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Abstract: The constant increase in the population of cities a ects the development of housing. Investors, in
their activities related to the pro tfrom the sale of ats, focus on the completion of residential buildings, which
must be timely and in accordance with the budget assumptions. Therefore, there is a problem concerning
the correct planning of the costs and duration of an investment. The aim of the conducted research was
to determine the shape and course of the cost curves for construction projects related to the construction
of residential buildings. Based on the analysis of the authors’ own studies carried out in a homogeneous
research group of 11 residence buildings, an original attempt was made to determine the area of the curve,
which indicates the area of correct planning of cumulative costs and the forecasting of their deviations in
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project, and by using the proposed 6th degree polynomial, it is possible to determine the planned monthly
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planned work and expenditure advancement of the housing construction sector is greater in the rst stage
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advancement is approx. 46%, while the actual advancement is approx. 35%.
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1. Introduction

Residential buildings have always been the most popular form of architecture. Due to
their prevalence, they shape the image of cities and give them their general character [1].
Their operation should therefore be in accordance with their intended purpose, and also with
maintaining their appropriate technical [2] and aesthetic condition [3].

The constant increase in the population of cities a ects the development of housing [4].
New building structures, mostly residential ones, are still being built [5]. The Polish real estate
market is growing every year [6]. Data published by the Central Statistical O ce in Poland
indicate that in 2019 over 207,000 apartments with a total area of over 18 million m? were
completed. When calculating proportionally to the number of inhabitants, Poland ranks third
in Europe in terms of the number of built ats [7]. It is also worth noting that the data of the
Central Statistical O ce show that residential construction in Poland has been characterized
by high growth rates in the last ve years [8].

A large number of residential investments in this construction sector in 2019 brought a
record value of construction and assembly production, which amounted to over PLN 19.5 bil-
lion, including PLN 16.5 billion for investments related to the construction of multi-apartment
buildings and collective accommodation. Over 63% of completed apartments are intended for
sale or rent, which means that they were built by development companies. Due to the fact that a
construction developer operating in the private sector is focused on pro t from selling or renting
apartments, it is important to correctly plan the investment costs and e ectively monitor the im-
plementation and incurred nancial outlays. There are many methods for estimating/forecasting
costs related to the implementation of construction works, but they are very often complicated
and require a decision-maker to de ne various and often di cult to de ne variables, which
are in fact random events [9, 10]. Therefore, simple methods/models are sought in order to
determine, with a high probability, the costs of construction works.

The aim of the research was to determine the shape and course of the cost curves for
construction projects related to the construction of residential buildings. Based on the analysis
of the authors’ own studies, which were conducted in a homogeneous research group of 11
collective residential buildings, an original attempt was made to determine the area of the curve,
and also to indicate the area of correct planning of cumulative costs in construction investments.

2. Literature review

The implementation of each construction project takes place according to speci ¢ time
and cost parameters, and also in accordance with the established technical and quality re-
quirements [11, 12]. The timely implementation of construction projects and the reduction of
their completion time a ect the economic e ciency of an investment [13]. A company’s -
nancial liquidity is also in uenced by the correct planning of costs and nancial ows in the
implementation planning phase [14].

Therefore, an important element in planning construction projects is the correct planning
of the course of implementation in terms of their time and cost, in particular the correct devel-
opment of the Investor’s work and expenditure schedule (with speci c dates of commencement
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and completion of the investment, appropriate connections between tasks, a speci c duration
of individual tasks, and their costs of implementation) [15]. It is only a solid schedule of works,
namely a reasonable work and expenditure schedule that can increase work e ciency and en-
able contractors to properly execute a contract at the lowest cost [16]. Of course, veri cation of
the correctness of planned costs and investment time only takes place post factum , i.e. at the
end of the investment. Therefore, methods and tools that support planning are being sought.

In literature, there are many methods that are used to monitor construction projects. For
example, the Earned Value Method is a commonly used and veri ed method in construction
management practice [17,18]. The Earned Value Method (EVM) allows the progress of a
project’s implementation to be controlled with regards to its scope, cost and duration [19].
The assumption of this method is to compare the planned progress of design works (planned
scope) in the context of time (schedule) and cost (budget) to the actual implementation [20].
The method uses several indicators, such as: planned value (PV) also known as the budgeted
cost of work scheduled (BCWS), earned value (EV) also referred to as the budgeted cost of
work performed (BCWP), actual cost (AC) also known as the actual cost of work performed
(ACWP); appropriately determined deviations: schedule variance (SV), cost variance (CV);
indexes: schedule performance index (SPI), cost performance index (CPI); values: estimated at
completion (EAC) and estimated time at completion (ETTC), and also others [21, 22].

The main problem when applying the Earned Value Method is the di culty to correctly
determine or estimate the earned value (EV, BCWP). The earned value, also known as the
budgeted cost of work performed, is a measure of actual work progress, i.e. the cost of all
the work progress that was achieved within the project or its part, and which is calculated
until the date of the report, and expressed with regards to planned costs. This indicator allows
for the determination of how much the actual work would cost according to the plan. An
important issue is the correct determination of the actual advancement of works in relation
to the plan (schedule) [23]. Precise determination of this value is di cult and problematic,
because most often in engineering practice, the actual advancement of the performed works is
achieved by the Investor’s Supervision Inspector or Bank Investment Supervision estimating
the percentage progress of works. The subjective assessment of the progress of works is based
on the experience of the building inspectors. For many construction projects, the advancement
of works de ned in this way is the basis for the amount of construction works performed in a
given settlement period. The amount of works performed, which is approved by the Investor’s
Supervision Inspector and the Contractor, is the basis for invoicing the works. Therefore, very
often the earned value (EV, BCWP) equals the value of the actual costs of the works performed
(AC, ACWP). This means that EV = AC, and accordingly, the cumulative cost curves coincide.

The estimated earned costs and duration are not reliable in the rst period of the project,
but only stabilise in the second period in which, depending on the scenario adopted for further
work, they take real values with high accuracy. In addition, all indicators are calculated in
currency units, also deviation from the schedule, making it di cult to analyse and evaluate
the results. Where the implementation of the project exceeds the deadline, the method shall
show an irregularity which means it indicates that the project has been carried out as planned.
These di culties have contributed to the development of models and methods for more reliable
forecasting of the total cost and deadline of projects, e.g. by introducing a hybrid methodology
based on working packages and logical analysis of time [24], hybrid arti cial intelligence [25]
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or by taking into account the impact of unplanned time and cost variances on the cash ow of
the construction project [26].

Another, but equally e ective tool for measuring the utilization of the nancial outlays of a
construction project is the presentation of planned cash ows on a timeline using a cumulative
cost curve [27]. The cumulative cost curve shows the progress of the investment project from
the commencement of construction works until their completion. The cumulative cost is the
sum of the costs incurred by all resources assigned to a given task. Graphically, the cumulative
cost curve is attened in the initial and nal stages of the construction project, while in the
middle part it is steep, i.e. inclined at a large angle to the time axis. It resembles the shape of
the letter S , and therefore the name of the cumulative cost curve is the S curve [28].

Both presented techniques (the Earned Value Method, the cumulative cost curve), in their
basic application, are used to monitor and control the course of construction works. It should
be noted, however, that the subject of the research is not the monitoring of the implementation
of works, but the planning stage, which precedes the execution stage. Nevertheless, in order to
develop a model for planning the course of the cumulative cost curve, which re ects reality,
it is necessary to collect the required numerical data that contains all the information that is
relevant from the point of view of research. Moreover, the data set must contain a statistically
large number of measurements in order to constitute a certain pattern and reference point for
the generalization of the examined issue.

3. Research methodology

In order to solve the set research goal, a proprietary research methodology consisting of
5 stages was developed.

3.1. Acquiring data for research

In order to achieve the set goal of the research, it is necessary to obtain reliable and real
data concerning completed construction projects in the analysed homogeneous research group.
The basic data that characterizes the course of each investment project include:

the basic work and expenditure schedule, which includes a budget that is planned by
a Contractor of the construction works, and which was contracted in the construction
works contract, i.e. the cost of the investment and the duration of the investment project,
and

information about the actual course of the construction process, i.e. information provided
by the Contractor of construction works about the works performed in a given settlement
period. The information is provided at xed intervals (e.g. once a month) to the Investor,
Investor’s Supervision Inspector and/or Banking Investment Supervision.

Based on the basic work and expenditure schedule, it is possible to graphically present the
planned course of the cumulative cost curve, while on the basis of the monthly summary of
the amount of works performed, which includes the percentage advancement and the value
of works carried out in a given settlement period, it is possible to recreate the course of the
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implementation of works and to also develop the shape of the curve of the actual cumulative
costs.

As part of the conducted research, data was collected concerning 30 construction projects
belonging to 8 research groups, which correspond to 8 di erent investment sectors, i.e. 510
reports prepared by the Bank Investment Supervision participating in the course of the anal-
ysed construction projects. All the collected data presented in Table 1 refer to investments
implemented in Poland in the years 2006 2020.

Table 1. Summary of the number of analysed construction projects and obtained reports

Group Investment number Number of measurements
Al 16
A2 16
A3 16
A4 8
A5 15
A. Residential buildings A.6 15 188
A7 22
A8 18
A9 22
A.10 22
All 18
B.1 30
B. O ce buildings B.2 27 80
B.3 23
Ccl1 34
C. Hotel buildings C.2 6 57
Cc3 17
D.1 15
D.2 13
D.3 11
D. Commercial and Leisure Centres D.4 24 121
D.5 17
D.6 6
D.7 16
D.8 19
E. Logistic Centres El 8 16
E.2 8
F. Health Centres F.1 13 13
G. Production Plants G.1 25 25
H. Airport Developments H.1 10 10
TOTAL 510
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3.2. Development of the data base

On the basis of information collected in stage 1, it is possible to prepare a collective data
summary for each analysed construction project in the form of a two-dimensional table. In
the table, each successive row contains data concerning the subsequent reporting period. Each
dataset contains the following values:

the budgeted cost of work scheduled BCWS; determined for each individual examined
period i 2 (1;:::;n), where n is the number of settlement periods on the basis of the
Investor’s work and expenditure schedule. This value is expressed in the calculation
currency adopted for the given investment, e.g. PLN,

the cumulative value of the budgeted cost of work scheduled (Cecws;) obtained by
summing up all the values of the budgeted co;t(of work scheduled from the whole

analysed period according to formula Cgcws = BCWS;. This value is expressed in

the calculation currency adopted for the given in\I/elstment, e.g. PLN,

the actual cost of work performed (ACWP;) determined for each individual examined
periodi 2 (1;:::;m), where m is the number of settlement periods on the basis of the
amount of expenditure performed; This value is expressed for the given investment in the
adopted calculation currency, e.g. PLN,

the cumulative value of the actual cost of work performed (Cacwp) 0Obtained by summing
up all the values of the actual costs)gf the work performed for the entire analysed period

based on the formula Cacwp = ACWP;. This value is expressed in the currency

i=1
adopted for the building investment, e.g. PLN.

3.3. Processing the collected data

Each project is characterized by a di erent duration and cost of implementation. In order
to be able to compare the collected data for di erent construction projects, it is necessary to
properly process the collected data. For this purpose, for each individual analysed construction
project, it is necessary to determine the following auxiliary unitless values:

in relation to the budgeted cost of work scheduled (BCW S):

the unitless value of the budgeted cost of work scheduled Vgcws for each single period
BCWS;

i calculated from formula Veews =

Csews
the unitless value of the planned time of work scheduled Vpp for each individual exam-

. — PD; .
ined period i calculated from formula Vpp = C—' where: Cpp the planned duration

of the building investment, PD; the examineFEiDsubsequent planned implementation
period i 2 (1;:::;n), where is the number of settlement periods based on the basic
work and expenditure schedule;
in relation to the actual cost of the work performed (Vacwe):
the unitless value of the actual cost of the work performed Vacwp for each single
I.

1
ACWP

examined period i, which was calculated from formula Vacwp =
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the unitless value of the actual time of the work performed Vap for each individual
. L . AD;j
examined period i, which was calculated from formula Vap = C—' where: Cap

the actual duration of the building investment, AD; the examinedAs%bsequent actual
implementation period i 2 (1;:::;m), where m is the number of settlement periods
based on the amount of expenditure performed,;
the ratio of the actual cost of the work performed (Vacwp) to the value of the cumulative
budgeted cost of the work scheduled (Cgcws), which was calculated from formula:

ACWP;
Vacwp=Bcws = C ;
BCWS
the ratio of the actual duration of the building investment Cap to the planned time of the
AD;
work scheduled Vap=pp = —.
Cep

3.4. Plotting the cumulative cost curves

Using the unitless values determined in stage 3, it is possible for each construction project
to plot cumulative cost curves within the scope of:

the budgeted costs of the work scheduled  Vgcws in relation to Vpp,
the actual costs of the work performed  Vacwp in relation to Vap,

the deviations between the budgeted costs of the work scheduled and the actual costs of
the work performed  Vacwp=scws in relation to Vap-pp.

3.5. Determination of the area of cost curves

Using the cumulative cost curves developed in stage 4, it is possible to graphically de ne
the area in which the analysed curves are located. In turn, on the basis of the areas of the curves,
it is possible to analytically determine the course of the curves that have the best adjustment to
the function. In order to describe the course of the curves, a polynomial regression and a trend
function were used. The correlation coe cient R and the coe  cient of determination R? were
used as a measure of the adjustment of the trend function to the real values. The coe cient of
determination takes values from 0 to 1. The adjustment of the model is better when the value
of R? is closer to one. Therefore, if the correlation coe cient takes values within the range of:

0:00 < R < 0:33 there is a weak and insigni cant correlative relationship and the
model does not su ciently describe the studied phenomenon,
0:34 < R < 0:66 there is an average correlative relationship and the model su ciently
describes the studied phenomenon,
0:67 < R < 0:90 there is a strong correlative relationship and the model describes the
studied phenomenon well,
0:91 < R < 1:00 thereisavery strong correlative relationship and the model describes
the studied phenomenon very well.

The designated areas and the curves of the best adjustment enable the area for the appropriate

planning of construction projects to be determined.
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4. Research results

The article analyses data concerning buildings that belong to the category of residential
buildings. 11 facilities were examined, and the data for the analysis came from 188 reports
of the Bank Investment Supervision. The tasks of the Bank Investment Supervision (BIS)
include: preliminary reporting (veri cation of the documentation provided by the Investor,
with all permits and administrative decisions, as well as the planned budget), monthly reporting
(constant monitoring of the investment implementation, monitoring of the investment execution
status), and nal reporting ( nal investment implementation). All the collected data concern
investments implemented in Poland in the period of 2006 2020.

Table 2 presents a fragment of the collected data of the analysed construction projects,
while Table 3 presents the unitless values calculated in accordance with the proposed research
methodology (step 3) for one exemplary construction project Al.

Table 2. Data characterizing the analysed construction projects (part of the summary)

Building
investment BCWS; BCWS, |... Cacws ACWP, ACWP, .. Cacwp
Al 1,025,000.00 | 2,125,000.00 17,002,557.00 | 1,055,000.00 | 3,205,000.00 17,002,557.00
A2 315,000.00 | 800,000.00 12,580,200.00 | 319,537.08 |1,377,531.90 12,580,200.00

Figures 1 3 show the obtained areas of the cumulative cost curves and the curves that best
describe the analysed ranges. Figure 1 shows the areas of the cost curves with regards to the
planned costs of the work scheduled (in short: plan vs. plan). Figure 2 shows the area of the
cost curves with regards to the actual costs of the work performed (in short: reality vs. reality).

Cast y=-3.2249x548.1654x5-7.4172x% + 1.8996xF +1.2183:x2 +0.3604x
i R%=0.9798

.00 a.10 0.20 0.30 040 050 (1] oo 080 1= 1.00
—a=A1 —e=Al Al —a—pd -A5 —g=Af —B=AT —@=AR —8=AD AND —a=A1

Fig. 1. The area of the cost curves with regards to the budgeted costs of the work scheduled
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In turn, Figure 3 shows the area of the cost curves with regards to the deviations between the
budgeted costs of the work scheduled and the actual costs of the work performed (in short:
plan vs. reality). In addition, in the background of Figure 3, there is an area designated for
the budgeted costs of the work scheduled (Figure 1), which enabled the planned values to be
compared with the actual ones.

Cost y=12.4710x5-40,8880%5+51.0140x%-30.3900x3+8.9058x2-0.1141x

(L) 19 020 0.30 T 050 (1) 0.7 0s0 0=0 1.00
—— A —a— A2 Ad == Ad AS i A —— 4T i == A0 A —a=AMN

Fig. 2. The area of the cost curves with regards to the actual costs of the work performed

Fig. 3. The areas of the cost curves with regards to the deviations between the budgeted costs of the work
scheduled and the actual costs of the work performed in the context of the budgeted costs of the work
scheduled

For each analysed area of the cost curves, a trend function was determined. A high value of
the correlation coe cient was obtained for the 6th order polynomial. The 6th order polynomial
describes the course of the curves with an accuracy of over 95%. The correlation coe cient
reached values close to 0.98, which means that there is a very strong correlative relationship
and that the model very well describes the analysed phenomenon, which is the course of the
cumulative cost curves.
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Fig. 4. Best t curves for the construction projects analysed related to the construction of Residential
Buildings

The analysis of the obtained cumulative cost curve areas shows that:

the determined waveforms of the curves with the best adjustment of the curve to the func-
tion tinto the 6th degree polynomial with high accuracy. The values of the coe cients
of determination R? and correlation R for the analyzed data are close to one. This means
that there is a very strong correlative relationship and that the model very well describes
the studied phenomenon, which is the course of the cumulative cost curves;

for the area of the budgeted cost curve, the 6th degree polynomial describes the course
of the real cost curve with an accuracy of over 98% and a level of correlation close to 1;
for the area of the actual cost curve, the 6th order polynomial describes the course of the
actual cost curve with an accuracy of over 97% and a level of correlation close to 1.

A comparative analysis of the obtained areas of the cumulative cost curves and the curves
with the best adjustment to the analysed construction projects, which are related to the con-
struction of residential buildings, showed that:

the budgeted costs resulting from the basic work and expenditure schedule slightly di er
from the actual costs incurred during the implementation. Only 4 projects exceeded the
budgeted costs by 2 4%, while the costs for the remaining 7 projects were within the
planned budget,

the planned completion time resulting from the basic work and expenditure schedule
di erssigni cantly from the actual duration of the investment. Only 2 investments were
completed on schedule, while the remaining 9 investments were completed after the
scheduled time. The actual completion time from the planned time was longer by 14%
to 47% when compared to the planned completion date of the investment. The average
value of the investment duration was equal to 1.15-0.15.

in the classic approach to cost planning, it is assumed that the implementation will take
place much faster than in reality, as shown in Figure 3. According to the cost curves,
the planned work and expenditure advancement in the rst stage of the implementation
is much greater than in reality (the curve of the budgeted costs of the work scheduled
is above the actual curve of the work performed). According to the obtained 6th degree
polynomials, for half of the planned duration of works, the planned work and expenditure
advancement is approx. 46%, while the actual advancement is approx. 35%;
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the obtained areas of the cost curves for the budgeted costs of the work scheduled and
the actual costs of the work performed in relation to the actual cost show that costs are
generated at a much faster pace than planned in the second stage of the implementation
of works.

5. Discussion of the results and limitations

The method of planning the course of the cumulative cost curve in construction projects
(which was proposed in the article) using the cumulative cost curve (S-curve) ts well in the
area of research related to the planning, monitoring and management of construction projects.
The technique of the S-curve is commonly used for control. However, the traditional method
of estimating cost curves based on the schedule is not always accurate, and therefore many
alternative empirical models have been suggested as an alternative, e.g. using a polynomial
function to generalize S-curves [29 31], methods of simulation [32,33], or methods of arti cial
intelligence [34, 35]. The analysis of the literature shows that the S-curve models proposed to
date usually di er from reality and are too complicated, and thus not practical in the planning and
management of construction projects. The article presents, according to the author, the simplest
possible model for determining the course of the curve of the cumulative costs of construction
works. The proposed model is practical and easy to apply, because it was developed as a result of
the authors’ own measurements of the incremental value of the amount of work and expenditure
performed. The measurements were included in the cyclical coherent auditing reports of the
Bank Investment Supervision, which were veri ed by the Financing Bank and the Investor’s
Supervision.

On the basis of the obtained results, it has been proved that the planned work and expenditure
advancement of a housing construction is greater in the rst stage of its implementation when
compared to the actual state. The designated 6th degree polynomials describe the regularity
that for half of the planned duration of works, the planned work and expenditure advancement
is approx. 46%, while the actual advancement is approx. 35%. The obtained areas of the cost
curves for the budgeted costs of the work scheduled and the actual costs of the work performed
indicate that the costs are generated faster than planned in the second stage of construction
works.

The conducted research has several important limitations that are worth mentioning. Firstly,
in the conducted research, each analysed investment is unique and unrepeatable due to its
speci city, di culties, uncertainties and risks. Each analysed construction project was located
inadi erent location and was implemented by di erent contractors. The human factor plays a
very important role in the analysed issues, however, due to the nancial nature of the collected
research material, the in uence of this factor on the occurrence of deviations in time and cost
was not studied.

Secondly, in many of the analysed cases, the collected data show overlapping values between
the ACWP and the BCWP. The basic task that was di cult to perform was a reliable and
comprehensive control of the progress of work. Therefore, only the values concerning the
budgeted costs of the work scheduled (BCWS) and the actual costs of the work performed
(ACWP) were analysed in the research.
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Thirdly, only the actual direct costs related to the implementation of construction works
within the shell & core, internal installations, external networks, and the nishing works of
residential buildings up to the so-called developer state were subjected to the analysis. The
analysis does not take into account additional costs resulting from the entire life cycle of a
building object, e.g. operating costs, pro t on sales, discount rates [36].

6. Summary

Appropriate planning of construction projects, in terms of the time and cost of implementa-
tion, is a key element of success. Completion of the implementation within the planned budget
and time is desired by both Contractors and Investors. The method of shaping the cumulative
cost curve (S-curve) proposed in the article is a helpful tool that can be used to plan nancial

OWs.

Cumulative cost curve analysis is commonly used for project planning and control, but the
traditional cost curve estimation method based solely on schedule is not always accurate. The
analysis of more than a dozen cost curves carried out in the article shows that the previously
proposed models of projected S curves tend to deviate from reality and are too complex and
therefore not practical in the planning and management of construction projects.

Knowing the budgeted cost and duration of a construction project, and by using the proposed
6th degree polynomial, it is possible to determine the planned monthly work and expenditure
amounts, and thus correctly plan the utilization of investment costs during the implementation
of monitored buildings.

In the article, the analysis is limited to only collective housing buildings. It is advisable to
continue research related to other construction objects, e.g. commercial and service facilities,
etc. The proposed method is constantly being improved, and thanks to its development and
modi cation it will be possible to create even simpler and more accurate methods of planning
the costs of implementing various investment tasks in the construction industry with regards to
their character/classi cation.
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Planowanie czasu i kosztu realizacji przedsiewzie¢ budowlanych
na przyk“‘adzie budynk w zbiorowego zamieszkania

S‘owa kluczowe: zarzadzanie przedsiewzieciami budowlanymi, czas, koszt, budynki zbiorowego za-
mieszkania

Streszczenie:

Nieustanny wzrost liczby ludno-ci miast wp‘ywa na rozw j budownictwa mieszkaniowego, g* wnie
w sektorze developerskim. Inwestorzy w swoich dzia“aniach, zwiazanych z czerpaniem zysku ze sprze-
da»y mieszka« nastawieni sa na terminowa i zgodna z za“o»eniami bud»etowymi realizacje budynk w
mieszkalnych. W zwiazku z tym pojawia sie problem prawid“owego zaplanowania koszt w i czasu trwania
inwestycji i skutecznego monitorowania realizacji i ponoszonych nak‘ad w nansowych.

Istnieje wiele metod do szacowania/prognozowania przep‘yw w nansowych zwiazanych z realizacja
rob t budowlanych, jednak bardzo czesto sa one skomplikowane i wymagaja od Inwestor w okre-lenia
r »nych i czesto trudnych do okre-lenia zmiennych o charakterze losowym.

Celem prowadzonych bada« by“o okre-lenie kszta“tu i przebiegu krzywych kosztowych dla przedsie-
wzie¢ budowlanych zwiazanych z realizacja budynk w zbiorowego zamieszkania. Na podstawie analizy
przeprowadzonych bada« w‘asnych w jednorodnej grupie badawczej 11 budynk w zbiorowego zamiesz-
kania podjeta zosta“a autorska pr ba wyznaczenia pola krzywej, wskazujaca obszar poprawnego pla-
nowania skumulowanych koszt w i przewidywania ich odchyle« nak“ad w nansowych przedsiewzie¢
budowlanych. Znajac planowany koszt i czas trwania przedsiewziecia budowlanego i korzystajac z za-
proponowanego wielomianu 6-go stopnia mo»liwe jest okre-lenie planowanych miesiecznych przerob w
rzeczowo- nansowych, a tym samym prawid“owe zaplanowanie w czasie koszt w inwestycyjnych.

Metodyka i przebieg bada«

Aby osiagna¢ postawiony cel bada« niezbedne by‘o pozyskanie rzetelnych i rzeczywistych danych
dotyczacych zrealizowanych przedsiewzie¢ budowlanych w analizowanej jednorodnej grupie badawczej.
Do podstawowych danych charakteryzujacych przebieg ka»dego przedsiewziecia inwestycyjnego nale»a:
bazowy harmonogram rzeczowo- nansowy, zawierajacy planowany przez wykonawce prac budowla-
nych, zakontraktowany w umowie o roboty budowlane, bud»et, tj. koszt inwestycji oraz czas trwania
przedsiewziecia inwestycyjnego, oraz informacje o rzeczywistym przebiegu procesu budowlanego, tzn.
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informacje przekazywane przez wykonawce prac budowlanych o zrealizowanych pracach w danym okre-
sie rozliczeniowym, przekazywanych w ustalonych odstepach czasu (np. 1 raz w miesiacu), do inwestora,
inspektora nadzoru inwestorskiego i/lub bankowego inspektora nadzoru.

W ramach prowadzonych bada« zgromadzono dane dotyczace 30 przedsiewzie¢ budowlanych, nale»a-
cych do 8 grup badawczych, odpowiadajacym 8 zr »nicowanym sektorom inwestycyjnym, tj. 510 raport w
sporzadzanych przez uczestniczacych w przebiegu analizowanych przedsiewzie¢ budowlanych inspekto-
r w nadzoru bankowego. Wszystkie zgromadzone dane przedstawione w tabeli 1 dotycza inwestycji
zrealizowanych w Polsce w okresie 2006 2020. Dla ka»dego analizowanego przedsiewziecia budowla-
nego, moxliwe by“o opracowanie zbiorczego zestawienia danych w formie tabeli dwuwymiarowej.

Ka»de przedsiewziecie charakteryzuje sie innym czasem trwania oraz kosztem realizacji. Aby mo»-
liwe by“o por wnanie zgormadzonych danych dlar »nych przedsiewzie¢ budowlanych, konieczne by“o od-
powiednie przetworzenie zgromadzonych danych. W tym celu dla ka»dego pojedynczego analizowanego
przedsiewziecia budowlanego konieczne by“o wyznaczenie pomocniczych warto-ci niemianowanych.

Korzystajac z wyznaczonych warto-ci niemianowanych mo»liwe by‘o dla ka»dego przedsiewziecia
budowlanego wykre-lenie krzywych koszt w skumulowanych w zakresie planowanych koszt w planowa-
nej pracy, rzeczywistych koszt w wykonanej pracy, odchyle« miedzy planowanymi kosztami planowanej
pracy a rzeczywistymi kosztami wykonanej pracy.

Korzystajac w krzywych koszt w skumulowanych mo»liwe by“o gra czne okre-lenie przestrzeni,
w kt rej znajduja sie analizowane krzywe. Na podstawie przestrzeni krzywych mo»liwe by“o analityczne
wyznaczenie przebiegu krzywych o najlepszym dopasowaniu krzywej do funkcji. Aby opisa¢ przebieg
krzywych wykorzystano regresje wielomianowa i funkcje trendu. Wyznaczone przestrzenie oraz krzywe
najlepszego dopasowania pozwoli'y na okre-lenie przestrzeni prawid‘owego planowania przedsiewzie¢
budowlanych.

Whioski
Analiza otrzymanych przestrzeni krzywych koszt w skumulowanych wykaza“a, »e:

wyznaczone przebiegi krzywych o najlepszym dopasowaniu krzywej do funkcji z wysoka dok“ad-
no-cia wpisuja sie w wielomian 6-go stopnia. Warto-ci wsp “czynnik w determinacji R? i korelacji
R dla analizowanych danych sa bliskie jedno-ci;

planowane koszty wynikajace z bazowego harmonogramu rzeczowo- nhansowego hieznacznie
odbiegaja od rzeczywistych koszt w ponoszonych w trakcie realizacji (2 4%);

planowany czas realizacji wynikajacy z bazowego harmonogramu rzeczowo- nansowego znacznie
odbiega od rzeczywistego czasu trwania inwestycji (14% 47%);

wg krzywych kosztowych planowane zaawansowanie rzeczowe i nansowe jest du»o wieksze
w pierwszym etapie realizacji w por wnaniu do rzeczywisto-ci, natomiast w drugim etapie reali-
zacji prac koszty generowane sa w du»y szybszym tempie ni» planowane.

Podsumowanie

Prawid“owe zaplanowanie przedsiewzie¢ budowlanych, w kontek-cie czasu i kosztu realizacji, sta-
nowi Kluczowy element sukcesu. Zako«czenie realizacji w zaplanowanym bud»ecie i czasie jest po»adane
zar wno przez wykonawc w rob t budowlanych jak i inwestor w. Pomocnym narzedziem, zastosowa-
nym w artykule, do planowania przep‘yw w nansowych, jest metoda kszta‘towania krzywej koszt w
skumulowanych (krzywa S ).

Znajac planowany koszt i czas trwania przedsiewziecia budowlanego i korzystajac z zaproponowa-
nego wielomianu 6-go stopnia mo»liwe jest okre-lenie planowanych miesiecznych przerob w rzeczowo-
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nansowych, atym samym prawid“owe zaplanowanie utylizacji koszt w inwestycyjnych w czasie realizacji
monitorowanych obiekt w budowlanych.

W artykule analiza ogranicza sie tylko do budynk w zbiorowego zamieszkania. Wskazane jest kon-
tynuowanie bada« zwiazanych z innymi obiektami budowlanymi, np. obiektami handlowo-us‘ugowymi,
itp. Zaproponowana metoda jest stale udoskonalana i dzieki jej rozwojowi i mody kacji mo»liwe bedzie
wypracowanie jeszcze prostszych i dok“adniejszych metod planowania koszt w realizacji r »nych zada«
inwestycyjnych w budownictwie w zale»no-ci od ich charakteru/klasy kacji.
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