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Construction completion forecasting on  
the basis of statistical modeling and  
heterogeneous monitoring data 
Modern construction represents a complex production process whose effective regulation is based on information 
about the period of construction works, obtained by way of monitoring. Any delay in the execution of certain 
works frustrates scheduled project commissioning, which results in increased project management costs, forfeits 
and lost benefits. Existing monitoring systems need to be improved through the use of probabilistic scheduling 
geared towards the forecasting of completion dates of certain works and the construction process as a whole. 
Construction monitoring may be improved by means of taking management quality into account by means of 
distributing random work durations in the process of statistical modeling of functions. The introduction of six 
random duration distribution functions, reflecting management quality, is proposed for the improvement of statistical 
modeling, whereas the use of scheduled durations of works is expedient for identifying optimistic characteristics. 
The data, extracted from monitoring reports, needs to be used as pessimistic distributions. Monitoring reports 
contain heterogeneous data, and they may even have no information on particular types of works. Therefore, 
pessimistic durations based on missing data should be calculated using the time-space analogy method.

Keywords: construction monitoring and scheduling, project management, heterogeneity of monitoring information, 
statistical modeling of construction schedules
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INTRODUCTION

T oday construction is a complex production pro-
cess. Its effective management requires a mon-
itoring system that makes the information about 

the construction process available to construction 
management stakeholders. Some reference sources 
view monitoring as a system that is integral to opera-
tional construction management [1]. The monitoring 
system needs ongoing improvements to track the pro-
gress in a construction organization [2, 3]. Various 
types of monitoring systems are used by the construc-
tion industry. The principal ones are listed below:

• the monitoring of the technical condition of 
buildings and structures [4, 5];

• environmental monitoring [6];

• financial-economic monitoring [7];

• the monitoring of the quality of construction 
and assembly works [8].

The minimization of delays in construction pro-
cesses, needed to ensure the timely commissioning 
of a completed project, is thought to be one of the key 
indicators of construction management quality [9]. If 
a delay is identified in the course of construction 
monitoring, there arises a need to forecast the con-
struction completion time [10]. Any failure to fulfill 
construction term commitments leads to a fine or a 
penalty [11]. The penalty, if accrued, may be regres-
sively distributed among the subcontractors in ac-
cordance with the share of their liability [12]. Delayed 
commissioning can boost management costs, entail-
ing a forfeit paid for the schedule disruption as well as 
the lost benefit. These factors, if taken in totality, take 
a toll on the reputation of a developer and contractors 
involved in construction. High-quality construction 
management shall minimize delays. Project manag-
ers must timely respond to any deviation of the actual 

time of the work execution from the schedule, or any 
inadmissible deterioration of the quality of works. 
Thus, the launch of an adequate system of construc-
tion monitoring substantially raises the economic ef-
fectiveness of a construction project.

Various software products have been developed 
in the Russian Federation to automate the procedures 
needed for a functional construction monitoring sys-
tem: “Stroyform: construction control”1, “Mobile con-
struction solutions”2, ASIC3, and others. Software kit 
“Stroyform: construction control” is geared towards 
the automation of the work quality monitoring system 
and its presentation in various executive documents. 

The developers of the “Mobile Construction Solu-
tions” software declare the possibility of figuring the 
estimated time of completion for each item of work 
(even one day after its commencement!), but they also 
emphasize the following features of its composition. 

The software algorithm is oriented both to-
wards considering the sequence of works and the 
normative need for and availability of resources. 
Its developers outline the following simple situa-
tion to demonstrate the practical bias of this soft-
ware: “A wall of 100 bricks needs to be assem-
bled. Today a mason has laid 10 bricks. How long 
will it take him to complete the whole work? The 
analysis of the information materials presented by 
the software developers suggests that the calcu-
lated forecast of the work duration is basically in 

1  Stroyform. URL: http://www.stroyform.ru/product.aspx?id=2

2  Bimdata. URL: https://promo.bimdata.ru/?utm_source=yandex& 
utm_medium=cpc&utm_campaign=Софт&utm_ term=мобильные%20
решения%20для%20строительства&mango=%7Cc:58273012%7Cg:
4424262840%7Cb:10130426251%7Ck:24843164328%7Cst:search%
7Ca:no%7Cs:none%7Ct:premium%7Cp:1%7Cr:%7Creg:2%7Cnet:%7
Byad%7D&yclid=941299381762025242

3  Automated Investor Control System. Interactive Business 
Partners. URL: http://www.ibpspb.ru/asic/ASICGlobal.aspx

UDC 658.5:624.05 
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line with the determined approach. We use the data from the 
monitoring reports, provided in Table 1, that demonstrate the 
course of construction of a residential building, to analyze the 
ASIC (Automated System of Investor Control) system.4

The reports mention the scheduled date of construction comple-
tion, that is, 3 July 2017, but they do not mention the work com-
mencement date. We applied a regression approach to figure out the 
work commencement date: it was 07 March 2016. A huge amount of 
construction works nearing 170,000 m2 of the total floor space drew 
our attention while we were looking through the reports. Three spe-
cialists (their number is specified in the reports) are unable to check 
the whole amount of work performed by the contractors. Therefore, 
this data is based on the so-called control points. This means that 
the carryover of sampled measurement results to the general totality 
requires a respective error to be taken into account. The analysis has 
also revealed that the estimated date of the work completion can 
only be viewed as a certain median date. Hence, when the construc-
tion completion time is forecasted, the error of this approximation 
should also be taken into consideration. Certain aspects of selective 
(sampled) monitoring, aimed at assessing the quality of industrial 
developments, can be found in the article [13].

The software, that automatically processes the monitoring in-
formation with the help of the BIM design technology, is widely 
used in the construction industry. Software kit Autodesk Nevis-
works5 that comprises Autodesk Navisworks Simulate and Au-
todesk Navisworks Manage is among such software products. 
These software solutions are meant to support the construction 
phase and ensure proper coordination between the construction 
stakeholders. Moreover, MicrosoftProject and Primavera can share 
data with the project management software. The scheduling sys-
tem makes it possible to visualize the match between the planned 
work completion time and the 3D model. In the meantime, as con-
struction works progress, not only the scheduled dates of the work 
completion, but also the actual dates can be entered, thus demon-
strating the gap between the actual dates and the scheduled ones. 
Yet no probabilistic presentation of the work performance time is 
available in this software.

This analysis of various automated monitoring systems has re-
vealed a number of elements in need of improvement. We have 
selected the one that needs probabilistic scheduling to be added to 
the software that is already in use.

DISCUSSION

Project management software, that is capable of reflecting the 
random nature of works, has become widespread in construction 
scheduling. For example, a tool kit included into the Primavera soft-
ware, can analyze the risks that may cause delays. The PERT method 
is used to analyze deviations between the time needed to perform 

4  Setl Сity is the largest developer in Saint-Petersburg and Leningrad Region in 
terms of housing volumes under construction. Setl Сity. URL: www.setlcity.ru

5  Autodesk. URL: https://www.autodesk.ru

certain tasks/works and the project at large6. The Primavera Risk Anal-
ysis module, built into the Primavera software, allows to prognosticate 
successful project delivery with a high degree of probability [14].

The module capable of analyzing risks of work performance de-
lays is also integrated into the OpenPlan software7. This analytical tool 
employs the method of statistical trials or tests, allowing the computa-
tion of possible delays in work performance, phases, and the project 
as a whole. As a result, the OpenPlan software estimates the probabil-
ity of project completion within preset deadlines.

The MicrosoftProject software also uses the PERT method that 
serves as the basis of probabilistic scheduling8. The software uses 
three-parameter beta distribution to simulate the probabilistic con-
struction schedule. Three types of work performance terms need to be 
preset: optimistic a, most likely c, and pessimistic b to activate the 
construction schedule specified above. Three different work sched-
ules or timetables are compiled on the basis of this data. The optimis-
tic work performance term can be interpreted as a planned option 
while the pessimistic one is viewed as the least favourable one. It 
should be noted that neither software product, mentioned above, con-
tains any methodology designated for defining these characteristics. 
Therefore, it is assumed that all characteristics of random work perfor-
mance terms shall be determined by the user. In the MicrosoftProject 
software the anticipated performance term for each item of work is 
calculated using the following formula:

t w t w t w t1 1 2 2 3 3

6
,

w w w1 2 3 6,
	 (1)

where w1, w2 and w3 are weight multipliers and their sum is assumed 
to be equal to 6 in the software.

By default, weight coefficients have the following values: w1 = 1, 
w2 = 4 and w3 = 1, in line with the assumed beta distribution. Using 
variations of weight coefficients, one can calculate the average dura-
tion for various distribution types. For instance, assuming that w1 = 3, 
w2 = 0 and w3 = 3, one can calculate the average duration for the 
uniform distribution. It should be noted that the identification of 
weight coefficients is not supported by methodological recommen-
dations. Another shortfall in using beta distribution is the fact that it 
does not take management quality into account. Therefore, we as-
sume that a logical sequel to the given material would be considering 
random work durations used in the statistical modeling of distribution 
functions, depending on the management quality [15].

The formation of post-industrial development patterns gave rise 
to new types of industrial process organization, namely, territorial 
and industrial clusters, or simply clusters [6]. 

A cluster is a geostatistical notion. Depending on the scope of 
research, which may be performed on regional or urban levels, 

6  Oracle. URL: https://www.oracle.com/ru/applications/primavera/solutions/prod-
ucts.html

7  ITSMonline. URL: http://www.pmonline.ru/software/openp/

8  Microsoft Project. URL: https://www.microsoft.com/ru-ru/microsoft-365/project/
project-management-software?market=ru

Table 1. The data from three monitoring reports issued by SetlCity developer4 

Monitoring Beginning End Time, % Actual volume, % Forecast

No. 1 16.01.2017 26.01.2017 63.34 48.40 21.12.2017

No. 2 27.01.2017 09.02.2017 66.19 49.67 31.12.2017

No. 3 10.02.2017 20.02.2017 68.83 51.83 03.01.2018
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clusters can mean the key industries in a particular region that have 
competitive advantages, consolidated industry-specific activities 
in a city, or development enclaves in an urban environment [7]. 

METHODS

Let’s consider the substantiation of the shape of the random 
work duration distribution curve on the basis of the following em-
pirical fact: the probability of a smaller deviation from the planned 
duration is higher than the probability of a larger deviation from 
the planned duration [16]. Hence, the probability density of ran-
dom work duration is determined by the steadily decreasing (de-
scending) function. A proportionate managerial effort is needed 
to reduce the speed of the probability increase, which can be 
described by the following differential equation:

df t
dt

f t( ) ( ) , 	 (2)

where α is the proportionality factor.
By integrating equation (2), we obtain an exponential function 

of the probability density distribution where unlimited duration 
growth is allowed. To limit long delays, one could assume that 
statistical expectation and standard deviation are defined accord-
ing to formula (3). When such an allowance is used, the probabil-
ity of finding the work duration, defined by the range [a, b], will 
exceed 98 %, and the formula will look like this:

f t
b a

t a
b a

( ) exp ( ) .�
�

� �
�

4 4 	 	 (3)

Formula (3) includes the range of random duration changes, 
which basically depends on several external factors. At the same 
time, the organization of quality management hampers the prob-
ability growth of a long delay. Thus, we believe that management 
quality is an internal (in-house) factor dependent on the compe-
tence of construction management stakeholders. For the expo-
nential distribution, shown in formula (3), the maximum probability 
density matches the minimum delay in the performance of work. 
This distribution can indicate “good” management quality.

Let’s consider the example presented in work [17], which con-
firms the assumptions made above. Table 2 shows statistical data 

on delayed execution of construction contracts classified as 
fixed-cost contracts.

Line 1 of Table 2 identifies the ranges of delays; line 2 shows 
the centres of these ranges while line 3 mentions empirical delay 
frequencies. The fourth and fifth lines show calculated statistical 
characteristics of the presented sample. The sixth line provides cal-
culated frequencies with a range spread that is taken into account. 
The seventh line shows absolute errors in empirical and calculated 
frequencies. The analysis of their divergence reveals that the maxi-
mum absolute error amounts to 6 %, which quite satisfactorily ap-
proximates the empirical data. An indirect proof of the earlier made 
hypothesis can be found in monograph [18] where you may see a 
chart revealing an increase in the regulatory impact at the end of 
the process. The author of this monograph [18] claims that an inten-
sified managerial effort is required to make up for the delay if the 
process is nearing completion. 

However, certain statistical data that does not match the expo-
nential distribution is also identified in the construction process. In 
particular, work [17] provides statistical data on delayed construc-
tion performed under PRC (Percentage Rate Contract) and IRC 
(Item Rate Contract) agreements. This data is shown in Table 3 in 
the slightly modified form.

It should be mentioned that the lack of detailed drawings 
and calculations is an important feature of PRC and IRC agree-
ments, which, in our opinion, influences the nature of delay dis-
tribution between projects. The analysis of data in Table 2 also 
shows that the probability density may tend to increase as the 
delay gets longer.

While analyzing the exponential distribution, one may notice 
that the average random duration is expressed as m = 0.25 (b – a). 
The density reduction pace of this distribution probability is a vari-
able. However, if one assumes that the pace of the probability den-
sity reduction is a constant, then the probability density distribution 
can be expressed as a rectilinear decay (descending) function.

f t b t
b a

( ) ( )
( )

.�
�
�

2
2 	 	 (4)

If compared to the exponential distribution, the average prob-
ability density rises to m = 0.33(b – a), thus revealing lower 

Table 2. The statistical processing of delayed construction data pursuant to fixed-cost contracts 

1. Range of delays 0…20 % 20…50 % 50…100 % 100…200 %
Sums

2. Range centre 10 35 75% 150

3. Empirical frequencies 52.0 27.0 18.0 3.0 100 %

4. Average delay 32.7

5. Standard deviation 31.7

6. Calculated frequencies 46.0 31.4 14.8 2.8 95 %

7. Calculation errors 6.0 – 4.4 3.2 0.2 Max 6 %

Table 3. Statistical data on delays under PRC and IRC agreements 

1. Range 0…20 % 21…50 % 51…100 % 101…200 %
Sums

2. Range centre 10 35 75 150

3. PRC frequency 21.0 20.0 27.0 32.0 100 %

4. IRC frequency 23.0 15.0 29.0 33.0 100 %
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management quality. A uniform distribution, expressed by the fol-
lowing formula, follows management quality deterioration:

f t
b a

( ) .�
�
1

		  (5)

And finally, to reflect the potentially destructive nature of man-
agement, a linearly increasing (ascending) distribution can be 
used, which is characterized by the probability density growth in 
case of the delay increase. For this type of distribution m = 0.67 (b – a).

f t
t a
b a

( )
( )

.�
�� �
�

2
2 	 (6)

One can make a generalization on the basis of the analysis of 
above-listed distributions. The average sample, obtained as a result 
of the monitoring data processing, may serve as an indicator of man-
agement quality. The average value close to 0.25 (b – a) indicates 
“good” quality management, whereas random duration can be de-
scribed using formula (3). “Satisfactory” management quality corre-
sponds to the average value close to 0.33 (b – a) while the random 
duration can be described using formula (4). Management quality 
can be considered “poor” if the average value of the monitored sam-
ple is 0.5 (b – a), whereas the random duration will then be described 
using formula (5). For the average value close to 0.67 (b – a) man-
agement quality can be thought to be “destructive”, while formula (6) 
needs to be used for the description of the random duration. 

Since the incoming monitoring information can be extremely het-
erogeneous, we will further demonstrate procedures characterizing 
the practical aspect of statistical modeling of the future work schedule.

RESULTS

The following situations or scenarios can emerge in the process 
of using or processing the monitoring data.

The monitoring result may indicate that the average work delay is 
a rather insignificant value equal to 5 %, for example. This delay may 
be an indicator of “excellent” management quality which rules out 
the subsequent representation of the work as a random value.

In a different situation (scenario) the result of the work delay can 
only be defined as one figure. This may happen if the first or the only 
monitoring session is conducted in respect of the selected work. 
Therefore, the given figure can be assumed to be a pessimistic delay 
which, together with the planned duration, allows to calculate the av-
erage delay which is equal to 0.5 (b – a). A uniform distribution func-
tion can be used to perform the statistical modeling of the duration of 
such a work, due to its highest entropy [19].

In the third scenario, one should specify the works not included 
in monitoring measurements because their planned start dates fol-
low the date of monitoring. In this case the execution delay index 
defined as the b/a ratio can be the ratio of the planned homogenized 
volume of started and completed works to their actual amount. Un-
der this approach homogenized monitoring data is extrapolated to 
the execution of future works while the uniform distribution function 
can also be used in statistical modeling.

The fourth possible scenario deals with the initial state of con-
struction, when statistical data is unavailable. Under this scenario a 
model for figuring pessimistic durations of work performance, based 
on the method of space-time analogy [20, 21] can be recommended 
as a way to identify pessimistic work durations.

In the fifth scenario let’s consider the monitoring of data that fea-
tures pronounced modality. The central limit theorem shows that 
when a large number of random variables are summed up, the re-
sultant function can be represented as a standard distribution de-
scribed as the median value equal to the mode plus a standard 

deviation [22]. In our case this kind of data can be accrued in case 
of the consolidation of numerous simple works into one compound 
item of work. Since the normal description of distribution does not 
restrict the meaning of the random duration of work, a three-parame-
ter beta distribution is used in the project management software 
such as MicrosoftProject. Yet for practical purposes it is necessary to 
substantiate each parameter and, in order to do this, a representative 
set of monitoring data is required. However, it turns out that the 
amount of monitoring data is insufficient and therefore we propose 
using a two-parameter beta distribution represented by the formula: 

f t t a b t
b a

( ) ( )( )
( )

.�
� �
�

6
3 	 (7)

The average duration for the given distribution equals to m = 0.5 
(b – a). Thus, the set of recommendations takes account of the het-
erogeneity of the monitoring information.

Almost all modern software products have a built-in generator of 
random numbers (Rnd), generating evenly distributed random num-
bers ranging from 0 to 1. The formula for calculating a uniformly dis-
tributed random duration will then look like this:

t a b a Rnd� � �� � . 	 (8)

We use the methodology, outlined in [22], to come up with other 
formulas designated for calculating random durations of works. Let’s 
demonstrate how it can be applied to the generator of random work 
durations that gives rise to the exponential distribution of the proba-
bility density. We find primitive function F by way of integration of 
distribution f(t) expressed using formula (3): 

F

a t
b a

b a
dt

a t
b a

�

�� �
�� �

�

�
�
�

�

�
�
�

�� �
�

�� �
�� �

�

�
�
�

�

�
�
��

4
4

4
exp

exp . 	 (9)

As for this function, we further identify an inverse function where 
we substitute Rnd for F. Ultimately, the relation between the exponen-
tial generator of random work durations and the uniform generator 
can be expressed by the following equation:  

t a b a Rnd� �
�
4
ln( ). 	 (10)

The transition from uniform generator Rnd to the generator of ran-
dom durations, producing a linearly descending triangular distribu-
tion, is made using the formula:

t a b a Rnd1 .		  (11)

A similar generator of random durations, producing a linearly as-
cending triangular distribution, will be found using the formula:

t a b a Rnd� � �� � . 	 (12)

A generator of random durations, producing random work dura-
tions in accordance with the two-parameter beta distribution, can be 
expressed by formula (13):

t a b a Rnd Rnd Rnd2 3 22 3 . 	 (13)

A distinctive feature of formula (13) is that a primitive distribution 
function cannot be converted into an inverse function. Therefore, it 
has been simplified to demonstrate the approximate nature of the 
generator of the two-parameter beta distribution. This distribution 
approximation data is brought together in Table 4, and a correspond-
ing comparison chart is provided in Fig. 1.

The analysis of the data, provided in Table 4, shows that the 
maximum absolute error in the adopted approximation reaches 7 %. 
Other generators reviewed above have notably smaller errors. The 
comparison of theoretical and experimental data for these genera-
tors has identified that the maximum absolute divergence does not 
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exceed 2 %. This error is explained by the number of trials (tests), but 

it can be reduced due to a larger sample.

It should be noted that missing monitoring data or even their com-

plete absence makes the biggest contribution to the resulting error; 

hence, the proposed methodology applies to the tasks of nonpara-

metric statistics [23]. A characteristic feature of such tasks is the devel-

opment of specific procedures that determine the processing of small 

data samples.

All presented generators of random work durations have two pa-

rameters, one of which defines the determined (planned) character-

istic of the work duration while the second parameter defines its pes-

simistic value. Automated statistical modeling, based on non-uniform 

information monitoring, is realized in MicrosoftProject. This software 

selection is rationalized by the fact that it has a tool kit that enables 

the development and use of user macros.

EXAMPLE

We’ll show how the proposed methodology can be applied to the 

forecasting of the construction completion time using monitoring re-

ports provided by ASIC Co. and shown in Table 1. We’ll present the 

data used in the form of consecutively completed construction phas-

es shown in Fig. 2 and Table 5. The commencement and completion 

timeframes for all phases represent fixed dates and median values. 

Monitoring phases are followed by the stage related to the forecast-

ing of the construction completion time, based on the statistical mod-

eling of the duration of this phase. The dates, corresponding to this 

data, are converted to calendar days counted as of the beginning of 

Table 4. Approximation of two-parameter beta distribution 

Class number 1 2 3 4 5

Left bound 0 0.125 0.375 0.625 0.875

Right bound 0.125 0.375 0.625 0.875 1

Approximation 7.7 % 23.0 % 41.9 % 21.2 % 6.2 %

Theory 3.5 % 28.1 % 37.5 % 28.1 % 3.5 %

Table 5. The monitoring data that defines the parameters of forecasted time of construction 

Report number Time, days Actual volume, % ASIC delay forecast Phase duration, days Phase volume, % Delay index b/a

No. 1 319 48.40 151 319 48.40 1.31

No. 2 333 49.67 161 14 1.7 2.24

No. 3 346 51.83 164 13 2.6 1.22

Max b/a = 2.24

Average b/a = 1.33

Fig. 1.  Graphical approximation of beta distribution

Fig. 2. Graphical Mapping of Forecasting Results

Tplan = 503 d

Tplanf(t)
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construction activities. This recalculation resulted in obtaining 
planned construction duration Tplan = 503 days.

Submitted monitoring reports contain no reference to the method 
used to figure the forecasted delays in construction completion. Yet 
the analysis has revealed that the method of linear extrapolation 
might generate the most precise results, which are closest to true 
facts. The calculation of forecasted construction delays, using this 
method, yields the following results: 156 days, 167 days and 164 
days, respectively. These delays differ from the results presented in 
monitoring reports by less than 6 days, which is within the limit of the 
relative error of 4 %. As a result, we choose the method of linear ex-
trapolation as the basis for further calculations.

The works of the first phase took 319 days. Yet if we use the 
method of linear extrapolation to figure the planned duration of 
works, we get the following result: 503 ∙ 0.484 = 243 days, which 
means that 76 days were lost. The ratio of the actual duration con-
strued as a pessimistic duration to the planned duration will be  
b/a = 319/243 = 1.31.

The second phase took 14 days while in fact the volume of work 
was completed by 1.27 %. Therefore, the planned duration should 
have been 503 ∙ 0.0127 = 6 days. As a result, 8 calendar days are ir-
revocably lost, and the respective untimeliness (tardiness) index 
equals to 2.24.

The work of the third phase took 13 days, with 2.16 % of work 
actually done. According to the plan, 503 ∙ 0.0216 = 10 days should 
have been dedicated to the work performance; hence, 3 days were 
irrevocably lost, and the respective tardiness index is equal to 1.22.

As a result, 85 days were irrevocably lost as of the date of the lat-
est monitoring completion. This means that if the same pace of con-
struction is planned for the prognostication period, the planned dura-
tion of work should be extended by 85 days. This figure can be 
interpreted as the main delay, since no extra production resources are 
planned as a compensation. Let’s assume that the monitoring com-
pletion date should be the zero time. As a result, the planned comple-
tion of construction work, which will presumably follow an optimistic 
scenario, will equal to a = 503 – 346 + 85 = 242 days. The pessimistic 
duration of construction works will then be defined as the maximum 
index, that is 2.24, and it will be equal to b = 242 ∙ 2.24 = 542 days. 

The average weighted tardiness index, calculated with regard for 
the weights of proportionate volumes of executed work, equals to 
1.33. As it was determined earlier, this value defines management 
quality as “satisfactory”. As a result, we use the linearly descending 
triangular distribution expressed by formula (4) as the probability 
density distribution function.

The results of statistical modeling are provided in Table 6.
The theoretical value of the average extra delay, shown in Fig. 2, 

equals to 100 days. Having analyzed 3,000 statistical tests or trials, 
we obtain the average extra delay of 117 days, with the total delay 
being equal to 85 + 117 = 202 days. Hence, the delay, generated by 
statistical modeling, is almost 2 months longer than the delay pro-
duced by similar forecasts presented in monitoring reports.

Yet the reported data show that the delay increases with the in-
crease of the work performed. This growth can be approximated in 

the form of a linear trend outlined in the following regression equa-
tion:

T Vforecast 3 534 17 9, , ,

 

		 (14)

where ΔT forecast is the predicted delay of construction completion 
in days; V is the amount of work completed in percent.

If 100 % of the executed construction volumes were substituted 
in equation (14), a respective median delay would equal to 335 days, 
which is way above the average figure obtained on the basis of our 
statistical experiment. Unfortunately, a more detailed comparison 
with practical monitoring data is impossible due to the lack of infor-
mation about the predictive model used by the ASIC system.

CONCLUSION

We’ve developed a construction completion forecasting meth-
odology, based on statistical modeling and adapted to the non-
uniform (heterogeneous) monitoring data. Informational heteroge-
neity of the monitoring data deals with its quantity and quality as 
well as the possible extrapolation of data to the work to be per-
formed in the future. Taking quality management into consideration 
in terms of the description of random work durations allows using 
adequate functions for distributing random work durations. As a 
result, further application of statistical modeling ensures more pre-
cise calculations of forecasted construction completion delays 
based on the differential modeling of statistical characteristics of 
certain works.
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Fig. 3. The histogram of statistical modeling results and the the-
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Table 6. The monitoring data that defines the parameters of forecasted time of construction 

Extra delay, months 1 2 3 4 5 6 7 8 9 10

Modeling result 17.2 % 17.3 % 15.5 % 14.3 % 10.7 % 9.2 % 6.5 % 4.8 % 3.3 % 1.2 %

Theoretical result 18.2 % 16.4 % 14.5 % 12.7 % 10.9 % 9.1 % 7.3 % 5.5 % 3.6 % 1.8 %
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Прогнозирование окончания 
строительства на основе статистического 
моделирования и информационно 
неоднородного мониторинга
Современное строительство представляет собой сложный 
производственный процесс, эффективное регулирование ко-
торого основано на получении сведений о сроках выполнения 
строительных работ посредством мониторинга. Задержка вы-
полнения отдельных работ, как правило, срывает дату ввода 
строительного объекта в эксплуатацию, что приводит к увели-
чению затрат на управление проектами, выплатам различных 
неустоек и к упущенной выгоде. Существующие системы мо-
ниторинга требуют совершенствования за счет применения ве-
роятностного календарного планирования, ориентированного 
на прогноз сроков окончания отдельных работ и строительст-
ва в целом. В качестве основы совершенствования строитель-
ного мониторинга рассматривается учет качества управления 
в применяемых при статистическом моделировании функций 
распределения случайных продолжительностей работ. Для со-
вершенствования статистического моделирования предлага-
ется ввести шесть функций распределения случайных продол-
жительностей, отражающих качество управления. При этом 
для определения оптимистичных характеристик целесообраз-
но использовать планируемые длительности работ. В качест-
ве пессимистичных параметров распределений необходимо 
использовать данные из мониторинговых отчетов. В монито-
ринговых отчетах содержатся информационно неоднородные 
сведения вплоть до отсутствия информации по некоторым ра-
ботам. Поэтому для отсутствующих данных пессимистические 
длительности следует определять расчетным путем, исполь-
зуя, например, метод пространственно-временной аналогии.

Ключевые слова: строительный мониторинг, календарное 
планирование строительства, управление проектами, неод-
нородность мониторинговой информации, статистическое 
моделирование графиков строительства
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