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Abstract: The time required for construction processes is closely related to the complexity of the project and
its specific nature (variable impact factors). A new scheduling method with a probabilistic approach has been
developed — Probabilistic Time Couplings Method IIT (PTCM III). PTCM I1I is based on the assumptions
of Time Couplings Method III (TCM III), which has been improved by using the predictive Multivariate
Method of Statistical Models (MMSM) and construction process standard deviations. PTCM III enables the
time-cost optimisation of a construction project while taking into account the risks and uncertainties of
construction processes. The priority of the method is to minimise the execution time of the project, with the
possibility of downtime of work sectors or workers. The paper presents presents the formulas and calculation
methodology, based on algorithmisation. In order to best present the capabilities and effects of PTCM 111,
a case study was carried out in the paper, in which the results of the calculations were compared with other
variants of time coupling methods in probabilistic terms. The result of the PTCM III calculations is a range
of the duration of a construction project together with the probability of its realisation. The most pessimistic
completion time was calculated to be 412.7 working days, the most optimistic was calculated to be 388.7
working days and the 50% completion probability was determined to be 400.7 working days. This allows for
more flexible construction scheduling and the adoption of lead times based on the contractor’s capabilities
and the decision-maker’s assessment.
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1. Introduction

Nowadays, the effective management of the investment process is a key element of any
construction project. This is mainly due to the pressure of the investor contract. The speed of
execution often determines the profitability of an investment, which means that the planning
of the investment process has to be particularly thorough. As a result, contractors are taking
more and more risks in an attempt to optimise the work schedule. However, even the most
precise plans cannot take into account all potential complications that may arise during the
project [1]. Uncertainty about the exact course of the investment process therefore remains
inevitable [2—4].

Scheduling methods are divided by the type of project [5] into: unique projects (complex
operations type) and repeatable projects. The first group includes projects of a unique nature,
known as complex operations ventures, which are characterised by unique operations. The
second group includes projects of a repetitive nature, which are implemented according to
the principle of uniform or flow-shop work. A flow-shop work system [5] is characterised by
structural clarity and the assignment of work teams to carry out individual processes. This
makes it possible to make optimum use of the planned work capacity by: maintaining a constant
quality of the work performed (repetition of the same work on individual sectors — experience
of the workers).

One method of flow-shop work is the Time Coupling Method (TCM). The time coupling
method is based on deterministic lead times of construction processes [6—8]. Scheduling
construction projects with the Time Couplings Method (TCM) allows construction project
scheduling to be carried out taking into account technological and organisational constraints.
Due to the algorithmic nature of the calculations, the TCM method is used in modern scientific
solutions. The Time Coupling Method was developed by Professor V. Afanasyev [9, 10]. The
continuators of Professor Afanasyev’s concept included: J. Mrozowicz [6, 11], Z. Hejducki [7,
12], M. Podolski [8].

Time couplings used in TCMs are the internal temporal links between construction
processes and work plots (sectors) [6,7,9, 10]. Time couplings are defined between the earliest
and latest start and end dates of individual construction processes or work tasks [13]. These
couplings can be obligatory (the time between activities is then defined) or conditional (when
a minimum time gap is defined between activities).

According to data presented in the literature [14], only 2.5% of construction companies
completed 100% of projects in the planned time. Due to the variable nature of construction
processes (impact factors: technological, organisational, risk), estimating their duration poses
difficulties [1, 15, 16]. Risk analysis is an indispensable part of scheduling [17]. Consequently,
the risks and uncertainties associated with a project need to be assessed in order to increase
its success (while ensuring that the work is carried out according to the developed schedule).
Many techniques, models and programmes have been developed to assist in risk analysis. The
most common are the Critical Path Method (CPM) [18], Programme Evaluation and Review
Technique (PERT) [19], Critical Chain Method [20], among others. Most of the methods
for creating network models and schedules use deterministic estimation. Hulett argues that
this is the wrong approach [21]. The design assumptions that are made during deterministic



www.czasopisma.pan.pl P N www.journals.pan.pl
Y
—

SCHEDULING WITH THE PROBABILISTIC COUPLING METHOD III (PTCM III).. .. 619

scheduling are estimates that often over-optimise the lead time. A solution to this problem may
be the use of probabilistic data, based on forecasts of the lead times of individual construction
processes, taking into account their standard deviations.

The paper demonstrates that it is possible to schedule construction processes using time
coupling methods (TCM) in a probabilistic approach, which takes into account technical,
technological and organisational factors under specific realisation conditions as well as
uncertainty and risk. By combining the time coupling method (TCM) and Multivariate Method
of Statistical Models (MMSM), it is possible to determine the minimum, most probable and
maximum execution time of a project.

2. Methodology

An upgrade of the Time Couplings Method III (TCM III) is the Probabilistic Time Couplings
Method III (PTCM III). In the PTCM III method, computational algorithms were developed by
using standard deviations and probabilistic input data. A computational application has been
developed for the PTCM III method, which is a continuation of the work carried out in [15,16]
and enables the automation of calculations.

2.1. Time Couplings Method III - TCM III

The TCM III method aims to minimise the execution time of the entire project, which is
a key organisational feature in most cases. This method is often used because of its ability
to effectively manage available resources and contribute to the economics of projects. The
achievement of the assumed optimisation criterion (minimum time), comes at the expense of
downtime for the working brigades on the different fronts [22]. This is due to the assumption
of the possibility of downtime in the working groups and waiting on the fronts. This condition
makes it possible to eliminate the influence of the continuity of works on the extension of the
execution time of the work complex.

The elementary calculation segment of the TCM III method designated for the P; process
and the S; sector is detailed in Figure 1.
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Fig. 1. A single calculation segment of the TCM III method on the basis of the work [6,7,15,16]

Where:
t;; — calculated duration of the construction process j on the sector i,
tl.v;’ — calculated time of early commencement of the construction process j on the sector i,
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t;;Z — calculated time of early completion of the construction process j on the sector i,

tf;.r — calculated time of the late start of the construction process j on the sector i,

tf}z — calculated time of late completion of the construction process j on the sector i.

2.2. Input data — Multivariate Method of Statistical Models (MMSM)

When creating construction schedules, input data is a very important factor. Traditionally,
schedules are created based on deterministic data. When planning investment projects with a high
degree of uncertainty, it seems more correct to use probabilistic data. The Multivariate Method of
Statistical Models (MMSM) developed by Rogalska [23] is renowned for its precise mapping of
investment implementation time. This method employs multi-factor modelling based on real data
and influencing variables, making it suitable for a wide range of construction processes.

Collecting and analysing the data collected is a very time-consuming stage of forecasting
work. The data collected must have a measurable value. Numerical and linguistic data can be
used in the calculations. Linguistic data are given numerical values in the form of codes.

Once the problem has been defined and the dependent variable and independent variables
have been determined, the collection of data for the calculation is undertaken. The computational
data are obtained:

— via the experimental method, by means of field work and measurements carried out

under real conditions,

from construction company databases,

from the databases of the Central Statistical Office,

— from publicly available information on the timing and conditions of construction
processes.

Data is collected in the form of spreadsheets, e.g. from the STATISTICA programme.
Spreadsheets in STATISTICA can contain millions of data. The individual columns of the
spreadsheet correspond to dependent and independent variables, while the rows correspond to
successive cases, e.g. measured values.

Labour productivity and construction process times, respectively, were determined using the
parametric-regression method — MMSM - by modelling them multifactorially from real data.
The dependent variable (e.g. employee productivity or construction time) and the independent
variables — factors that influence the dependent variable — are defined. The larger the base of
measurements to be used for analysis, the more accurately the model will be able to predict
the value of the dependent variable. The MMSM uses predictive methods, including [23]:
multivariate regression, multivariate adaptive regression with glued functions, generalised
additive models, simulated neural networks, support vectors and integrated autoregression.
After modelling the dependent variable, the results are subjected to a comparative assessment
of the forecast error based on mean absolute percentage error as well as the autocorrelation
of series residuals and the autocorrelation of partial series residuals. It is possible to obtain
several correctly forecasting models, in which case the one with the smallest MAPE error is
selected for further calculations.
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2.3. Standard deviations

Standard deviation is an important tool in data analysis and forecasting. The standard
deviation is a measure of the dispersion of the data around the mean, which tells you how
much the data differs from its mean value. Standard deviation values are always positive, and
the higher the deviation, the greater the dispersion of the data.

To calculate the standard deviation, the arithmetic mean of all values is calculated. Then,
for each value, the difference between that value and the mean is calculated, after which the
difference in values is squared. The arithmetic mean of the squares of the differences and the
square root of the result are then calculated.

To adequately factor in standard deviations in the calculation sheet, it is imperative to utilize
the formula for summing the standard deviations of two independent random variables [15, 16].

2.4. Probabilistic Time Couplings Method IIT (PTCM III)

The PTCM III method is a modern approach to the subject of scheduling. PTCM III is based
on the calculation algorithms of TCM III [6, 7,9, 10, 24], which have been suitably modified to
take into account the possibility of using additional data, such as standard deviations and data
derived from MMSM. Like PTCM I and PTCM 11, the PTCM III method allows construction
scheduling under different organisational assumptions and using probabilistic data.

The elementary calculation segment of the PTCM III method designated for the P; process
and the S; sector is detailed in Figure 2.

i 2

min max

Fig. 2. Single PTCM III calculation segment developed on the basis of the work [6,7,15,16]

Where:

t;; — calculated duration of the construction process j on the sector i,

0;; — standard deviation of the duration of the construction process j on the sector i,

2.ij — sum of standard deviations of independent random variables of works preceding the
construction process j on the sector i, also taking into account o (#;;) of the current work,

tl.’j — prognostic start time of the construction process j on the sector i,

tl.zj — prognostic time of early completion of the construction process j on the sector i (most
likely),

t?}i“ — minimum prognostic time for completion of the construction process j on the sector
i (the most optimistic),

t?}a" — prognostic time of the maximum completion of the construction process j on the
sector i (most pessimistic).
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The number of calculation segments in the PTCM III sheet is contingent upon the designated
number of sectors and processes at the construction site and can vary [24]. Each segment
corresponds to the work of a single working brigade (P;) on a specific working plot (S;).

The calculation formulas of the PTCM III method are outlined below (Eq. (2.1) — Eq. (2.15)):

— Sector S; and process P:

2.1 = { 2r given initial value
2.2) RRLIRELN
2.3) D, =0
[N

2.4) IETEEDY

1
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1

— Sector S; and process P;:

(2.6)
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— Sector S; and process P;:
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min _ .z
(2.14) HHELIEDY
i
max __ .2
(2.15) M= Z
i,

where: t1,1; t;,1; i j; 01,15 04,15 0;,j — mathematically calculated data.
In order to popularise PTCM, a calculation application based on the Microsoft Excel
environment was developed. With its user-friendly interface and algorithmic calculations, the
application can be used in practice, even by low-skilled construction workers. The PTCM

application simplifies and significantly speeds up calculations based on different variants of
the PTCM method.

2.5. Graphical representation of schedules — cyclographs

The analytical part of the schedules is not readable and transparent, so it is accepted practice
to represent them graphically. Graphical representation is usually done using dependency
networks, graphs, line graphs, diagrams and cyclic lines. In this article, cyclograms are used
to reflect the basic parameters of the works resulting from the calculations. A cyclogram is a
model of the production process flow that shows the cycle of production of a specific product
in calendar terms.

3. Case study

This article considers the case in which a construction project is divided into 5 processes and
10 work plots. Analogous construction processes are carried out on each annual plot: earthworks
(P1), masonry works and ceilings (P2), roof truss and roof covering (P3), construction of
a closed shell and insulation (P4) and finishing works (P5). The case study was extensively
described for PTCM I [15] and PTCM 1I [16]. This project represents a further development
of the PTCM methodologies, utilizing the same computational case for comparative analysis.

Due to the computational extensiveness of the MMSM, this article presents one selected
construction process — the roof truss and roof covering (P3). The remaining processes (P1, P2,
P4, P5) were computed similarly, and their final results are documented in the paper (Table 3).
For process P3, the “roof truss and roof covering” in m?/h was considered the dependent
variable (v1), influenced by a range of independent variables, like (Table 1): average employee
experience (v3), roof shape (v4), roof truss type (v5), roofing material (v6), roof dimensions
(v7, v8) and weather conditions (v9, v10).

The calculations and analyses were based on historical data from similar construction
processes (obtained from publicly available data, published e.g. on the websites of city or
municipal authorities, as well as in cooperation with construction companies) and empirical
surveys carried out on construction sites between 2017 and 2022. The data obtained served as
input data for the calculation of construction process times using the MMSM method and then
the PTCM II1.
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Table 1. Dependent and independent variables used in the MMSM method

No. Variable Variable description Units
1 vl Roof works [m2/h]
2 v2 Duration of works [h]

3 v3 Average employee experience [years]
4 v4 Roof shape -

5 vS Roof truss type -

6 v6 Roofing material -

7 v7 Roof length [m]
8 v8 Roof width [m]
9 vo Temperature [°C]
10 v10 Rainfall/humidity [%]
11 vll Employee absenteeism [%]

Thirty-two instances of baseline data were collected, obtained through experimental work
on site. Using the baseline input data, calculations were carried out using the MMSM method.
The subsequent calculation steps of the MMSM are [23]:

— Checking the normality of the distributions of the individual variables (the distribution
of the variables was tested using the Shapiro-Wilk test. Not all independent variables
showed a normal distribution);

— Checking for correlations between variables (it was determined that in most cases there
are moderate or weak correlations. The presence of strong correlations will be a basis
for rejecting one of the highly correlated variables from the forecasting calculations of
some methods);

— Carry out forecasting calculations using: Multiple Regression (MR), Generalized
Additive Methods (GAM), Multivariate Adaptive Regression Splines (MARSplines),
Support Vector Machine (SVM), Simulated Neural Networks (SNN);

— Comparison of the values obtained in the projections with the baseline values obtained
experimentally and calculation of the MAPE error;

— Check for significant autocorrelation of residuals and significant partial autocorrelation
of residuals;

— Selection of the model with the smallest error of prediction.

2 of the 5 modelling exercises carried out are correct and can be used in the data forecasting.

As a lower MAPE error was achieved by the model obtained using Simulated Neural Networks
(SNN), it was used in further calculations.
The results of the forecasting models are summarized in Table 2.
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Table 2. Summary of prognostic models for the variable v1
The Whether significant Whether significant MAPE .
. . . . The model is
prognostic residual partial autocorrelations | error value correct
method autocorrelations exist of residuals exist [%0]
MR Yes — 2 pos. Yes — 2 pos. 6,34 Not correct
GAM No No 2,65 Correct
MARS Yes — 4 pos. Yes — 4 pos. 7.51 Not correct
SVM Yes — 3 pos. Yes — 3 pos. 9.72 Not correct
SNN No No 1.80 Correct

Using a Simulated Neural Networks (SNN) dependency network, after the introduction of
new independent variables related to the new construction, which is a case study, the execution
time of the P3 process on each sector was obtained. The summary of the calculation results is
presented in Table 3. The data presented in Table 3 were already used during the calculations
with PTCM I [15] and PTCM 1I [16]. However, it is necessary to use these data for PTCM 111
calculations in order to obtain a proper comparison of the resulting times.

Table 3. Summary of the forecast duration of P1-P5 processes in S1-S10 sectors for a new investment —
PTCM III [15, 16]

Time Lj [days] Proceses
P1 P2 P3 P4 P5
S1 100 | 224 | 202 | 186 | 330
s2 8.1 256 | 220 | 205 | 308
s3 81 | 202 | 201 | 242 | 354
S4 92 | 230 | 215 | 215 | 310
Sectors - g3 94 | 221 | 230 | 193 | 3s.1
s6 | 105 | 224 | 209 | 186 | 339
s7 89 | 250 | 220 | 209 | 308
S8 81 | 202 | 190 | 242 | 334
9 80 | 232 | 215 | 220 | 310
sto | 99 | 221 | 230 | 193 | 351

4. PTCM III - results and discussion

Figures 3 and 4 show the cyclogram for the case study stage. The execution times of the
individual construction processes were determined using the MMSM method, and the standard
deviations for these processes were based on calculations of analogous processes in the past.
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The realisation times of the individual processes in the plots shown in Table 3, as well as their
standard deviations, are the input data for the calculations carried out through PTCM III. The
organisation of the construction processes in the PTCM III method focuses on minimising the
duration of the project, and as the results show, these assumptions were achieved. PTCM 11
and PTCM III achieved almost identical results, which means that the work is divided up and

arranged in such a way that there is hardly any downtime in the sectors.

Proceses
PTCM IIT
Pl P2 P3 P4 PS
0.0 10.0 10.0 324 324 52.6 52.6 712 71.2 104.2
10.0 224 20.2 18.6 33.0
S1
1.1 1.1 25 23 22 39 2.0 4.1 36 5.4
89 1.1 29.7 351 49.1 56.1 67.1 753 98.8 109.6
10.0 18.1 324 58.0 58.0 80.0 80.0 100.5 104.2 135.0
8.1 25.6 22.0 20.5 30.8
S2
0.9 1.4 28 39 24 4.6 23 5.1 34 6.1
16.7 19.5 54.1 61.9 75.4 84.6 95.4 105.6 128.9 141.1
18.1 262 58.0 782 80.0 100.1 100.5 124.7 135.0 170.4
8.1 202 20.1 242 354
S3
0.9 1.7 22 4.5 22 5.1 27 58 39 73
245 279 73.7 82.7 95.0 105.2 118.9 130.5 163.1 177.7
262 354 782 101.2 101.2 122.7 124.7 146.2 170.4 201.4
92 23.0 215 215 31.0
S4
1.0 20 725 52 24 5.6 24 6.1 3.4 8.0
334 374 96.0 106.4 1171 1283 140.1 152.3 193.4 209.4
354 448 101.2 1233 1233 146.3 146.3 165.6 201.4 2365
9.4 2211 23.0 193 35.1
S5
1.0 22 24 57 25 6.2 2.1 6.5 39 8.9
g 42.6 47.0 117.6 129.0 140.1 152.5 159.1 172.1 2276 2454
S
A 44.8 553 1233 145.7 146.3 167.2 1672 185.8 236.5 270.4
10.5 224 20.9 18.6 339
S6
%2} 25 25 6.2 2.3 6.6 2.0 6.8 3.7 9.7
528 578 1395 151.9 160.6 173.8 179.0 192.6 260.7 280.1
553 64.2 1457 170.7 170.7 192.7 192.7 213.6 270.4 301.2
8.9 25.0 220 209 30.8
s7
1.0 2.7 2.8 6.8 2.4 7.0 23 74 34 10.2
61.5 66.9 163.9 177.5 185.7 199.7 206.2 221.0 291.0 311.4
64.2 723 170.7 190.9 192.7 2117 213.6 23738 301.2 334.6
8.1 20.2 19.0 242 334
S8
0.9 2.8 22 7.1 2.1 73 2.7 7.8 37 10.9
69.5 75.1 183.8 198.0 204.4 219.0 230.0 245.6 3237 3455
723 80.3 190.9 214.1 214.1 235.6 2378 259.8 3346 365.6
8.0 284 2.5 220 31.0
S9
0.9 3.0 2.6 7.6 24 7.7 24 8.1 34 11.4
713 833 206.5 221.7 2279 2433 251.7 2679 3542 3770
803 90.2 214.1 236.2 236.2 259.2 259.8 279.1 365.6 400.7
9.9 221 23.0 19.3 351
S10
1.1 32 24 8.0 25 8.1 2.1 83 39 12.0
87.0 93.4 2282 2442 251.1 267.3 270.8 2874 388.7 412.7

Fig. 3. PTCM III schedule
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Table 4 summarises and compares the results obtained with all three variants of the PTCM
method.

Table 4. Summary of the forecast and a comparison with the results of PTCM I [15] and PTCM 11 [16]

The method of determining The total duration of the investment
the schedule [working — days]
Minimal: 388.7
PTCM III Most likely: 400.7

Maximum: 412.7

Minimal: 388.6
PTCM II Most likely: 400.7
Maximum: 412.8

Minimal: 409.6
PTCM 1 Most likely: 421.1
Maximum: 432.6

Analyzing the results obtained in the PTCM III method (Table 4, Figures 3 and 4), the most
pessimistic completion time for the entire project was 412.7 working days, the most optimistic
was 388.7 working days and there was a 50% probability of completion within 400.7 working
days. Traditionally, schedules are prepared based on deterministic data, but with the high uncer-
tainty associated with the schedule, this is not a good approach. This study proposes preparing
a schedule based on probabilistic data, which will result in a certain range of completion times.
The project developer, in consultation with the developer, will be able to determine the lead
time depending on his resources and the calculated probability of implementation. If a shorter
execution time is chosen, the contractor runs the risk of not meeting this deadline. On the other
hand, by choosing a time close to the longest time (with the highest probability), the contractor
runs the risk of being at a disadvantage compared with the competition.

The results of the PTCM II and PTCM III scheduling calculations may show similarities,
as both methods are based on similar principles of creating a task network and determining the
critical path that determines the shortest possible project time. Time coupling in both methods
determines how tasks are interdependent, i.e. which tasks must be completed before others can
begin. The durations of individual processes can be arranged in such a way that the results
of different variants of the PTCM method will be similar. This is the case when, between
consecutive processes, there are large differences in their execution times.

Traditional TCMs use plot order optimisation, so that results between TCM variants vary.
The use of plot order optimisation is not always possible and in PTCMs this has not yet been
implemented and may be a further research area.

5. Conclusion

The scheduling of construction work is an important issue due to the significant time and
financial savings that compliance with pre-imposed time standards by construction contractors
enables. With schedules, resources can be better allocated and tasks prioritised, which increases
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productivity. In addition, schedules make it possible to monitor progress towards long-term
projects and goals, which is important for evaluating performance and planning future activities.
For this reason, the development of scheduling methods is important and is constantly being
pursued in research work.

The research and calculation work resulted in a schedule that aimed to minimise the
duration of construction work. The most pessimistic completion time was calculated as 412.7
working days, the most optimistic as 388.7 working days and the 50% probability of completion
was determined as 400.7 working days. These times are very close to the results obtained with
the PTCM II method, which means that the organisation of the work and the layout of the work
plots allow for minimal downtime on them. The literature, as well as our own observations [24],
show that usually a project is completed at 70-80% probability.

The results of the forecasting of process and project execution times calculated using the
PTCM method, compared to the traditionally used approach (based on Tangible Expenditure
Catalogues and the average productivity of construction workers), are more precise and create
real opportunities for construction planning with very good results. The PTCM method can be
successfully used to forecast construction project lead times in probabilistic terms and shows
potential for practical applications).

The developed PTCM computational application allows the creation of schedules with
different organisational variants of the work and a quick comparison of results between these
variants. However, the authors recognise a limitation of the PTCM application, namely that it
does not optimise the sequence of work plots. Optimisation of the sequence of work plots may
contribute to better results and will be the subject of further work by the authors.
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Harmonogramowanie Probabilistyczng Metoda Sprzezen Czasowych 111
(PTCM III) - minimalizacja czasu realizacji projektu

Stowa kluczowe: Probabilistyczna Metoda Sprzezen Czasowych III (PTCM III), planowanie, pro-
gnozowanie czasu, harmonogram, zmienne warunki realizacyjne

Streszczenie:

Czas realizacji proceséw budowlanych jest $ciSle zwigzany ze ztozonoscia projektu oraz ze spe-
fyficznymi dla kazdej budowy warunkami realizacyjnymi (zmiennymi czynnikami wplywu). Badania
przeprowadzone na zlozonych projektach budowlanych na catym Swiecie dostarczyly statystycznych do-
wodéw potwierdzajacych wystepowanie odchylefi w realizacji projektéw w poréwnaniu do planowanych
kosztéw i czasu trwania. Jest to powodem poszukiwan nowych, lepszych metod planowania i kontroli
harmonograméw. Opracowano nowa metode¢ planowania harmonograméw o podej$ciu probabilistycznym
— Probabilistic Time Couplings Method III (PTCM III). PTCM III bazuje na zalozeniach metody sprz¢zen
czasowych III (TCM III), ktéra zostata udoskonalona poprzez zastosowanie predykcyjnej Metody
Wieloczynnikowego Prognozowania Czasu Proceséw Budowlanych (MMSM) i odchyleri standardowych
procesu budowlanego. PTCM III umozliwia optymalizacj¢ czasowo-koszowa przedsigwzigcia budow-
lanego przy jednoczesnym uwzglednieniu rysyka i niepewnosci proceséw budowlanych. Priorytetem
w tej metodzie jest minimalizacja czasu realizacji przedsigwzigcia, przy mozliwosci wystepowania
przestojow sektoréw roboczych badZ pracownikéw. W pracy przedstawiono podstawy i zatozenia metody
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PTCM 111, zaprezentowano wzory i metodyke obliczeniowa, oparta na algorytmizacji. W celu jak
najlepszej prezentacji mozliwosci i efektéw PTCM 111, w pracy przeprowadzono studium przypadku,
w ktérym wyniki obliczed poréwnano z innymi wariantami metod spsrz¢zen czasowych w ujeciu
probabilistycznym. Efektem obliczen PTCM 111 jest zakres czasu trwania inwestycji budowlanej wraz z
prawdopodobienistwem jego realizacji. Najbardziej pesymistyczny czas realizacji zostal obliczony na
412,7 dni roboczych, najbardziej optymistyczny na 388,7 dni roboczych, a 50% prawdopodobienistwo
realizacji zostalo okreSlone na 400,7 dni roboczych. Zaleta metody PTCM III jest to, Ze prognoza czasu
zakoniczenia inwestycji jest okre§lana przez zakres szacowanych dat, a nie jako dokladna data. Tradycyjne
podejscie do harmonogramowania opiera si¢ na warto$ciach Srednich (czasach normowych), ktére z zato-
Zenia powinny by¢ aktualizowane wraz z rozwojem technologii budowlanej, sprzetu i narzgdzi. Praktyka
budowlana pokazuje jednak, ze zatozenie to jest dalekie od rzeczywistosci. Procesy budowlane sa bardzo
wrazliwe na zmiany czynnikéw, od ktérych zaleza. Dlatego tez preferowang metoda harmonogramowania
moze byé prognozowanie, ktére okresla najbardziej prawdopodobny czas prac budowlanych oraz jego
prognostyczng warto$¢ minimalng i maksymalng — PTCM. PTCM III wykazuje potencjat do zastosowari
praktycznych i dalszych rozwinig¢.
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