}
BYW = {10,11}; B{” = {14,15,16,17}; B{Y = (21,22}
BM = {11,12,13}; B = {15,16,17,18,19,20}; B = {21,22,23}
B = (12,13,14}; B{" = {16,17,18,19,20,21}; B" = (23,24,25)
DY ={ %DM = (14,1516,17}; DV = { }
DY = (12,13}, DY = {15,16,17;; D) = { }
D = {12,13,14}; D{" = {16,17}; DY = { }
[ ec,, = 1 = Not applicable
AD €) €)
"] > | lj_’l e _ |12 w-_ ||l A
€12 1 0; =T=2;02 ==

*xeciy| = 1/

(0P =0- 0" =0)

o) |14 0" = || =2

|D4 | < 2 | - 0‘51)— _ “D‘El) N €C1,3J =[2%07]=1
o) < [14°) 051 = pg”] =3

|D5 | < 2 | d Oél)_ — “Ds(l) % 8C1,3J =12%0,7] =2
e s

|D7 | < 2 | - 07(1)— — “D;l) % €C1,4.J = |_2 * O,7J =2
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@ MJ 03" = |pg"| =2
|D8 | < l 2 - Oél)— _ “Dél) " 9C1,4J =207 =1

Selected variant Dgl) .
Step 4
t2 =t -0 =6-2=14

ADt = 0" =3

(EF (£/5™) = 15) < (BF(4Dt) = 17) » 0{P* = 20" =1

Variant Dgl) must be selected
t2 =t -0 =6-2=4
ADt =0V =3
(EF (tff‘;l)) = 15) < (EF(ADY) = 17) » 0% = 2,097 =1
This results in the fact that variant Dgl) must be chosen, which uses a crew with a higher efficiency
rate
t =t -0’ =6-1=5
ADt = 0V =2

Resulting schedules are shown on the illustrations below, which were produced by using the four

rules described in this paper.

N AP e AV i SPETE :
-
3dn 2dn % A
1 drier 3dn -
2dn 2dn . 1—
W 1d: 3dn v —
Workspace 4 1 dzied 0dn ) -

Fig. 3. Resulting schedule with the use of rule number 1
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5 ok Nemazadans Cos trwania[Cakonity e Eres e

e P 1
Parerbows  19n odn ' )
Worsmcai  6dn odn ——
Wokemeez s odn
‘Workspace 3 adn 0dn e———
Coversiips 15an oen ! .
Wosmai 2dn 2dn
Wokomeez 20 odn
Wodopace3 240 on ——
Worapaces  2an odn
Woipaeed 240 odn ]
Moot
Windows | 13an oen
Workspace 3 2an 30 fU—
vt
Wokomeez  zdn 2dn |
Cover s
Workspace 3 1 dzier 3dn
Worcpace s 1dten odn
boor B o
Wordpace2  1den s -
Worspace s 1dren ocn
Fig. 4. Resulting schedule with the use of rule number 2
omcion  zan oan : ;
veerboand  sadn odn
woricrste 1 san odn
Wospace2 s odn
Wormce3 adn e
Worapaces a0
o aad odn
Woepoce1  sdn 240
Woiee2  zan odn
Worroce3  2dn Odn
Ponersonrd
Wonapsee3 3an oan
Wormaced  2dn odn
Windows - d2dn odn
Workspace 1 1dzien 3dn
Workspace3  2an 2dn |
it
e Worapsted  2dn Ldmen 1
5 - Wokepaces  1dueé 1duan
B Worlspaced  Ldried  0dn ]
D im  bom e od
a .H Workspace 1 1dzien 6dn
= woimaz  1dif  3dn
5 Workspaced  2dn 3dn .H_l
vl
Fm Workapeces  1diet 1dien
= Woapaies franan oan
Fig. 5. Resulting schedule with the use of rule number 3
1le Construction 23dn 0dn [ 1
z - Plaster board 19dn Odn r 1
5l Workspace1 G dn adn ————————
4 |m Workspace 2 5dn Odn
5w Workspace 3 adn 0dn
6 |m Workspace 4. 4dn 0dn
7 . Cover strips. 15dn Odn L 1
e m Workspace 1 3dn 24n
9 |mg Workspace2  2dn 2dn
D fmg Workspace3  2dn odn
n e Workspace 4 2dn odn i
Plaster board
12 |wy Workspace 4 2dn 0dn
13 |y ‘Windows. 13dn 0dn r 1
- Worgasel  1dged 24
135 |mm Workspace 3 2dn 2dn
Plaster board
6 ey Workspace2 1 driefi 3dn
e Woriapaies 240 24 |
18 |y Workspace 3 1dzien 3dn
5= Wotlspaces  1dcef odn —
»m oo ne o .
2 |m Workspace 1 1dziei  2dn
2 - Wotspaces 240 2dn
iseter o
= |m Workspace2  1dzied  6dn hﬁ
3 |my Workspace 3 1dzied 3dn
= - Worispaces  14zef ot

Fig. 6. Resulting schedule with the use of rule number 4
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Table 2. Table form summary of obtained results

Schedule Duration Total slack
Base 26 32
R1 22 12
R2 23 16
R3 22 12
R4 23 16

The results obtained in the presented example demonstrates that instances of downtime can be
reduced by anywhere from 50 to 70 percent, depending on the rule being used. This is clearly a very
rewarding result. In addition, the overall project duration is shortened by 12 or 15 percent,

depending on which rule is used.

3. SUMMARY

This paper has presented a newly devised algorithm for optimizing construction project schedules
using the flow shop model. The sorting of tasks was not the focus of this research, as this issue has
already been solved. The problem being solved by the new algorithm is how to reduce the number
of times work is halted for crews on a given project. This paper presents an algorithm for this
model. Four methods are offered to search the network model. The developed model allows the use
of efficiency dependencies. The model assumes a higher rank to more efficient crews when
assigning work. The results presented in table 2 demonstrates that instances of downtime can be
reduced by anywhere from 50 to 70 percent, depending on the rule being used. This is clearly a very
rewarding result. In addition, the overall project duration is shortened by 12 or 15 percent,
depending on which rule is used. Due to the results obtained by this research, it can be ascertained

that this model can be successfully used in construction.
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OPTYMALIZACJA HARMONOGRAMOW WYKONYWANYCH METODA POTOKOWA PRZY
ZAELOZONEJ WIELOZADANIOWOSCI BRYGAD ROBOCZYCH

Stowa kluczowe: harmogramowanie, modele potokowe, wielozadaniowos¢ brygad roboczych, cigglos¢ pracy brygad

STRESZCZENIE

Harmonogramowanie przedsigwzi¢¢ wieloobiektowych jest tematem wielu prac naukowych z zakresu inzynierii
przedsigwzig¢ budowlanych. Podstawowym zatozeniem jest organizacja robdt przy zastosowaniu metody potokowej, a
wiec takiej w ktorej mamy do czynienia z brygadami wykonujacymi prace kolejno po sobie i przechodzacymi
pomigdzy poszczegdlnymi dziatkami roboczymi. Pierwszym krokiem jaki nalezy wykona¢ jest opracowanie
harmonogramu bazowego. Chcac wykonac jego optymalizacje w pierwszej kolejnosci wykonuje si¢ szeregowanie
zadan majace na celu ustalenie wlasciwej kolejnosci przechodzenia brygad pomigdzy dziatkami roboczymi, czyli
ustalenie kolejnosci dziatek roboczych. Ta czg¢$¢ optymalizacji mozna wykona¢ m. in. z zastosowaniem sprz¢zen
czasowych, mozna postuzy¢ si¢ kolejnosciowaniem z zastosowaniem kryterium czasowo-kosztowego, mozliwe jest
réwniez na przyktad zastosowanie zagadnienia komiwojazera. Swoje zastosowanie moga znalez¢ tutaj zaréwno modele
stosowane w produkcji przemystowej jak rowniez modele oparte na metodach z zakresu metod sztucznej inteligencji.
Probe rozwigzania zadania z zastosowaniem techniki przegladu zupelnego podejmowatl réwniez autor w swoich
weczesniejszych pracach.

Zastosowanie wymienionych wcze$niej metod nie gwarantuje jednak uzyskania cigglosci w pracy brygad przy
rownoczesnej ciaggtosci w pracach na frontach roboczych. Przy odpowiednio niekorzystnych danych wejsciowych,
wynikajacych z technologicznych zalezno$ci budowlanych, ciagle mozliwe jest wystapienie przestoi w pracach. Chcac
je wyeliminowa¢ najprostszym zabiegiem moze by¢ zmiana wielko$ci zatrudnienia $rodkéw produkcji majaca na celu
przyspieszenie proceséw generujacych przestoje. Moze si¢ jednak okazaé ze taki zabieg nie jest mozliwy z réznych
wzgledow takich jak ograniczona wielko$¢ zaplecza nie pozwalajaca na zwigkszenie zatrudnienia czy tez bariery
technologiczne.

Wymienione wczesniej metody opieraja si¢ o zatozenie jednozadaniowo$ci brygad roboczych czyli ze dany zespot
przypisany jest do jednego rodzaju zadania. W praktyce budowlanej mozna jednak zauwazy¢ ze czesto brygada ktora
powoduje przestdj w pracy brygady nastgpujacej jest przez nig wspomagana. Zdaniem autora warto zatem opracowac
model pozwalajacy na przyporzadkowanie dodatkowych prac brygadom z przestojami juz na etapie projektowania
harmonogramu wykonywania robot. Model taki zostal zaprezentowany w dalszej czgsci artykutu.

Zatozeniem metody jest ze kiedy brygada wspomaga inng brygade jej wydajno$¢ na wykonywanym procesie moze by¢

taka sama jak brygady podstawowej lub mniejsza. Wydajno$ci charakteryzuje macierz wydajnosci EC,,;

eci1 el

(€8] ECp,iz[ ];pzl,...,m;izl,...,m

€Cp1

gdzie:
ecp,,; — oznacza wydajno$¢ brygady p przy wykonywaniu prac na procesie i

p — numer wspomaganego procesu,
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i — numer brygady (wspomagajacej),
m — taczna liczba brygad roboczych.

Na ponizszym rysunku przedstawiono algorytm metody likwidacji przestojow w pracach brygad roboczych.

START

v

Wprowadzenie macierzy wspotczynnikéw wydajnosci

v

Krok 1 — wyznaczenie macierzy: czasOw trwania i catkowitych
zapasow czasu

v

Krok 2 — wybor przestoju do likwidacji przy zastosowaniu
jednej z 4 regut

v

Krok 3 — analiza mozliwosci likwidacji wybranego przestoju

v

Warunek zatrzymania

\1, NIE

Krok 4 —}korekta cza§éw TAK
trwania czynnosci

KONIEC

Fig. 1. Algorytm metody likwidacji przestojow

W przedstawionym artykule zaprezentowano nowo opracowany algorytm optymalizacji harmonograméw budowlanych
wykonywanych przy zalozeniu organizacji metoda potokowa. Zadaniem nowego algorytmu jest takie przypisanie pracy
brygadom majacym przestoje ktore spowoduje zmniejszenie ich catkowitej liczby. Zaproponowano cztery rozne reguty
przeszukiwania modelu sieciowego. Opracowany model pozwala na wprowadzenie zaleznosci wydajnosciowych.
Model w swoim zatozeniu przyporzadkowuje w pierwszej kolejnosci prace brygadom o najwigkszej wydajnosci.
Zaprezentowane wyniki pokazuja ze w zaleznosci od zaproponowanej reguly zmniejszenia przestoi wahaja si¢ od 50 do
75 procent co mozna z pewnoscig uzna¢ za wynik satysfakcjonujacy. Dodatkowo skréceniu ulegt calkowity czas
realizacji przedsigwzigcia, tu wartosci wynosza odpowiednio 12 i 15 procent. Ze wzgledu na otrzymane wyniki mozna

stwierdzi¢ ze opracowany model moze z powodzeniem by¢ zastosowany w budownictwie.



