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Abstract. Usually, the actual duration of construction projects significantly exceeds the scheduled 
duration. Reasons for this phenomenon are presented. Firstly, numerous stochastic factors impact on the 
works. The second reason is insufficiently reliability of traditional scheduling methods. Finally, the third 
reason is quasi-activities that were not included in the schedule. This paper discloses the essence quasi- 
activities, their impact on the completion times. The approach is identified additional dummy arcs, 
causing implicit activities. The general applicability of the method is demonstrated. A comparison was 
drawn between the proposed method and traditional techniques. The mean duration of the simple chain 
of activities is underestimated by 15-20%.It is confirmed that the traditional method of calculating the time 
to complete a project is almost always shorter. Implementation of this method will allow for the 
determination of a more precise duration for the performance of complex works at the planning stage. 
The suggested methodology can be recommended for use by construction project managers. 

Аннотация. Как правило, фактическая продолжительность строительства значительно 
превышает запланированные сроки. Представлены причины этого явления. Во-первых - это 
влияние на работы множества случайных факторов. Второй причиной является недостаточная 
достоверность и надежность традиционных методов планирования. Наконец, третья причина-это 
квази-работы, которые не были включены в календарный график. В статье раскрыта сущность 
квази-работ, их влияние на сроки строительства. Подход выявил неявные дополнительные 
ресурсно-объектные связи, вызванные квази-работами, находящимися вне поля графика. 
Изложенный подход проиллюстрирован расчетами. Проведено сравнение между предложенным и 
традиционным методами. Установлено, что средняя продолжительность ряда последовательных 
работ, рассчитанная традиционным методом, занижена в среднем на 15-20%. Реализация метода 
позволит определять более точные сроки завершения строительного проекта на стадии 
планирования. Предложенная методология может быть рекомендована для использования 
руководителями строительных проектов. 

Introduction  
The analysis of the current state of the theory and practice of scheduling illustrates the lack of 

realistic scheduling.  

Therefore, the actual duration of various construction projects significantly exceeds the planned 
ones [1-8].  

The reason for the significant difference between planned and actual construction durations is, 
primarily, the impact of the works due to numerous stochastic factors [9, 10]. So, for average and strong 
levels of impact of destabilizing factors on technological processes, their mean productivity is reduced in 
1.5-2.5 times from the norm [10]. It is established that process productivity is subject to the normal law of 
distribution. The duration of the activities is described by a Beta distribution or inverse to normal law [11]. 
In these circumstances, duration of activities can be evaluated using probabilistic estimation [12-16]. 

The second reason is insufficiently reliable traditional PERT (Program Evaluation and Review 
Technique) method. The PERT method is generally intended for the calculation of schedules that have 
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certain structures set by unambiguous technological processes. The activity time spans are assumed to 
follow a general Beta distribution [17-21].  

The traditional PERT method uses only the activity time means to calculate the critical path, 
reducing the stochastic model to a deterministic model. In PERT, three-time estimates are required for 
each activity. The time estimates represent a pessimistic time, an optimistic time, and a most likely time 
for the duration of the activity.  

The method assumes that the sum of the mean completion times of activities on the critical path is 
normally distributed. This allows the calculation of the probability of completing the project within a given 
time period. A single critical path is thus calculated and relied upon, where in reality, there may be 
numerous possible critical paths that exist. For a large network plan, the probability that any given path 
could be the critical path may be very small. PERT method yields results which are biased high. The 
construction project manager is thus grossly misled into thinking his chances are very good when in 
reality they are very poor. If the network has multiple parallel paths with relatively equal means, PERT 
calculations will be considerably biased [22]). As a result, the time to complete a project calculated by the 
traditional PERT method is almost always too short [23]).  

A universal method developed for the calculation of networks schedule with multiple critical paths. 
This method was used for the calculation of a more realistic time span for the construction of a road [24]. 
A comparison was drawn between the proposed method and traditional techniques. The mean duration 
of the technological process calculated by a universal method is 30 % more than for a known critical path 
method. It is confirmed that the traditional method of calculating the time to complete a project is almost 
always shorter.  

Similar results have also been observed when using the technique of crashing PERT [25]). 
Completion times with the PERT method are much shorter than completion times calculated with the 
Monte Carlo method [19, 26, 27].  

The third reason for delays in construction projects is quasi-activities that were not included in the 
schedule [28].  

The aim of the present paper is to reveal the essence quasi-activities, their impact on the 
completion times. 

Objectives of the study are: 

1. Show essence of the resource-object relations, that constitute the inner nature of schedules; 

2. Reveal impact of quasi-activities on the completion times; 

3. Calculate the completion times of the chain of activities.  

Methods  
Assume, that sequential works of crews F, G, H on the 5-th object (chain of activities) is presented 

in Figure 1. 

 

Figure 1. Fragment of chain activities 

It is obvious that for deterministic values the length of the chain (23-24-27-28-29-30) is the sum of 
the durations of individual activities. 

For stochastic estimates, the parameters of the event 30 are determined by the composition of the 
laws of duration of work of each crew. So, for the normal distributions, the mathematical expectation of 
the length of the chain (23-24-27-28-29-30) will be the sum of the activity time means. 

However, the actual time the events of 30 always exceed the planned. 

F G H
23 24 27 28 29 30Object No. 5

Start data
Object links
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The sequential chain (Fig. 1) does not reflect fully the essence of the resource-object relations that 
constitute the inner nature of schedules. 

So, the crews G and H to the planned date of the beginning of their work usually always busy at 
the previous objects (work areas), which causes additional resource links. 

This allows us to convert the initial model (Fig 2). 

 

Figure 2. Model of the chain of activities, taking into account implicit resource links 

This scheme is lawful to use only in the case where the scheduling date coincides with the start 
date. Otherwise, the model chain of activities of is converted into the following (Fig. 3). 

 

Figure 3. Model of the chain of activities, taking into account to the scheduling date and  
an implicit of the resource links  

It is obvious that increase in an interval between start date and date of planning, leads to increase 
in resource and object links for works G and H.   

In addition, in this case there are additional (implicit) object links caused by the necessity of 
preparing the fifth object for the crew F. 

This, in turn, causes the need to consider possible links with the previous crews (E and D) on 
objects 4 and 5 (Fig. 4). 

This scheme is the model of the initial chain (F, G, H) (model quasi-activities). 

Quasi-activities are works of crews outside of the schedule and causing an implicit resource and 
object links to the events of the schedule.    

The presented model of quasi-activities on the structure is equivalent to model of a flow of works 
with multiple critical paths and can be calculated in a similar way.    
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Figure 4. The converted model of initial chain (model of quasi-activities) 

Results and Discussion  
Model of the chain of activities (Fig. 4) was realized by means of the universal method and Monte-

Carlo method under the following data. 

The duration of work of each crew follows a general Beta distribution with the parameters:

.15,5,2,1  BA  The mean duration is 8.33. 

The flow of works with equal durations is presented in Figure 5. 

 

Figure 5. Network of a flow of works 

The stochastic parameters of the events network of a flow of works were calculated by the 
universal method (Table 1). 
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Table 1. Stochastic parameters of events 
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When modeling Monte Carlo's method has carried out 10000 realizations. The mean duration of 
completion times for the 30th event was equal to 48.16 shifts.  

The distributions of completion times for the 30th event are presented in Figure 6. 
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 a) Universal method    b) Monte Carlo's method 

Figure 6. Distributions of completion times (for the 30th event) 

Comparison of the two distributions shows their proximity. 

Somewhat compressed laterally, the histogram of the density distribution for a universal method is 
due to rounding of extreme values at each calculation step. In addition, the interval values on the axis X 
are different. 

The length of the chain (9-10-17-18-23-24-27-28-29-30) is the sum of the mean durations. It is 
41.65 shifts. 

The length of the chain 23-24-27-28-29 (Fig. 1) is 16.66 shifts. The mean duration of completion 
times was equal to 19.79 shifts (Table 1).  

Thus the mean duration of completion times of the chain of activities is underestimated by 15-20%. 

Similar results have also been observed when using the other techniques.   Completion times with 
the traditional method are perceptibly shorter than completion times calculated with the Monte Carlo 
method and universal method [19, 23, 24, 28]. 

Conclusions 
1. The actual duration of various construction projects significantly exceeds the scheduled 

durations. Firstly, numerous stochastic factors impact on the works. The second reason is insufficiently 
reliability of traditional scheduling methods. Finally, the third reason is quasi-activities that were not 
included in the schedule. As a result, the traditional method of calculating the time to complete a project 
is almost always too short.  

2. The essence of the impact of quasi-activities on the completion times presented. 

The crews to the planned date of the beginning of their work usually always busy at the previous 
objects (work areas), which causes additional resource links. In addition, in this case, there are additional 
(implicit) object links caused by the necessity of preparing the objects for the crews. Quasi-activities are 
works of crews outside of the schedule and causing an implicit resource and object links to the events of 
the schedule. 

The presented model of the chain of activities is equivalent to the model of a flow of works with 
multiple critical paths and was calculated in a similar way. 

3. The model of a flow of works with the Beta distribution of duration was calculated by the 
universal method and Monte Carlo's method (10000 realizations). Comparison of the two distributions of 
completion times shows their proximity. 

The calculation showed that the mean duration of completion times of the chain of activities is 
underestimated by 15-20 %. With a probability of 0.75, the completion times will exceed the scheduled 
durations on 24 %.  

4. These results show the efficacy of the offered method to calculate more realistic of completion 
times. Implementation of this method will allow for the determination of a more precise duration for the 
performance of complex works at the planning stage. The suggested method can be recommended for 
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use by construction project managers in order to prevent a potential failure of project completion 
deadlines. 
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