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RANDOM AND FUZZY MEASURE OF UNPREDICTABLE
CONSTRUCTION WORKS

J. KONIOR!

Supplementing well recognised practical models of project and construction management, based on probabilistic
and fuzzy events may make possible to transfer the weight of the change and extra orders assessment from the
qualitative form to a quantitative one. This assessment, however, is naturally burdened with an immeasurable,
subjective aspect. Elaboration of probability of occurrence in a construction project unforeseen building works
requires application (in addition to the non-measureable, qualitative criteria) of measurable (quantitative) criteria
which still appear during construction project implementation. In reimbursable engineering contracts, a random
event described as an extra, supplementary building work has a random character and occurs with a specific
likelihood. In lump sum contracts, on the other hand, such a random event has a fuzzy character and its
occurrence is defined in a linear manner by the function of affiliation to the set of fuzzy events being identical
with unforeseen events. The strive for quantitative presentation of criteria regarded by nature as qualitative and
the intention to determine relations between them led to the application of the fuzzy sets theory to this issue.
Their properties enable description of the unforeseen works of construction projects in an unambiguous,

quantitative way.
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1. INTRODUCTION. CERTAIN, RISKY, UNCERTAIN AND FUZZY STATES

While performing technical inspection of buildings, experts face problems of working on the

qualitative (immeasurable data) basis rather than on a quantitative one.
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The decision making theory presents a classical division of such situations that have been presented
from three following points of view by originators of fuzzy sets theory [3], [12], [13], [14], [15]:

— Degree of uncertainties;

— Number of experts;

— Number of decision making phases.
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Fig. 1. Classification scheme of decision making tasks in conditions of uncertainty

In the axis ‘level of uncertainty’ in Figure 1, the following decisions pertaining to uncertain and
fuzzy situations have been marked:

— certainties: the entire information describing the decision making process has deterministic
character, which means that possibilities of decision choice are precisely known; decision
making in such a case is limited to maximizing of the usefulness function in the value
analysis;

— risk: the entire information describing the decision making process is probabilistic, i.e.
probability distributions are easily applied; the decision making process stands for
optimization of the expected value of usefulness function;

— uncertainties: even the probability distributions are unknown; the decision making relies on
application of min-max strategy to ensure the best possible value of usefulness in the worst
expected conditions;

— fuzzy state: uncertainties tackle not only the existence of an event appearance but its overall
meaning that cannot be described by probabilistic methods.

Some other combinations are possible, e.g. by adding risk to uncertainties.
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In the axis ‘number of experts’ the following situations have been shown: one decision maker, two,
and many. If there are more than one decision maker than they may be representative of more
groups or organisations that cannot be treated as a uniform group because their interests may stay in
conflict with one another by representing different points of view.

In the axis ‘number of decision making phases’ there are two fundamental situations: one phase and
many phases. They reflect the problem in both aspects - static and dynamic.

By combining these groups of situations shown in three axes in Fig. 1 all possible states of making
decision have been elaborated, e.g.: ‘certainties — one decision expert — one phase of decision
making process’, ‘risk — two experts — many decision phases’, ‘uncertainties — two experts — one
decision phase’, etc. These combinations cover all areas of decision making theories, e.g.: two-
player games, N-player games, multiphase decision making process, etc. Unfortunately, not all of
these states of making decisions are fully described by mathematical models and confirmed by
practical applications. It is generally said that the further the experts go along the axis the less
recognized the states of making decision process are.

To sum up, the paper presents an approach to management situation quite commonly met though
difficult in construction lump — sum contracts: ‘fuzziness — many experts — many phase of decision

making process’ [3].

2. REASONS FOR OCCURRENCE OF UNFORESEEN CONSTRUCTION WORKS
IN INVESTMENT PROCESS

Regardless of the character of predictability of the phenomenon in question the reasons for the
occurrence of the supplementary and variation (unforeseen) works were referred to as faults. The
faults — whether deliberate or not — may be included in the following groups depending on the cause
of their occurrence and the liability of the investment process participants [1], [4]:

— Zyj—investor’s faults

—  Zaj— designer’s faults

— Zsj— contractor’s faults

—  Zsj— construction authorities faults
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3. VARIATION WORKS AND SUPPLEMENTARY WORKS AS FUZZY EVENTS

3.1. FUZZY SETS AND FUZZY EVENTS

The main notion from the theory used in the paper is the fuzzy set notion [3], [12], [13], [14], [15]:.
The fuzzy set may be defined in this most straightforward manner: A fuzzy set is such a set A
whose elements x are characterized by the lack of a sharp limit between the affiliation and non-
affiliation of x to the set A. The degree of affiliation of an element x to the fuzzy set A is described
by a function pa(x) known as the affiliation function. Function pa(x) accepts values from the
interval [0,1], while:
pa(x) =0 denotes the absence of any affiliation of x to A,
pa(x) =1 denotes full affiliation of x to A.
The fuzzy set A in a certain space (in this paper it is a range of events that result in the occurrence of
the supplementary and the variation building works) X = {x}, expressed as A < X, is referred to as
a set of pairs:
A ={(pax), x)}, vV xeX.
Thus, two main fuzzy sets can be distinguished in the discussion that follows:
— a fuzzy set of events (faults) that cause unforeseen building works A < Z:
Z={(nx2), 2)}, V zeZ;
— a fuzzy set of the supplementary and the variation building works B < U:
U = {(pu(u), u)}, V uel.
In the paper, the approach proposed by Zadeh [14], [15] was used, who defined probabilities of
occurrence of fuzzy events in the form of real numbers from the interval [0,1]. Thus, the probability
of a fuzzy event, which generates a fault leading to the occurrence of the unforeseen building works

during the project implementation, was defined as follows:

3.1 P(Z) =Zn: p(zi)pz(zi), when Z = {zi} = {z1, z2, ... , Zn}

i=1
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For the fault assumed as an event equivalent, the need for the execution of the variation and the
supplementary works as a fuzzy event is a probability that can be expressed with an identical

relation:

(3.2) P(U)=2 p(u)uu(w), when U= {u} = {u, uz, ... , Um}

=l

3.2. FUZZY RELATIONS AND THEIR BASIC PROPERTIES

Conventional (non-fuzzy) sets enabled adequate expression of certain precisely defined properties
of theoretical and observed conditions. The relation (non-fuzzy) enabled adequate expression of
precisely defined interdependence between variables of these conditions (if such dependences
existed) [10].

The problem appeared when it was necessary to express interdependences that were defined not
very precisely, e.g.:. What is the impact (cause) of faults on the need to execute variation and
supplementary building works? The notion of a fuzzy relation was used to define the problem and
record parameters of the phenomenon. Each pair of arguments (X,y)<>(z,u) was assigned with a
degree (measure) of affiliation that expresses intensity of occurrence of relations between Z and U,
that is how Z depends on U, i.e. what interdependences (correlations) occur between them. It was
assumed that Z and U as unsharp sets, determined under conditions of fuzziness, may be in a certain
relation with one another. As a result, the fuzzy relation was defined as follows [2]:

A two-argument fuzzy relation R between two sets Z={z} and U={u} is a relation defined as a

fuzzy set determined on the Cartesian product ZxU:
(3.3) RcZxU={(z,u):ze Z,u e U}
it is thus a set of pairs:

(3.4 R = {(pr(z, v), (z, 0))}, V zeZ, V uelU
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where pur: ZxU—[0,1] is an affiliation function of the fuzzy relation R attributing each pair (z,u):
zeZ ueU, with its affiliation degree pr(z,u)e[0,1], being a measure of intensity of the fuzzy
relation R between Z and U.

The fuzzy relation may therefore be presented as follows:

(3.5) R=Y uR(z u)/(z,u)

The main fuzzy relation, defined at a general level in this paper, is the relation pertaining to
generating faults Z and the occurrence of unforeseen works U during the construction execution. A
measure of relation between Z and U are values equivalent to the affiliation degree pr<>uzu. The
fuzzy relation R=ZxU defined in this manner was presented as a fuzzy relation matrix.
The matrix components, representing fuzzy relations between Z and U inform us about the degree to
which the fuzzy event of making design, contractor’s and other faults (expressed by the intensity of
occurrence of these faults) has an impact on the scale (degree) of the supplementary and variation
works in relation to the basic (foreseen) works.
For all fuzzy relations RcZxU the following parameters were determined in fuzzy relation matrix
R=7ZxU:

— domain of a fuzzy function RcZxU, referred to as the first projection of the fuzzy function

and marked as ‘dom R’:
(3.6) pdomr(z) =V pr(z, v) ©V zi = max{zi, za, ... ,zn}
zeZ i=1

— range of fuzzy relation ReZxU, referred to as the second projection of the fuzzy relation and

marked as ‘ran R’:

m

3.7) pranr(0) =V pr(z, u) <V uj = max{ui, uz, ... ,um}
uel j=1

— height of fuzzy relation ReZxU, referred to as the global projection of the fuzzy relation and
marked as h(R)
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(3.8) h(R) =V Haomr(z) = V Hranr(W) =V 'V pr(z, u)

z€Z uel zeZ uel

and, when h(R) = 1 then the fuzzy relation is normal and, if h(R) <1 it is subnormal.

4. CAUSE — EFFECT FUZZY MODEL IN LUMP-SUM CONSTRUCTION
CONTRACTS

Thus, a decision was made to make an attempt on a practical solution (while still treating sets U and
Z as fuzzy ones), that involved application of the so called fuzzy relation equations that are
particularly useful in diagnostics of conditional phenomena, i.e. cause - effect relations [9], [11].
A preliminary assumption was made that in the process of the practical assessment of the
occurrence of the variation and the supplementary building works, the making of a fault represents
the cause (Z) and the need for bearing additional, unforeseen project works represents the effect (U)
in the analysis and the control of costs that progress in an increasing manner in the construction
project.
There were 19 similar projects — industrial green field plants, approximately 10.000 square meters
area each, with around 10 mln € budget — selected, investigated and researched to describe relation
between project 25 faults impacts and affiliation of 10 typical unforeseen construction works of
investigated lump-sum projects [5].
Typical unforeseen (extra, additional) project activities in construction have been defined as fuzzy
events as follows:

— Ui — change of functional program

— Uz —application for new permits

— Uz —updated arrangements with local authorities

— Us — amended design works

— Us — extra ground and compound works

— Us — extra works of building structure

— Uy — extra installation works

— Usg — extra finishing works

— Uy — extra works of building surroundings

— Ui — delays and difficulties with commissioning and maintenance
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All fuzzy relations RcZxU corresponding to 25 indicated faults Zj in 4 groups and 10 typical
unforeseen construction activities Uj have been determined in fuzzy relation matrix R=ZxU

presented in the table 1.

Table 1. Matrix of fuzzy relation R = Z x U for 10 typical projects unforeseen works
and 25 of their selected faults
Ly | Zy | Zis | Zag | Zas | Zag | Zoy | Zny (2o | 2o | Zos | Zas | 27 | Zay | Zon | Zss | Zoa | Zss | Zso | Zs7 | Zay | Zax | Zas | Zas | Zas

U | 1.00 | 0.00 | 1.00 | 0.80 | 1.00 [ 1.00 | 0.00 | 0.00 | 0.15] 0.00 | 0.00 [ 0.00 [ 0.05 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.97 | 0,00 [ 0.35 | 0,00 | 0,00

U, | 065|037 [ 0.62 | 0.72 [ 0.82 | 0.89 | 0.51 | 0.35 | 0.65 | 0.00 | 0.00 [ 0.11 | 0.68 [ 0.00 | 0.00 | 0.00 | 0.28 | 0.00 | 0.00 | 0.00 {1.00 | 1.00 | 0.95 | 0.95 | 1.00

Us | 053 0.51 ) 0.35] 0.68 [ 0.65 | 0.78 | 0.53 | 0.89 | 0.51 | 0.00 | 0.00 [ 0.00 [ 0.52 | 0.00 | 0.00 [ 0.00 | 0.35| 0.00  0.00 | 0.00 | 1.00 | 1.00 [ 0.92 | 0.92 | 0.50

Us [ 085]0.58|0.72 (1.00 | 0.98 | 0.92 [ 0.52 | 0.92 | 0.98 | 0.85 [ 0.91 | 1.00 | 1.00 [ 0.15 | 0.17 | 0,00 | 1.00 [ 0.33 | 0.45 | 0.00 | 1.00 [ 1.00 | 0.96 | 0.95 | 0.92

Us | 0.88 [ 1.00 | 0.12 | 1.00 | 0.00 | 0.50 | 1.00 | 1.00 [ 0.22 | 0.38 | 0.32 [ 0.00 | 0.12 | 0.89 | 0.90 | 0.65 | 0.68 | 0.25 [ 0.25 | 0.33 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Us | 091 [ 092 | 0.88 |1.00 [ 0.12 | 0.65| 0.95 | 0.12 [ 1.00 | 0.39 | 0.37 [ 0.36 [ 0.68 | 0.93 | 0.85 [ 0.66 | 0.78 | 0.28 | 0.38 | 0.65 | 0.00 | 0.00 [ 0.65 | 0.00 | 0.00

U; | 0.90 [ 0.00 | 0.72 | 0.81 [ 0.69 | 0.35| 0.00 | 0.00 [ 0.00 | 0.34 | 0.32 [ 0.65 [ 0.52 | 0.95 | 0.96 [ 0.25 | 0.35 | 0.22 [ 0.52 | 0.23 | 0.00 | 0.00 | 0.12 | 0.32 | 0.00

Ug | 095 0.00 | 038 ] 0.58 [ 1.00 [ 0.92 | 0.00 | 0.00 [ 0.00 | 0.51 | 0.48 [ 0.88 [ 0.85 | 0.98 | 0.97 [ 0.35 | 0.51 | 0.12 { 0.58 | 0.25 | 0.00 | 0.00 | 0.14 | 0.23 | 0.00

Uy | 0.89 022 | 0.11] 0.26 [ 0.25 [ 0.26 | 0.21 | 0.89 | 0.00 | 0.25 | 0.21 [ 0.05 [ 0.03 | 0.78 | 0.85 [ 0.12 | 0.12 | 0.05 [ 0.15 | 0.13 | 0.00 [ 0.00 | 0.02 | 0.02 | 0.00

Uyo | 0.97 [ 0.66 | 0.52 | 0.78 | 0.88 [ 0.82 | 0.60 | 0.09 [ 0.68 | 0.12 | 0.11 | 1.00 [ 0.65 | 0.65 | 0.66 | 0.14 [ 0.65 | 0.09 | 0.72 | 0.16 | 0.35 | 0.99 | 1.00 [ 1.00 | 1.00

domain of fuzzy relation dom
R(Z)=1.00/Z11+1.00/Z12+1.00/Z13+1.00/Z14+1.00/Z15+1.00/Z16+1.00/Z21+1.00/222+1.00/Z23+0.85/724+0.91/Z25+1.00/226+1.00/227+0.98/Z31+0.97/Z32+0.
66/733+1.00/Z34+0.33/Z35+0.72/236+065/Z37+1.00/ZA1+1.00/Z42+1.00/Z43+1.00/Z44+1.00/ZA5

range of fuzzy relation ran R(Uy=1.00/U1+1.00/U2+1.00/U3+1.00/U4+1.00/U5+1.00/U6+0.96/U7+1.00/U8+0.89/U9+1.00/U10

height of fuzzy relation h{R(Zu)} =1.00

It was possible to calculate the range, the domain and the height of the fuzzy relations RcZxU as
quantitative values. There are three main conclusions from elaborating the relations RcZxU in
fuzzy sets categories [8]:

[7331)
1

— around 3/4 out of 250 Z;; and Uj relations pair are linked with each other in “i”” columns,
half of them with R over 0.5 which indicates significant alliances

— there is only one fuzzy category of fault Z;; (a poorly constructed business plan and an
underestimated project budget) which has had an overall and strong (R>0.5) impact on
fuzzy unforeseen works Ui.1o in all 19 investigated projects,

— the height h(R) of the tested fuzzy relations RcZxU is getting to normal (1) not only as

one maximum in the relation matrix but appears in 25 cases (10% of Z;j and Uj relations)
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5. FUZZINESS VERSUS RANDOMNESS

5.1. FUZZINESS VERSUS RANDOMNESS IN LITERATURE

It shall be stressed, that the author used a slightly simplified approach that attributed a fuzzy number
to the probability of fuzzy events, as opposed to the approach presented by Yager [12], [13]
according to which the probabilities are fuzzy events. It is important that no differences between the
notion of fuzziness and randomness were taken into consideration in the paper. It was only assumed
that despite the fact that these two phenomena are different and described in a different way, they
may (as two types of uncertainty) occur together [4], [7], [8].

The main rules of the fuzzy sets calculus shall be supplemented with the following comments: The
fact that the affiliation function of the fuzzy set assumes values from the interval [0,1] may prompt a
hasty conclusion that fuzziness is some hidden type of randomness, and therefore the fuzzy sets
theory is in fact nothing new when compared with the probability theory. Differences between the
fuzziness and the randomness concern, however, both their nature and formal differences between
the probabilistic calculation and the calculations in fuzzy sets. The nature of these phenomena is
related to the issue of uncertainty of the randomness and the fuzziness type. Thus, in the case of the
randomness, the event is precisely determined, whereas its occurrence is uncertain. The randomness
may, therefore, be identified with uncertainty as regards the affiliation or non—affiliation of an
element to the set (in the paper: faults in the unit price contracts). A different situation pertains to
the fuzziness, as it concerns the same degree of affiliation of an element to the set (in the paper:
faults in the lump sum contracts). Thus, an event is not strictly defined in this case. Such events,
analysed in the paper, are the faults that result in the possibility of occurrence of unforeseen works
reflected in the schedule of works for a construction project. The author is of a view that their nature

combines both the fuzziness and the randomness [4], [8].

5.2. FUZZINESS VERSUS RANDOMNESS IN CONSTRUCTION WORKS

The occurrence during the construction execution phase of works that were unforeseen at the project
preparation stage (known in the building industry as variation or supplementary works) is a common
element of the investment process [5], [6].

These undesirable, unforeseen events have their origins already during the tender procedure and the

creation of the form of the construction works contract between the Employer and the Contractor,
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regardless of whether the project is privately funded or represents a public procurement. The well-
known and commonly used engineering contracts, such as the FIDIC, the VOB, the NEC or the JCT
provide a choice of various systems for the funding and accounting of the building works covered
by the contract. With regard to the possibility of occurrence of the unforeseen works, the varied
forms of contracts may be divided in two groups A and B:

A. Contracts based on reimbursable costs (target fee), which by their nature provide for
the occurrence of the supplementary and the variation works that are subject of the as-
built accounting between the employer and the contractor. Here, the random event
described as an unforeseen building work has a random character and occurs with a
specific, determinable probability.

B. Lump sum (fixed fee) contracts according to which the need for the performance of
the variation and the supplementary works may arise only during the project execution
phase. In this case, the random event defined as an unforeseen building work has a
fuzzy character and its occurrence is defined by a linear function of affiliation in the
set of fuzzy events identical with the unforeseen events.

In Poland and Central Europe (also in case of 48 researched construction projects) the group b) of
lump sum engineering contracts takes an overwhelming majority over the group a), especially in the
area of non-public procurement. Therefore, it is so crucial to apply fuzzy sets models with their
fuzzy tools which makes possible to convert qualitative inputs of construction projects into

quantitative outputs priceless for construction enterprises cycle of their quality improvements

(5], [6].

6. SUMMARY

The approach presented in the paper — the methodological assumptions and the fuzzy sets method to
measure unpredictable construction works — should be treated as an exploratory work. Thus, it is an
attempt at the recognition of the mechanism of the reasons and effects of phenomena, which an
Employer, a Contractor and a Contract Engineer meet in the management of construction
enterprises. This assessment, however, is naturally burdened with an immeasurable, subjective
aspect. Supplementing well recognised practical models of project and construction management,
based on probabilistic and fuzzy events makes possible to transfer the weight of the variation and

the supplementary orders assessment from the qualitative form to a quantitative one. This applies
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mainly to the lump-sum, fix-fee construction projects where unforeseen works appear as fuzzy

events during the projects execution.

The

intention of the author is to carry out further work on project management and construction

procedures using the approach described above. Such method has been laid out, explained and

proved in the paper.
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MIARA PRAWDOPODOBNA I ROZMYTA ROBOT NIEPRZEWIDZIANYCH W BUDOWNICTWIE

Stowa kluczowe: budownictwo, roboty nieprzewidziane, przypadkowos¢, rozmytosé

STRESZCZENIE

Szacujac prawdopodobiefistwo wystapienia w przedsigwzigciu budowlanym zamiennych lub dodatkowych robét
budowlanych stosuje si¢ - oprocz kryteridw niemierzalnych (jakosciowych) - kryteria mierzalne (ilosciowe) wyrazone w
analizie przeptywu $rodkow finansowych w czasie realizacji przedsigwzigcia budowlanego.

W kontraktach inzynierskich powykonawczych zdarzenie losowe okreslone jako nieprzewidziana robota budowlana ma
charakter losowy i wystepuje z okreslonym prawdopodobiefistwem: w kontraktach ryczattowych natomiast takie
zdarzenie losowe ma charakter rozmyty i jego wystgpowanie jest okreslone liniowo funkcjg przynaleznosci do zbioru
zdarzen rozmytych tozsamych z nieprzewidzianymi. Dazenie do ilosciowego ujecia kryteridw z natury uchodzacych za
jakosciowe i ch¢é wyznaczenia panujacych migdzy nimi relacji, doprowadzilo do spojrzenia na zagadnienie
w kategoriach zbioréw rozmytych jako pochodna ujgcia probabilistycznego. Ich whasciwosci daja mozliwosé opisania

nieprzewidzianych - zamiennych i dodatkowych - rob6t budowlanych w jednoznacznym aspekcie ilosciowym.

1. ROZMYTOSC A PRZYPADKOWOSC W BUDOWLANYM PROCESIE INWESTYCYJNYM

Pojawianie si¢ na etapie realizacji obiektu budowlanego robét nieprzewidzianych w fazie przygotowania inwestycji,
zwanych w budownictwie robotami zamiennymi lub dodatkowymi, jest powszechnie wystepujacym elementem procesu
inwestycyjnego.

Natura wystepowania tych niepozadanych, nieprzewidzianych zdarzen bierze swoj poczatek juz w trakcie
prowadzonej procedury przetargowej i ksztaltowania formy umowy na wykonanie robdt budowlanych pomiedzy
zamawiajacym a wykonawca i to bez wzglgdu na to czy przedsigwzigcie jest finansowane ze srodkow prywatnych, czy
tez jest zamowieniem publicznym. Znane, powszechnie stosowane wzory kontraktow inzynierskich jak FIDIC, VOB,
NEC, JCT przewiduja wiele systemow finansowania i rozliczania robét budowlanych bedacych przedmiotem umowy. Z
punktu widzenia mozliwo$ci wystapienia robdt nieprzewidzianych, zréznicowane formy uméw mozna podzieli¢ na dwie
grupy A iB:

A. kontrakty oparte na kosztach zwracalnych (,,reimbursable”, ,target fee”), ktére od poczatku w swojej
istocie zaktadaja wystapienie robot dodatkowych i zamiennych, bedacych przedmiotem rozliczen
powykonawczych pomigdzy zamawiajacym a wykonawca; tu zdarzenie losowe opisane jako
nieprzewidziana robota budowlana ma charakter losowy i wystgpuje z okre§lonym, wyznaczalnym
prawdopodobienstwem;

B. kontrakty ryczaltowe (,,lump-sum”, fixed fee”), wedtug ktorych koniecznos¢ wykonania robot
zamiennych i dodatkowych moze pojawi¢ si¢ jedynie na etapie realizacji inwestycji; tu zdarzenie losowe
opisane jako nieprzewidziana robota budowlana ma charakter rozmyty i jej wystgpowanie jest okreslone

liniowo funkcja przynaleznosci do zbioru zdarzef rozmytych tozsamych z nieprzewidzianymi.
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Rozpoznanie przyczyn powodujacych pojawianie si¢ koniecznosci wykonania robot nieprzewidzianych w fazie
projektowania inwestycji jest zasadniczym wskazaniem do usprawnienia znanych modeli racjonalnego zarzadzania

przedsigwzigciem budowlanym i minimalizacji ryzyka wystapienia robot zamiennych i dodatkowych.

2. PRZYCZYNY WYSTEPOWANIA NIEPRZEWIDZIANYCH ROBOT BUDOWLANYCH

Niezaleznie od charakteru przewidywalnosci opisywanego zjawiska, przyczyny wystapienia budowlanych robdt
dodatkowych i zamiennych (nieprzewidzianych) nazwano bl¢dami. Bledy te — zamierzone lub niezamierzone — w
zaleznosci od zrodta ich wystgpowania i odpowiedzialno$ci uczestnikow procesu inwestycyjnego mozna sklasyfikowaé
W nastgpujace grupy:

—  Zij— bledy inwestora

—  Z— bledy projektanta

—  Z3j— bledy wykonawcy

—  Z4— bledy administracji budowlanej

3. ROZMYTY MODEL PRZYCZYNOWO — SKUTKOWY. PODSUMOWANIE

Przyjeto zatozenie, ze grupg bledow przyczynowych Z .41 grupg robot nieprzewidzianych, ktore te btedy powoduja U;
mozna oznaczy¢ jako dwa zbiory rozmyte Z i U pozostajace ze soba w relacji rozmytej i dajace si¢ opisaé¢ rownaniami
rozmytymi RcZxU i macierza relacji rozmytych R=ZxU.
19 podobnych przedsigwzigé budowlanych — nowo wznoszonych, przemystowych zakladow o powierzchni okoto
10.000 m2 kazdy, z budzetem inwestycyjnym okoto 40 min ztotych — wyodrgbniono jako probg badawcza do
wyznaczenia sity rozmytych powiazan blgdow przyczynowych i robot dodatkowych, ktore te bledy wywotaty w
analizowanych zadaniach inwestycyjnych.
Wyznaczono typowe, najczesciej wystgpujace nieprzewidziane, dodatkowe (uzupehiajace lub zamienne)

aktywno$ci w budowlanym procesie inwestycyjnym, opisane jako zdarzenia rozmyte:

—  U; — zmiana programu funkcjonalnego

— U, — wystapienie o pozwolenia budowlane zamienne

—  Us — aktualizacja uzgodnien z organami administracji budowlanej

— U, — prace projektowe zamienne i uzupeniajace

—  Us — dodatkowe roboty ziemne i placu budowy

— U — dodatkowe roboty konstrukcyjne

— Uy — dodatkowe roboty instalacyjne

—  Ug— dodatkowe roboty wykonczeniowe

— Uy — dodatkowe roboty terendéw przylegtych

—  Ujo— opdznienia w odbiorach i rozpoczeciu uzytkowania obiektu budowlanego
Wszystkie wyznaczone relacje rozmyte RcZxU, korespondujace z okreslonymi bledami przyczynowymi  Zj
w 4 grupach i 10 typowymi dodatkowymi dziataniami w zadaniach inwestycyjnych zostaly wyliczone i przedstawione w

macierzy relacji rozmytych R=ZxU.
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W ten sposob stato si¢ mozliwe obliczenie zakresu, domeny i wysokosci tak okreslonych relacji rozmytych jako
wartosci liczbowych, mierzalnych. Z analizy wyprowadzono trzy gtéwne wnioski:

— okoto % z 250 relacji Z;j i Uj jest parami powigzana ze soba, a potowa z nich wskazuje na silne rozmyte
zwiazki relacyjne z warto$cia R ponad 0.5;

— tylko jedna kategoria bledow przyczynowych Z;; (wadliwie skonstruowany biznes plan inwestycji i
niedoszacowany budzet zadania inwestycyjnego) wykazuje catkowity i silny (R>0.5) wptyw na wszystkie
nieprzewidziane dziatania inwestycyjne Uj.1o w 19 analizowanych przedsigwzigciach budowlanych;

—  wysokos$¢ badanych relacji rozmytych h(R) dochodzi do wartosci normalych (petnych jak w zdarzeniach

determistycznych), rownych 1 az w 25 przypadkach (10% relacji RcZxU).



