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Abstract: The risk of untimely performance of work is a negative phenomenon, whose neutralization needs
adequate control methods. The current publications on this subject deal mostly with the methodological
aspects and do not answer the key question – which specific mechanism can be used to predict the
untimeliness in terms of quantity. For the systematic analysis of the issue we use the techniques of
mathematical modeling, theory of probability and mathematical statistics, taking into account the practical
requirements of construction. A theoretical basis is supplied and experimental tests are performed for the
universal generator of random durations, in which generator the complex function of the probability density
distribution relative to the random duration is determined based on the following statements. The minimal
duration of operation equals the planned value, whereas the maximum is determined by such limiting index of
the delayed construction in which this ends in zero profitability. The growing force that opposes the deviation
of duration from the schedule is a theoretical basis for the exponential distribution. The constantly opposing
force gives every reason for using a triangular distribution pattern, while the absence of the opposing force
substantiates the use of the uniform distribution. The consideration of the ability to manage time in the calendar
probability plan of construction work made it possible to calculate random job durations according to the
pessimistic, optimistic and most likely distribution of durations with a relevant regard to the weights determined
based on the scholastic quality control method.
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INTRODUCTION obligations it becomes necessary to create an

The world's project management practice has [3-5].
established that the  risk  of  untimely  work performance Analysis of the causes of untimely work performance
is  a   negative   phenomenon   whose  neutralization made it possible to categorize them in two classes based
needs  adequate  management  [1].  This  issue,  along on subjective and objective factors. The objective factors
with the budgetary discipline, receives much attention. of deviation from the schedule imply those which
For instance, the research paper [2] tackles a topical practically do not depend on the managing subjects, for
question of how to realize the projects within the fixed instance, weather conditions on the construction site,
budget. The importance of the issue depends on the fact unclear definition of the work contents, assumption of a
that in case of non-performance of the contracted hypothesis  of  the uniform  performance  of  work  over a

organizational mechanism for distributing responsibilities
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period of time, etc. Conversely, the subjective factors of
the work time loss depend, to a large extent, on the (2)
managing subjects. Based on the principles of such a
classification, the subjective factors resulting in risks of
the untimely work performance may include truancy, the where "m" and [sigma] are a mathematic anticipation and
performers' inferior professional skills, subcontractors' a standard deviation.
carelessness, etc. The managing subject can influence The common drawback of this distribution is a sweep,
and change those factors by replacing the performers. theoretically contained in the [- , + ] range. In this case,

It is obvious that for some objective causes of risks whereas +  can be construed as infinite work  duration,
of untimely work performance it is rather difficult to the negative duration challenges all explanations from the
determine their statistic characteristics. With extra practical viewpoint. Formula of logarithmically normal
consideration of the subjective factors this job becomes distribution is offered as a partial rectification of the
still more complex. Therefore the quantitative model of the above said fault:
untimely work performance must be based not on the
synthesis of probabilities of occurrence of certain causes
but on application of integrated models of mathematical (3)
statistics. Under such circumstances in forming the
random duration generators (RDG) it is necessary to take
into account both incompleteness of information and total where [alpha] is a positive parameter limiting the minimum
lack of it. duration of the operation.

MATERIALS AND METHODS parameters, which essentially restricts its use. It should be

Let's consider the existing methods of modeling number of parameters plays an important role since each
random operation duration. By definition, the random of them requires substantiation by statistic data
duration generator is a term applied to the function of processing or by a theoretical model. The latest theory of
distributing random operation durations, which function restrictions may help to resolve this issue [9].
is used in static modeling of work in the construction's
calendar plans. The Main Part: Using this approach as a methodological

The well  known  project  management  software conception, an effort must be made to develop such an
(such as Microsoft Project, Open Plan, Primavera) RDG which includes the distribution functions with the
employs a three-parameter beta-distribution. In modern greatest number of parameters. In doing so we believe
project management work this distribution is characterized that the optimal number of parameters should contain two
as a means of determining the random duration based on marginal values: minimum –a and maximum –b durations.
three points [6]. However, it is necessary to note here the The planned work duration is to be taken for the
illogicality of interpreting the maximum value of the beta minimum one, which is proved by the empirically
distribution's differential curve [7]. At the same time, the established factor, described in [8, p.100]: “The work is
practice shows that over-fulfillment of the plan is unlikely done in the time allotted to it.” Additionally, it should be
[8] and in some cases inadmissible. Therefore it becomes pointed out that the planned duration of construction and
unclear why the minimal, not the planned, timeframe is accomplishment of certain separate works is always set as
considered optimistic. However, the optimistic duration is a standard or as a directive in compliance with the
not included in the beta-distribution (two-parameter type), construction project by way of an expert agreement while
though graphically it is present due to the fashion: concluding the contract. Thus it is obvious that the

the optimistic scenario of the anticipated work
(1) performance.

A normal distribution is employed for different work duration, an approach based on the logics which we
applied purposes. Its differential formula is given below: shall  present  using an example of the Russian legislation.

However, this distribution includes three set

noted that for the static modeling of calendar plans the

calendar schedule of construction implies from the outset

The authors propose, for determining the maximum
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In 2004, a Russian Federation law on shared-equity
construction was enacted [10]. According to it, the builder (5)
is proprietarily responsible to the equity-holders for the
untimely commissioning of the facility. Today, the amount Assuming that the opposing force does not depend
of proprietary commitment is set at one hundred fiftieth on the deviation value, one obtains an integrated
share of the Russian Federation Central Bank's equation (4) leading to the triangular type of the
refinancing rate for each day of delay. If the refinancing probability density distribution function:
rate is taken for 9% per annum, then each day of the delay
in performance of obligations will amount to 0.06% of the
contract value. Considering that the contract value (6)
includes the builder's profits equal to, for instance, 12%,
then its complete depletion by penalties will correspond Further, if we accept the fact that there is no
to 200 delay days. If the contractual facility construction opposition to the untimely work performance, then this
duration equals 400 days, then, in case of a delay up to will correspond to the uniform distribution:
600 days, the profits will drop to zero. As a result, the
maximum index of the facility's untimely commissioning
will be 1.5. Thus the customer will be able to extrapolate (7)
the maximum index of the untimely work performance onto
all contractors. For practical purposes, it is safe to assume that the

Further, for substantiating the type of the curve mathematical prediction makes up a fourth of the
representing the distribution of the work random duration conventional durations sweep [a, b]:
one can use the following empirical fact. The probability
of the smaller deviation from the planned duration will
exceed the probability of the greater deviation from the (8)
same planned duration. Hence the consequences: the
curve representing the distribution of the probability Then it would be logic to believe that the exponential
density of the random duration is the monotonically distribution is divided into quartiles equal to the width of
decreasing function. However, there is a fairly large the standard deviation whereas the mathematical
number  of  monotonically  decreasing  functions on  the prediction will divide the sweep in a ratio of one to three.
[a, b] stretch, which is why in order to decrease  the  initial In this presentation the exponential distribution will
number we shall apply a condition resulting from the ensure the correct generation of more than 99% of random
consideration of the opposition to the untimely work work durations.
performance. The transition from the uniform generator to that of

Let's analyze the first derivative of the probability the triangular distribution of random durations proceeds
density in time df(t)/dt. Admittedly, in the monotonically according to the formula:
decreasing functions the reduction of the probability
density in time occurs due to the performer's regulation
applied to the predicted increase of the untimeliness of (9)
work performance. If the change of speed at which the
probability density decreases is proportional to the where Rnd is a uniform generator of random numbers in
probability density as such, then this can be described by the range [0.1].
the following differential equation: A similar formula for the exponential distribution is

(4)

where [alpha] is the proportionality coefficient.
Integrating equation (4) produces the exponential PERT modeling used by the Microsoft Project

function of the probability density distribution which, in software enables the user to introduce weights in order to
rating the parameters, can be presented as follows: vary the values of individual probability characteristics of

the following:

(10)
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the work in progress. The introduction of similar 2. Lich, L., 2010. On time and within budget. Critical
parameters into the developed multiple purpose generator chain project management (transl. by U.Salamatova).
of random durations can be presented by the following Moscow, RU: Alpina Publishers, pp: 354.
formula: 3. Trauner, T.J., 2009. Construction delays:

correctly. London, UK: Elsevier Butterworth-

(11) M.F. Nagata and B.J. Furniss, 2009. Construction
Considering the included weights, the random delays: understanding them clearly and delay

duration of work will be determined based on a single analysis in construction analyzing them correctly,
uniform generator of random numbers according to the London, UK: Elsevier Inc., pp: 233-256.
following formula: 5. Louzolo-Kimbembe, P. and E. Mbani, 2013. New

to the case construction projects in the Republic of

(12) 6. A guide to the project management body of

In this case, the weights introduced into formulas (11) Management. Project Management Institute (PMI),
and (12) can be computed by the scholastic quality PA. 2008. Date Views 01.04.2013 http:// rutracker.org/
control method [11]. For the practical calculation of the forum/ viewtopic.php?t=2831128/.
random work durations by formula (12) it is necessary to 7. Bolotin, S.A., A. Ch. Dadar and I.S. Ptuchina, 2012.
use in the Microsoft Project software the user's columns Improving the PERT method in  the  statistic
Duration 1, Duration 2, etc. as this is done in the PERT modeling of calendar plans. Bulletin of Civil
method. The theoretically and experimentally Engineers, 2(31): 132-137.
substantiated forms of monotonically dwindling 8. White collars' labor productivity. 1989. Moscow, RU:
distributions were proved by the research paper [12] Progress, pp: 248.
which supplies data on the untimely performance of 9. Youngman, K.J., 2013. How much time is necessary?
construction contracts. Date Views 02.05.2013 http:// www.dbrmfg.co.nz/

CONCLUSIONS 10. On participation in shared-equity construction of

The time management in the probability calendar amendments to some of the Russian Federation legal
construction planning makes it possible to calculate the acts. Federal law No. 214-FZ Edit., as of 30.12.2004.
random job durations according to the pessimistic, 11. Bolotin, S.A., and A. Ch. Dadar, 2010. Determination
optimistic and most probable duration distribution pattern of the error of qualimetric estimation of the weights of
with a due regard to the weights determined based on the additive quality values of calendar construction
scholastic quality control method. plans. News of Higher Educational Institutions:
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