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Abstract. Construction projects of buildings and structures, as well as plans of construction and 
installation works are often subjected to fair criticism from the Pro-producers of the work. Such criticism is 
that the calculated cost value and long lasting-STI CMP does not take into account the specificity of real 
contractors. To address these criticisms and proposals were developed for the assessment of such 
intensity values of SMR production, which most realistically take into account the actual conditions of 
construction and Contracting organization. The application of the classical methods of probability theory 
simplifies the procedure of collecting background information and in some cases allows you to use the 
results of the numerical experiment. Computational procedures require special training and is easily 
amenable to automation (programming). The result of the research represents the author's method of 
estimating the quantitative strength value of organizational and technological reliability with regard to 
construction, manual processes, and technological solutions providing leading mechanization, subject to 
the calculation of the intensity of works as the sum of labor productivity of employed workers. 

Аннотация. Проекты возведения зданий и сооружений, а также планы производства 
строительно-монтажных работ весьма часто подвергаются справедливой критике со стороны 
производителей работ. Такая критика состоит в том, что расчетные значения стоимости и 
продолжительности СМР не учитывают специфику реальных подрядных организаций. Для 
устранения этих критических замечаний разработаны предложения по оценке такого значения 
интенсивности производства СМР, которое наиболее реально учитывает фактические условия 
строительства и подрядной организации. Применение классических методов теории вероятностей 
значительно упрощает процедуры сбора исходной информации, а в некоторых случаях позволяет 
использовать результаты численного эксперимента. Вычислительные процедуры не требуют 
специальной подготовки и легко поддаются автоматизации (программированию). Результат 
выполненных исследований представляет собой авторский способ оценки количественного 
значения организационно-технологической надежности применительно к строительным 
процессам, выполняемым вручную, а также к технологическим решениям предусматривающим 
работу ведущих средств механизации при условии вычисления интенсивности производства работ 
как суммы производительности труда занятых рабочих. 

1. Introduction 
The aim of the study was to determine the order of evaluation of organizational and technological 

reliability of construction processes. 

In practice, organizational-technological design, the calculated values of the duration cost and 
duration of construction are very often at odds with actual unit price of construction products, as well as 
terms of input of objects in operation. Over the past 50 years did not stop attempts to increase the level of 
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reliability of the duration and cost of construction, including as a result of practical application of the index 
of organizational-technological reliability (OTR) the project indicators. For the period developed many 
approaches to the calculation of quantitative values of OTR. From the point of view of the author, the 
stump of the reliability obtained in the design of organizational and technological solutions does not 
always provide the required accuracy. 

Object of research are the processes of production of construction works. Subject of research: the 
ability of organizational and technological processes construction of buildings and structures to make 
construction products in a specified period (including, without exceeding the set price). 

Most of the authors of the publications included in this work, under the organizational and 
technological reliability (OTR) understand quite exhaustive, which became a classic definition provided by 
one of the pioneers of engineering in construction A. A. Gusakov [1]. It is important to emphasize that the 
concept of organizational– technological reliability in the publications is rather widespread. The results of 
the study while this index in a variety of fields including design, creation of construction products and 
buildings and structures allow you to combine the application of OTR in three groups: the design of 
building structures, operation of machines, mechanisms and technological equipment and construction 
and installation works manually. 

Probabilistic structural analysis most often relies on the formal definition of distribution functions of 
magnitude "reliability". Calculation of quantitative indicators of sustainability, values of strain are 
considered as the result of changes in external loads and simultaneous variations of the resistance of 
structures to external influences. The problem of determining the reliability of structures is reduced to 
calculating the probability of a loss of resistance (the onset of the limit state), which is represented by the 
graphical intersection of the distribution function of the loads (or forces) and the distribution function of 
measure describing the resistance to these loads [2]. 

Assessment of organizational and technological reliability of operation of means of mechanization 
in construction can be subdivided into two parts. The first part involves determining the probability of 
failure-free operation of machines and mechanisms, and the second is providing the most comprehensive 
resource utilization of mechanization in the construction of buildings and structures. If the order of 
evaluation of reliability of technical systems is governed by the regulations of the current Russian national 
system of standards GOST R 5190.5-2005, the assessment of the OTR operation of technological 
systems and kits has a variety of original approaches [3]. 

To calculate the value of OTR in relation to the execution of construction works in Russia there is 
no normative document that defines the execution order of the calculations. Probably, the lack of a 
standard should explain the impressive number of published proprietary methodologies designed to 
assess the reliability of the processes of construction of buildings and structures, each of which uses, 
sometimes, unique conceptual apparatus and offers to determine the OTR: "the construction organization 
[4], elements of the organizational structure of an investment construction project", "housing construction 
[5–7]". You should pay attention to the practical application of the indicator OTR when planning: defining 
"matching sequentially executed [8]", using the "binary structure in terms of a probabilistic temporal 
parameters [9]”, “definition of duration of the critical path [10, 11]". Approaches to the assessment of 
organizational and technological reliability, taken separately is the technological process are cited in 
published works A.A. Lapidous [12], I.K. Poteryaeva [3], P.P. Oleynik [13], V.R. Molodetskiy [14], 
P.N. Kurochkin [15]. 

Among the methods used to calculate quantitative values of OTR found in the published works, 
include: 

- methods of probability theory: determination of the mathematical expectation [8, 9] as the 
evaluation of reliability (probability) of the results (the accuracy of the prediction table. 1 [3]); the integral 
of the distribution density function of Laplace [16], Poisson "flow" of failures [17], the function of the beta 
distribution probability density of a random variable [18], assessment of deviations from specified 
parameters [19], the "clearance" of a number to adequately sample [20]; 

- the construction of mathematical models: spatial reliability using K-dimensional cube [4], a 
simulation model "input – output" [21], ABC-analysis [22], the Kohonen self-organizing maps for 
clustering of network elements [23], figure Kiviat petal-type [24], "dummy poles" on the histogram [14], 
the model Black–Scholes [25]; 

- application of fuzzy set theory [12]; 

- the use of standard methods [26], Russian State Standard GOST R 27.606-2013, based on the 
RCM methodology [27, 28]; 
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- expert evaluation [15]; 

- structural-matrix approach [29]; 

- PRI-reliability index as the ratio of the actually performed volume to the plan [30, 31]. 

Summing up the interim, it is necessary to note especially the definition of organizational and 
technological reliability. To assess the technical reliability (availability or time to failure) are characteristics 
of operational reliability, among which the most often are: time to failure, probability of failure, the 
overhaul life of components and aggregates, factors of readiness, technical use. In addition, technical 
systems, in most cases, belong to this category of systems in which the creation of reserves, providing a 
given level of reliability, very difficult, but if possible, it is quite expensive. Unlike technical systems, 
organizational and technological decisions of construction of buildings and armed represent the 
interaction of people and mechanization. This interaction is stochastic in nature, which is "absolutely not 
taken into account either by the organizational-technological documentation, nor in the existing 
normative-reference base (building regulations, etc.) [4]". These methods estimate the probabilistic 
nature of intensity of construction and installation works, or time-consuming and require special training, 
or do not provide the required accuracy of calculations. 

The aim of the study was to determine the order of evaluation of organizational and technological 
reliability of construction processes. 

Objectives of the study: 

- to systematize calculation methods of organizational-technological reliability in the practice, the 
development of projects of construction of buildings and structures; 

- to define the scope of the practical application of the author's approach taking into account the 
specifics of construction processes. 

2. Research methods 
In this paper we use classical methods of probability theory, suggesting the most likely outcome 

observations, and if such measurements are impossible (or difficult) to apply the methods of numerical 
experiment. The curve of cumulative probability (cumulative curve) is performed using standard methods 
of probability theory.based on the conditions not more (or less) of a given (technical or normative) values. 
For sampling the initial values describing the behavior of the process is proposed to carry out field  

3. Results and Discussion 
Differences of reliability of functioning of technical systems and organizational-technological 

solutions of the construction pay attention to the features of the sequence of construction and installation 
works. The degree of involvement of technical systems in the processes of construction of building 
structures it is easy to identify three groups: 

- the first group includes jobs that are mechanized (for example, earth-wide, performed for the 
most part manipulators: bulldozers, scrapers, excavators); 

- the second should include the processes involving the interaction of people and leading 
machines, it is impossible to perform work in the absence of at least one of the parts (for example, 
installation of precast concrete structures: interaction of the lifting mechanism and management (team) 
installers, or concrete mixture, where interact the leading machine – paver and link concrete workers); 

- the third fall of work carried out without direct participation of the master, i.e., hand (stonework, 
installation of partitions of gypsum boards, installation of reinforcement frame, etc.), including the use of 
hand-held power tool. 

The calculation of the reliability of the operation processes assigned to the first group, defined by 
the uptime manipulators (technical systems) and governed by applicable regulations  
GOST R 51901.5-2005. The performance of the funds mechanization in this case depends on the skill of 
the driver (operator) driving the car, as well as rational formations of a set of machines (such as 
excavator – car-truck). As the experience of the author, it is rarely possible to avoid complex (for 
example, when working excavator – car-truck most often, the number of the auxiliary machines is chosen 
considering the conditions of continuous operation of the presenter unit of the excavator). 

For organizational and technological solutions related to the second group, we have to solve the 
problem of determining the rational ratio of the number of workers in the chain necessary to ensure the 
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smooth operation of the master based on the current state elemental estimate standards for construction 
work (SEES). As an example we present the calculation for the number of workers in the link to 
organizational and technological solutions representing the interaction of people and the main machine 
(crane and concrete pump) that is used when laying concrete mixture in the overlap (Russian state 
itemized construction estimates GESN 81-02-06-2017.). The results of the calculations are given in 
table 1. 

Table 1. Labor costs and time the leading machines for the construction of slabs in small-
panel formworks (concrete mixture), for 10 m2 of the ceiling structure (SEES 06-01-103) 

No Table SEES 
Costs time the main 

machine mash.h. 
Labour cost, people. 

The estimated number of 
workers in the link, people. 

The concrete mixture, tower crane, lifting capacity 8 tons. 

1 06-01-103-1 1.79 20.35 11.37 

2 06-01-103-2 1.90 20.35 10.71 

3 06-01-103-3 2.02 20.83 10.31 

4 06-01-103-4 2.14 21.06 9.84 

The concrete mixture, the concrete with the capacity of 65 m3 / h. 

5 06-01-103-5 0.81 20.01 24.70 

6 06-01-103-6 0.93 20.01 21.52 

7 06-01-103-7 1.16 20.47 17.65 

8 06-01-103-8 1.28 20.71 16.18 

 

Does not require proof procedure for computing the number of workers required for laying of 
concrete mixes with the target intensity (performance): 

M
R

R

R
N 

 

(1) 

where NR is the number of workers in the team (crew), persons (column 5, tab. 1); 

- R – the cost of labor established a standard to perform unit work volume, person / h (column 4, 
table. 1); 

- RM – time costs of the basic technological machines set the standard for of the compliance unit 
volume of the work, mash. h (column 3, tab. 1). 

Different values of the number of workers (column 5, tab. 1) are not integers. In this regard, the 
engineer-technologist to calculate the duration of works (in this example, bridging), you must set the 
intensity value of the production for maintenance of organizational-technological solutions of laying of 
concrete mixes. Obviously, to take the number of workers in a part different from an integer value, 
contrary to common sense. In this regard, for practical calculations the author uses the expression: 
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(2) 

where WI – the intensity (capacity) of the production work for the given organizational-technological 
solutions; 

- WM – performance main (host) machine organizational and technological process involving the 
interaction of people means of mechanization of construction and erection works (performance of the 
basic machine is associated with downtime of the machine, necessary to perform individual scope of 

work the proportion: 

M

I
R

1
W  ). 

The study of the expression 2 to calculate the intensity of construction and installation works in the 
functioning of organizational and technological solutions, which is the interaction between machines and 
workers, can make a simple conclusion about the existence of reserve production capacity. The reserve 
is the result of rounding up or down the number of workers in the team (team). The value of the stock of 
production capacity, the formation of financed project as a result of rounding, is given in table. 2. 
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Table 2. The estimated intensity value for the organizational-technological solutions of 
laying of concrete mix in the overlap (SEES 06-01-103) and the amount of internal reserve power 

Table SEES 

Option 1: working with a lack Option 2: working with excess 

Col. 
working, 

people., NR 

The intensity 
of work, m2 

in h,, WI 

Stock power on 
the car: 

Col. 
working, 

people., NR 

The 
intensity of 
work, m2 in 

h,, WI 

Power reserve 
working 

m2 in h % m2 in h % 

1 2 3 4 5 6 7 8 9 

The concrete mixture, tower crane, lifting capacity 8 tons. 

06-01-091-1 11 5.41 0.18 3.24 12 5.59 0.31 5.26 

06-01-091-2 10 4.91 0.35 6.63 11 5.26 0.14 2.63 

06-01-091-3 10 4.80 0.15 3.02 11 4.95 0.33 6.26 

06-01-091-4 9 4.27 0.40 8.55 10 4.67 0.08 1.59 

The concrete mixture, the concrete with the capacity of 65 m3 / h. 

06-01-091-5 24 11.99 0.35 2.85 25 12.35 0.15 1.19 

06-01-091-6 21 10.49 0.26 2.40 22 10.75 0.24 2.20 

06-01-091-7 17 8.30 0.32 3.66 18 8.62 0.17 1.96 

06-01-091-8 16 7.73 0.09 1.11 17 7.81 0.40 4.83 

 

In the case that the duration of works is calculated in terms of intensity equal to the operating 
performance the main (host) machine (WI = WM, variant 2, column 7, table. 2), then the value of 
organizational-technological reliability largely depends on the probability of uninterrupted operation of 
machines and tools and is evaluated on the basis of the existing norm of positive documents (GOST). If 

the duration calculation done on the total value of productivity of workers (
R

N
W R

I  ,option 1, column 3, 

tab. 2), then OTR is determined by the probability of replacement jobs in the prescribed volume element 
of concrete (for this example). These findings do not take into account the economic impact of the length 
for alternatives 1 and 2 (table. 2). 

Organizational and technological reliability of construction works performed manually, in most 
cases, eliminates the calculation of the technical reliability of the means of mechanization used as the 
master process. However, the destabilizing factors make the technology of construction of building 
structures in stochastic processes. These methods assess the reliability, as a rule, very time consuming, 
and their practical use requires special training in the field of probability theory and mathematical 
statistics. According to the author, to simplify the estimation of the probability of execution of works in 
time is possible under condition of the compliance calculation procedures in relation to the array of values 
that describes the measure of productivity for a certain period of time. 

The accumulation of information about the performance of the work, describing construction 
processes performed manually may take from several days to several months. For example, when 
monitoring the productivity per hour for the accumulation of an array of 100 values enough 13 shifts. If the 
initial information to consider the performance in change, can require up to 4 months. It is important to 
emphasize that in terms of time performance in shift, you must enter the correction factors that account 
for the unevenness of the intensity of work for one shift (or example, the performance one hour before a 
lunch break is often lower afternoon by 25–35 %). 

The practical application of the indicator "organizational and technological reliability" involves the 
solution of tasks that are correctly grouped into two groups. The first group – the task of finding the 
reliability (validity) of the quantitative values of indicators describing the process of functioning of 
technological process in construction (typically, the performance or the intensity of production work). The 
second group includes tasks that are usually called about the inverse, that is, for a given level of reliability 
(reliability) should be determined quantitative value of the indicator. From the point of view of the author, 
the greatest value in practice, the construction of objects of civil and industrial use has increased intensity 
(productivity) of the work. The solution of direct and inverse problem, it is advisable to illustrate on the 
graph (Fig. 1a, b). 
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Figure 1. Schedule of functions of random variables WI: a) distribution density;  
b) the curve of cumulative probabilities 

On the chart (Fig. 1 a, b) the x-axis shows the change in the intensity of production work  
(WImax > WI > WImin) in percent. The ordinate of the graph of a probability density function (Fig. 1 a) shows 
the number of values from the set of values WI(N) located in the corresponding interval (range of area on 
0 to 100%, WImin = 0%, WImax = 100%). The ordinate of the curve of cumulative probability (Fig. 1 b)-
shows the changing probabilities depending on the magnitude of intensity of production (WI). 

From the position of the classical conception of probability theory, the probability of each of values 
constituting the set of values WI(N) equal to p = 0.01 (if number of values in a sample N = 100). However, 
when considering the probabilities of each of the intervals of the WImax > WI > WImin obviously, the highest 
probability interval of 0.4 WImax > WIn > 0.6 WImax and equal to p = 0.16 (see Fig. 1a). 

In practice, when calculating the duration of the construction works of no special interest is the 
probability value of each element of the sample, and even separately of each interval. Actually, it really is 
important to determine the probability that the intensity of production work will not be below the estimated 
(or specified design) values [32]. To achieve this purpose, perfect use of the curve of cumulative 
probability (Fig. 1b). 

The solution of the direct problem involves calculating the probability that the intensity value of the 
production of works in the course of erection of building structures, will not be less than the set value, for 
example 0.8 [33] (WIn). With this purpose it is necessary to set the interval in which the estimated 
intensity value on the x-axis and then determine the corresponding probability value on the y-axis 
(Fig. 1b). The reverse procedure can be applied when solving the opposite problem: finding the estimated 
intensity values for a given probability value (OTR). This approach allows us to assess the specific 
conditions, regardless of the existence of the counterpart [34]. 

Practical determination of the intensity of production in individual manufacturing process (e.g., 
concrete mixture) is performed by the author on the basis of the specified level of organizational and 
technological reliability. The specified level for the most part, is taken equal to R = 0.8. The validity of this 
approach is confirmed by published results of research of Molodetskiy V.R. [14]. The author's approach is 
that instead of the interval of intensity values when calculating the length of production work, use a 
discrete value for a given level of probability. It is important to emphasize that this approach allows us to 
estimate the probability of activity (performance) of the employee and does not require assessment 
"health of the human operator by means of professional selection, training, health monitoring [35]". 

Indeed, in case of representation of the OTR graph of a curve of the accumulated probability, it is 
necessary and sufficient set of values of the intensity of production work (WIn) to split into two parts. The 
first contains values less than the calculated value (not satisfying the condition). This separation allows 
you to find an indicator which divides a set of values, that is, a border. With this purpose it is necessary to 
sort the values by ascending order (lowest to highest). It is obvious that the likelihood (OTR) p = 0.8, 
boundary value will correspond to the index, which occupies in the sample number n = 21 (assuming that 
the number of values in a sample N = 100). 
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Thus, for a given value of p (for example p = 0.8) is necessary and sufficient to take from the 
ordered sample (N = 100) the value of n = 21. To retrieve the number of values which is different from 
100, it is recommended to use the equation to find the number corresponding to the calculated (design) 
value of the intensity of production work: 

n = 100N(1 – p) + 1 (3), 

where n is the indicator number in the ordered sample values; 

- p – the set level of organizational and technological reliability (probability, e.g., p = 0.8); 

- N – number of values in the array. 

4. Conclusions 
Thus, when determining the calculated (design) values of the intensity of construction and 

installation works it is necessary to take into account the peculiarities of the processes of the erection of 
the discussion of buildings and structures: fully mechanized working together machines and people, as 
well as performed entirely by hand. 

For fully mechanized processes, the assessment of organizational and technological reliability is 
advantageously carried out by applying the standard (in accordance with Russian State Standard GOST) 
methods of assessment of technical reliability. 

For the processes of construction of building structures manually determining the design value of 
the intensity of the production of works corresponding to a given level of reliability, should be performed 
by dividing the set of values obtained as a result of observations into two groups (compliant and non 
compliant design value). The value of the corresponding edge, it is advisable to determine how the 
project (or defined for calculating, for example, duration). 

The most effective field of application of the described approach of calculation of OTR should 
include construction processes performed entirely by hand and using leading technology of 
mechanization, subject to the calculation of the intensity of production work on the total performance. 
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