

  applsci-10-02071




applsci-10-02071







Appl. Sci. 2020, 10(6), 2071; doi:10.3390/app10062071




Article



The S-Curve as a Tool for Planning and Controlling of Construction Process—Case Study



Jarosław Konior[image: Orcid] and Mariusz Szóstak *[image: Orcid]





Department of Building Engineering, Faculty of Civil Engineering, Wroclaw University of Science and Technology, 50-370 Wrocław, Poland









*



Correspondence: mariusz.szostak@pwr.edu.pl; Tel.: +48-71-320-23-69







Received: 12 February 2020 / Accepted: 13 March 2020 / Published: 19 March 2020



Abstract

:

One of the key tasks of an investor and a contractor at the stage of planning and implementing construction works is to measure the progress of execution with regard to the planned deadlines and costs. During the execution of construction works, the actual progress of the works may differ significantly from the initial plan, and it is unlikely that the construction project will be implemented entirely according to the planned work and expenditure schedule. In order to monitor the process of deviations of the deadline and the budget of the investment task, several rudimentary methods of planning—as well as the cyclical control of the progress of construction projects—are used. An effective tool for measuring the utilization of the financial outlays of a construction project is the presentation of the planned financial flows on a timeline using a cumulative cost chart, the representation of which is the S-curve. The purpose of this paper is to analyze the course of an sample construction project comparing the planned costs of the scheduled works with the actual costs of the performed works, as well as identifying the reasons leading to the failure to meet the planned deadlines and budget of the project implementation. As part of the research conducted at a construction site of a hotel facility, the authors of this paper analyzed each of the 20-month effects of financial expenditures on construction works that were developed and processed by the Bank Investment Supervision (BIS) over a period of three years (between 2017 and 2019). Based on these results, charts and tables of the scheduled and actual cumulative costs of the completed construction project were prepared, the careful analysis of which enables interesting conclusions to be drawn.
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1. Introduction


Construction project management is a process that includes a number of operations, activities and decisions that are closely related to a project being executed and that aim to create new, or to increase, existing fixed assets in order to achieve utility effects [1]. The utility effect of the construction process may be the construction of a new building, or the renovation or modernization of an existing building. In each construction process, four basic phases are distinguished according to the definition of the building object life cycle: the programming/planning phase, the implementation phase, the operation/use/maintenance phase and the phase of decommissioning or demolition [2]. Appropriate planning of the entire construction process is a very important operation that has a direct impact on whether the investment project implementation is successful [3].



The construction industry is characterized by high complexity of the implemented construction processes. The execution of construction projects is specific and particularly difficult, because each implementation is a unique, complex and dynamic process that consists of a number of interrelated subprocesses in which various participants of the investment process are involved [4].



Each construction project is exposed to various types of risk [5]. The most common risks associated with the implementation of construction projects include, among others, time risk, cost risk, work quality risk, construction risk and technological risk [6]. The construction risks that occur during the execution of works can be classified into five categories: people and their safety, budget, cost, schedule, planning/quality and efficiency [7].



During the implementation of construction projects, a common phenomenon is that the planned budget is exceeded and/or the planned implementation deadlines are not met. This phenomenon occurs in all countries [8,9]. Deviations from the plan may arise as a result of changing weather conditions; changes in the volume of available means of production; untimely deliveries of materials, machinery and equipment; unprofessional project management; mediocre discipline and organization of work; delays in making decisions; incorrect decisions; and so on [10].



An important element of appropriately managing the investment process is the thoughtful planning of construction project costs and the effective control of the progress of works in the area of incurred investment costs during project implementation. When planning the costs of a construction project, the cost of construction works must always be correctly determined, and both the direct costs related to the implementation of works and the indirect costs (i.e., overheads and profit) should be taken into account [11]. Unfortunately, exceeding the planned budget and/or time is a very common attribute of construction projects, and it is unlikely that a construction investment will be carried out completely in accordance with the planned work and expenditure schedule [12].



Therefore, it is important to plan the entire investment process, in particular, by developing a correct Investor’s work and expenditure schedule with specific dates for starting and completing the project, with appropriate connections between planned tasks, and also with an outline of the specific duration of the individual tasks and the costs of their implementation. However, it should be borne in mind that during the implementation of a construction project, the actual progress of works may differ significantly from the initial plan, and it is therefore also necessary to specify the principles of control and monitoring for the construction project. Only a properly developed work plan, which includes optimal working sequences and perfect timing for executing each individual activity, can enhance the work efficiency and enable contractors to fulfill the contract at the lowest cost [13].



An effective tool for measuring the utilization of the financial outlays of a construction project is the presentation of the planned financial flows on a timeline using a cumulative cost chart, the representation of which is the S-curve. The S-curve shows the progress of the investment project from the beginning of the construction works through to their completion. The cumulative cost chart for construction projects takes the shape of the letter “S”, hence the name of the curve. The variable slope of the cost curve indicates the changing progress of works per unit of time [14].



The S-curve is flatter at the beginning and end of the execution of a construction project, and steeper in the middle. This is due to the fact that a traditional construction project starts quite slowly. At the beginning of the construction process, human resources are organized, construction site development is prepared and simple preparatory works are carried out. After some time, the implementation of work begins to accelerate. Works are carried out on several working fronts using various working teams. Contractors start to undertake more and more tasks simultaneously. The mutual implementation of parallel tasks generates a much greater increase in costs when compared to the initial stage of implementation [15].



As a result of the continuing research, the classic S-curve method is being expanded and constantly modified in the following ways: through the use of the least square method and fuzzy S-curve regression model [16,17], the use of a polynomial function to generalize the S-curve [18], the use of methods of artificial intelligence [19], the use of an S-curve Bayesian model [20] or by dividing the entire duration of a construction project into three periods for the improved accuracy of cost forecasting [21]).



The second large group of methods that are used for controlling and monitoring the progress of the construction project implementation is earned value management. Earned value management involves the control of the investment task through the cyclical comparison of the actually executed scope of work with the planned time and cost of implementation [22]. Project management that uses earned value management is a well-known management system that integrates schedule, costs and technical performance [23,24]. Earned value management allows cost and schedule deviations as well as performance indicators, project cost forecasts and schedule durations to be calculated [25,26]. In literature, there are many studies that present the effective application of earned value management in real-life construction projects [27,28,29,30].



Classic earned value management is being expanded and modified by way of, among others, the introduction of a hybrid methodology based on work packages and logical time analysis [31], the introduction of new parameters (e.g., the Schedule Forecast Indicator (SFI) [32]) or by taking into account of the impact of unplanned time and cost deviations on the financial liquidity of a construction project [33].



The purpose of this article is to analyze the course of an sample construction project by comparing the planned costs of the scheduled work with the actual costs of the performed work, and to identify reasons leading to failures to meet planned deadlines and the budget of the project’s implementation. The goals of the paper are to demonstrate the reasons for construction project cost overruns and time delays using a representative case study. Both factors are strongly based on the Earned Value Method (EVM) approach, using an indicated project budget breakdown and timeline deviations. In this particular case study the poorly managed project was carried out and the cost spent exceeded the expected and planned figures by over 50%, which is not uncommon in the Polish investment process nowadays.




2. Research and Methodology of Measurements


The following documents were analyzed as part of the research conducted: (1) the basic Investor’s work and expenditure schedule of the construction project, which was developed before the commencement of works; and (2) a set of information about the actual progress of the construction process, contained and updated in the monthly reports of the Bank Investment Supervision (BIS) [34].



The Investor’s work and expenditure schedule is a document that shows the planned progress of the project over time, taking into account the planned costs. It was developed at the planning stage of the construction project.



Information on the actual progress of the construction process was collected as part of the BIS services during the authors’ own research at the construction site of a hotel facility [34]. For non-public investment tasks that are co-financed by two entities—the Investor and the Bank—a third independent entity was appointed: the Banking Supervision Inspector, who performed a monitoring and auditing function. The BIS’s tasks included, among others: preliminary reporting (e.g., verification of documentation about a construction project such as permits, administrative decisions, the planned budget, contracts concluded by an Investor, etc.), monthly reporting (e.g., constant monitoring of the project execution, control of the state of the project implementation, settlement verification, analysis of loan tranche disbursement conditions, etc.), and final reporting (i.e., final financial analysis of the project implementation) [35].



In the implementation phase, the Bank Investment Supervision develops documents that enable the mapping and presentation of the actual progress of the construction process. From the monthly reports developed by the BIS, information about, among others, the progress of works carried out in individual implementation periods, the values of works carried out in individual implementation periods and the values of works carried out cumulatively since the beginning of the works were obtained.



As a result of the performed documentation analysis, a collective data summary was prepared. It was presented in a two-dimensional table where each subsequent row of the table contained data on subsequent periods of the construction works. The table distinguished the following information about the project [33,36]:




	
the budgeted cost of work scheduled (  BCWS  ) determined for each individual examined period on the basis of the Investor’s work and expenditure schedule;



	
the cumulative value of the budgeted cost of work scheduled (   C  BCWS    ) for each single examined period, calculated as the cumulative value obtained by adding the value of the budgeted cost of work scheduled from the analyzed period to the value of budgeted cost of work scheduled from the preceding period, determined on the basis of the Investor’s work and expenditure schedule;



	
the actual cost of work performed   ( ACWP  ) determined for each individual examined period on the basis of BIS reports;



	
the cumulative value of the actual cost of work performed   (  C  ACWP    ) for each examined individual period, calculated as a cumulative value obtained by adding the value of the actual cost of work performed from the analyzed period, based on BIS reports, to the value of the actual costs of the work performed from the preceding period;



	
the actual percentage advancement of work performed   ( AC  ), calculated as a ratio of the value of the cumulative actual cost of work performed to the total actual cost of the construction project;



	
the planned percentage advancement of work scheduled    (  PP  )   , calculated as the ratio of the cumulative value of the budgeted cost of work scheduled to the total budgeted cost of the construction project;



	
the actual percentage advancement of work scheduled   ( AP  ), calculated as the ratio of the value of the cumulative actual cost of work performed to the total budgeted cost of the construction project;



	
the actual schedule variance   ( ASV  ), calculated as the difference between the actual duration and the planned duration of the project;



	
the actual schedule performance indicator   (  I  ASV    ), calculated as the ratio of the actual duration of the construction project to the planned duration of the project;



	
the at-completion variance   ( ACV  ), calculated as the difference between the total actual cost of the construction project and the total budgeted cost of the construction project;



	
the performance indicator of the at-completion variance   (    I    ACV    ), calculated as the ratio of the total actual cost of the construction project to the total budgeted cost of the construction project.









3. Case Study


The subject of the analyzed project is the execution of a hotel with an underground garage (one underground floor), as well as the execution of elements of land development around it. The hotel was located in a Polish city. The erected building, on the ground floor, had a reception, daytime area, offices and hotel administration, and also a catering area with a restaurant and kitchen facilities. On floor +1, there were office rooms, meeting rooms, conference rooms and sanitary facilities with toilets. On the levels +2 to +7 there were 200 hotel rooms. The floor space of the building was approximately 8200 m2.



The project was carried out according to the general contracting system. The subject of the contract was an experienced construction company concerned the execution of the “shell & core” state. This consisted of the implementation of a comprehensive investment project involving the construction of a hotel with a garage, the execution of land development and the commissioning of the project after obtaining an occupancy permit. It should be emphasized that the original contract with the General Contractor did not take into account the finishing of the rooms, and therefore the scope of works in the finishing part did not include the finishing and equipping of hotel rooms with bathrooms and annexes.



The scope of the commissioned works included the finishing of common parts (e.g., kitchen, restaurants and catering equipment) without providing the technology as described in the tender design. In addition to the contract, the equipping of the sanitary facilities, offices, facilities, reception, fitness area, toilets and technical rooms was required, as well as the provision of the premises’ mobile equipment. The deadline for the implementation of the subject of the contract was scheduled from September 2016 to June 2018. A flat-rate remuneration of PLN 36,111,146.13 net + VAT was set for performing the subject of the contract. Figure 1 presents the Investor’s work and expenditure schedule of the project, including the planned amounts of construction works to be executed.



The five most important elements of the execution process of the analyzed hotel facility are described below in the chronological order:




	
August 2017: The Investor, aiming at a more efficient management of the construction project, signed an annex extending the scope of works of the General Contractor. It included specialist works concerning Leadership in Energy and Environmental Design (LEED) certification, additional fire protection and the execution of power and teletechnical installations in hotel rooms. The value of remuneration increased by 13.0% when compared to the Investor’s schedule and reached the level of PLN 40,815,455.00 net.



	
December 2017: The General Contractor presented, in consultation with the Investor, an updated work schedule that included subsequent annexes regarding changes in the facility, covering door joinery, automation and the building façade, among others. It should be emphasized that the subsequent annexes to the Agreement introduced new elements to its basic scope that were originally excluded from the scope of the General Contractor. Increasing the scope of the subject of the contract concerned the finishing of the premises, including the installation of shower trays and frames in hotel bathrooms. The value of remuneration in December 2017 increased by 17.2% when compared to the Investor’s schedule and reached the level of PLN 42,313,695.00 net. The deadline did not change (curve No. 2 in Figure 2).



	
March 2018: The Investor decided to increase the hotel standard (to four stars), which forced the introduction of changes resulting from the difference between the detailed design and the tender design. The changes concerned, among others, sanitary installations, ventilation, electrical installations of rooms, automation and wall arrangement. As a consequence, the value of remuneration increased by 20.8% when compared with the Investor’s schedule, and reached the level of PLN 43,635,084.50 net. The annex to the contract extended the duration of the execution until October 2018 (curve No. 3 in Figure 2).



	
June 2018: Another annex significantly modified the basic scope of the contract with the General Contractor (as of September 2017). The Investor commissioned the General Contractor an additional scope of works and, in particular, installations of the residence and public areas (including the hall), catering and multifunctional rooms, and the execution of finishing works involving the equipping of the hotel rooms. The value of remuneration increased by 48.1% when compared to the Investor’s schedule and reached the level of PLN 53,473,979.01 net. The implementation time was extended until January 2019 (curve No. 4 in Figure 2).



	
July 2018: Due to the increasing scope of work entrusted to the General Contractor and the extension of the deadline, it was necessary to agree and sign off another annex. Therefore, the value of remuneration increased by 59.4% when compared to the Investor’s schedule and reached the level of PLN 57,564,756.03 net without the end date changing (curve No. 5 in Figure 2), although in October 2018 the investment completion date was extended to February 2019 (curve No. 6 in Figure 2).



	
June 2019: final completion of the investment task (i.e., 12 months later than originally planned (June 2018)). The value of remuneration increased by 62.4% and reached the final value of PLN 58,646, 84.75 net (curve No. 7 in Figure 2).








Table 1 summarizes the collected data concerning the completed construction project.



Each subsequent annex to the principal contract (as of September 2016) forced the General Contractor to develop an updated work and expenditure schedule. The updated schedule that was used for the implementation of works modified the actual progress of the work performed. Figure 3 shows the variable work progress that resulted from several work and expenditure schedule updates.



Table 2 summarizes information about individual changes in the remuneration and the completion date of the implemented task.




4. Results of the Case Study


The hotel facility was completed in June 2019 after 34 months of work. The final cost of the construction works amounted to PLN 58,646,000 and therefore was higher by PLN 22,535,000 from the figure originally assumed (as of September 2016). It should also be noted that the actual date of the commissioning and commencement of operation of the hotel was 12 months later than the planned date, resulting in additional financial losses for the Investor.



Analysis of the actual progress of works clearly indicates how much the actual state of implementation of the project differed from that originally assumed. The original budget of the investment task was underestimated. The changes that occurred during the implementation of the project resulted in failure to meet the parameters assumed by the Investor in mid-2016 (i.e., the time and cost of implementing the project).



The following reasons led to the failure of meeting the planned deadlines and implementation costs:




	
A lack of appropriate preparation for the construction project in the investment planning phase. The Investor planned the cost of implementing the construction project based on prices that were valid in 2016 and did not take into account increases in prices during the subsequent periods of implementation, or the financial fluctuations over time determined by discounted techniques.



	
The Investor’s lack of experience in implementing similar construction projects. The Investor had carried out in the past several smaller projects, but not from the hotel sector.



	
Changes in the originally adopted standard of the hotel. The Investor incorrectly analyzed the market demand for hotel buildings and initially adopted a lower standard for the facility than required at this location.



	
Changes in the scope of work of the General Contractor. Subsequent scopes of work required the General Contractor to develop additional cost estimates and offers, and this took up additional time. In turn, the increase in the scope of works resulted in a significant increase in employment at the construction site, especially with regard to specialized subcontractors. The extension of the implementation time caused an increase in the indirect costs of the General Contractor.



	
The current situation of the market imbalance in the construction industry. In the analyzed project period between 2017 and 2019 there were major problems concerning contracting and subcontracting companies at the initially assumed cost level.








The case study of the analyzed hotel facility enabled the following conclusions to be made regarding the measurement of deviations in the deadlines and budget of the investment task:




	
the investment task was completed 12 months later than originally planned;



	
the schedule performance efficiency indicator was equal to 1.545, and therefore the project was longer than planned by 54.5%;



	
the final cost of the construction works increased by PLN 22,535,338.62 net when compared to the original cost;



	
the cost performance efficiency indicator was equal to 1.624, and therefore the project was more expensive than planned by 62.4%;



	
analysis of the progress of the hotel facility execution indicates a growing trend of the schedule and cost performance efficiency indicator.









5. Discussion


S-curve provides the basis for monitoring cash flows while planning any construction project. Unfortunately, there is very little likelihood that a project will proceed completely as planned. Small deviations between the plan and the reality can be seen as being within the limits of the norm and usually do not interfere with the purpose. However, greater differences can hinder the goal and require a revision to ensure that project objectives are achieved [12]. The problems of overruns of a planned project budget or rescheduled deadlines are widely recognized in many countries [8,9,37,38].



The simplest scheduling methods utilizing the S-curve are assumed to be deterministic, and do not take into account possible risks and uncertainties. However, there are methods that take into account the use of stochastic curves in probabilistic monitoring and project prediction as an alternative to deterministic curves and traditional forecasting methods. For the generation of stochastic cost curves, a simulation method was adopted based on defining the variability of the duration and the costs of individual activities in the project [39]. The study also used a stochastic model approach to financial management, taking into account the uncertainty of duration and costs at different stages during the project lifecycle [40]. Effective project management requires a reliable knowledge of cash flows at different stages of the project lifecycle. Obtaining this knowledge largely depends on taking into account the precarious environmental conditions of the project, which can be obtained using the method of assessing cash flow based on the project schedule [41]. Uncertainty and imprecision in project planning have been included in cash flow calculation methodologies for projects involving fuzzy activities and/or costs. Cash flow can be represented by the cost area S (as opposed to traditional S-curves) obtained from a combination of cost curves at different risk capability levels. Unfortunately, according to the authors, the proposed concept of the cost area S, in addition to the need to collect a lot of data, also requires the use of advanced software [42].



In the presented case analysis there were continuous time and cost deviations due to poor project management and a lack of application of even the simplest model for monitoring the S-curve. (i.e., using the models indicated in this discussion).



The entire analysis of research conducted by the authors of the paper leads to the main conclusion that the models proposed earlier by various researches of the forecasted S-curve as a rule are not exactly in line with a real state. Some works are too general and too descriptive [15,23]. There are also presented models and methods that are too complicated and thus not very practical or easy to adopt in planning and managing construction projects [3,11,19,40]. In some research, the models seems to be reasonable, however they have not been tested and verified during construction process monitoring [9,15,41]. To make things worse, it is hard to find reliable, proven research data based on solid measures of actually executed construction projects where technical inspections were conducted on construction sites and what was planned, paid and earned was reviewed. Some of the published papers that are accessible have relied on questionnaires, analyses of past documents and assumptions rather than facts [38,39]. However, there are still some strong construction-based papers that present a case study of the application of the S-curve regression method to project control of construction management [17].



One of the authors of the paper represents a strong continuity and solid experience collected from more than 30 years of engineering and construction [7,35]. The main value of the described construction case study is a detailed and systematic analysis of the course of the hotel project that compares the planned costs of the scheduled work with the actual costs of the performed work, as well as the identification of the reasons leading to the failure to meet the planned deadlines and budget of the project’s implementation [34]. The paper demonstrates the reasons and the effects of construction project’s cost overruns and time delays using a representative case study. Both factors were strongly based on the EVM approach, including an indicated project budget breakdown and timeline deviations. According to the newly published Project Management Institute briefings [1], 70% of construction projects are completed with overruns of cost and time. This statement is rather frightening but credible, and the presented case study highlights the state-of-the-art.




6. Summary and Conclusions


Appropriate planning of the investment process is a very important operation with a direct impact on the successful implementation of a construction project via maintenance of the assumed budget and project completion deadline, while ensuring a consistent quality of on-going construction work. Correct planning of cash flows is of key importance for Investors and contractors, preferably taking into account financial fluctuations over time determined by discounted techniques.



Planning of costs also has a significant impact on the financial liquidity of construction companies. There is therefore a need to develop simple, fast and effective methods that enable cash flows to be properly planned and controlled. A very helpful tool for planning, monitoring and controlling construction projects is the S-curve. Knowledge of the planned and actual course of cumulative financial expenditures over time and the shape of the S-curve and its deviations permits rational actions to be taken in order to achieve the intended goal and achieve success in construction project implementation.



Cumulative cost S-curves, due to their uniqueness, are unrepeatable. Each construction project is unique because it is situated in a different location and different environment; designed and implemented by different work teams; and carried out using various technical, organizational and technological solutions. Therefore, it is justified to conduct further research into the course of cash flows and cost planning. The development of a methodology for planning cumulative cost curves in construction projects will allow the development of effective methods and verified models for better planning and utilizing financial expenditures during construction works.
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Figure 1. Investor’s work and expenditure schedule of the analyzed hotel facility (own elaboration). 
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Figure 2. Planned and actual cumulative costs of the completed hotel facility (own elaboration). 
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Figure 3. Variability in the progress of construction works as a result of updating the work and expenditure schedule of the hotel facility (own elaboration). 
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Table 1. Results of measurements and cost analyses of the assessed hotel facility (own elaboration).






Table 1. Results of measurements and cost analyses of the assessed hotel facility (own elaboration).





	
No.

	
Period

	
The Budgeted Cost of Work Scheduled According to the Work and Expenditure Schedule

	
The Cumulative Value of the Budgeted Cost of Work Scheduled

	
The Actual Cost of Work Performed

	
The Cumulative Value of the Actual Cost of Work Performed

	
The Actual Percentage Advancement of Work Performed

	
The Planned Percentage Advancement of Work Scheduled

	
The Actual Percentage Advancement of Work Scheduled




	
     B C W S     

	
      C    B C W S       

	
     A C W P     

	
      C    A C W P       

	
     A C     

	
     P P     

	
     A P     




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)






	
[–]

	
[–]

	
[PLN]

	
[PLN]

	
[PLN]

	
[PLN]

	
[%]

	
[%]

	
[%]




	
1

	
Sep.16

	
743,145.00

	
743,145.00

	
743,145.00

	
743,145.00

	
1.27

	
2.06

	
2.06




	
2

	
Oct.16

	
1,342,960.76

	
2,086,105.76

	
1,342,960.76

	
2,086,105.76

	
3.56

	
5.78

	
5.78




	
3

	
Nov.16

	
1,962,497.14

	
4,048,602.90

	
1,962,497.14

	
4,048,602.90

	
6.90

	
11.21

	
11.21




	
4

	
Dec.16

	
1,786,729.02

	
5,835,331.92

	
1,786,729.02

	
5,835,331.92

	
9.95

	
16.16

	
16.16




	
5

	
Jan.17

	
890,075.82

	
6,725,407.74

	
890,075.82

	
6,725,407.74

	
11.47

	
18.62

	
18.62




	
6

	
Feb.17

	
1,024,911.29

	
7,750,319.03

	
1,024,911.28

	
7,750,319.02

	
13.22

	
21.46

	
21.46




	
7

	
Mar.17

	
1,124,204.85

	
8,874,523.88

	
1,124,204.85

	
8,874,523.87

	
15.13

	
24.58

	
24.58




	
8

	
Apr.17

	
899,863.73

	
9,774,387.61

	
899,863.73

	
9,774,387.60

	
16.67

	
27.07

	
27.07




	
9

	
May 17

	
860,000.82

	
10,634,388.43

	
860,000.82

	
10,634,388.42

	
18.13

	
29.45

	
29.45




	
10

	
Jun.17

	
537,721.00

	
11,172,109.43

	
537,721.00

	
11,172,109.42

	
19.05

	
30.94

	
30.94




	
11

	
Jul.17

	
293,524.63

	
11,465,634.06

	
293,524.63

	
11,465,634.05

	
19.55

	
31.75

	
31.75




	
12

	
Aug.17

	
1,064,465.00

	
12,530,099.06

	
1,072,251.29

	
12,537,885.34

	
21.38

	
34.70

	
34.72




	
13

	
Sep.17

	
1,236,413.52

	
13,766,512.58

	
614,825.93

	
13,152,711.27

	
22.43

	
38.12

	
36.42




	
14

	
Oct.17

	
1,998,683.50

	
15,765,196.08

	
1,509,792.56

	
14,662,503.83

	
25.00

	
43.66

	
40.60




	
15

	
Nov.17

	
2,195,751.00

	
17,960,947.08

	
2,231,802.48

	
16,894,306.31

	
28.81

	
49.74

	
46.78




	
16

	
Dec.17

	
2,925,234.00

	
20,886,181.08

	
2,559,405.11

	
19,453,711.42

	
33.17

	
57.84

	
53.87




	
17

	
Jan.18

	
3,816,618.00

	
24,702,799.08

	
2,644,027.80

	
22,097,739.22

	
37.68

	
68.41

	
61.19




	
18

	
Feb.18

	
3,825,234.00

	
28,528,033.08

	
2,202,625.30

	
24,300,364.52

	
41.44

	
79.00

	
67.29




	
19

	
Mar.18

	
3,540,993.30

	
32,069,026.38

	
2,905,521.47

	
27,205,885.99

	
46.39

	
88.81

	
75.34




	
20

	
Apr.18

	
2,408,845.75

	
34,477,872.13

	
1,947,719.29

	
29,153,605.28

	
49.71

	
95.48

	
80.73




	
21

	
May.18

	
1,358,443.00

	
35,836,315.13

	
1,488,799.77

	
30,642,405.05

	
52.25

	
99.24

	
84.86




	
22

	
Jun.18

	
274,831.00

	
36,111,146.13

	
1,191,291.00

	
31,833,696.05

	
54.28

	
100.00

	
88.15




	
23

	
Jul.18

	
0.00

	
36,111,146.13

	
1,622,583.04

	
33,456,279.09

	
57.05

	
100.00

	
92.65




	
24

	
Aug.18

	
0.00

	
36,111,146.13

	
2,415,758.53

	
35,872,037.62

	
61.17

	
100.00

	
99.34




	
25

	
Sep.18

	
0.00

	
36,111,146.13

	
4,252,403.78

	
40,124,441.40

	
68.42

	
100.00

	
111.11




	
26

	
Oct.18

	
0.00

	
36,111,146.13

	
4,722,806.07

	
44,847,247.47

	
76.47

	
100.00

	
124.19




	
27

	
Nov.18

	
0.00

	
36,111,146.13

	
4,470,580.10

	
49,317,827.57

	
84.09

	
100.00

	
136.57




	
28

	
Dec.18

	
0.00

	
36,111,146.13

	
3,013,286.20

	
52,331,113.77

	
89.23

	
100.00

	
144.92




	
29

	
Jan.19

	
0.00

	
36,111,146.13

	
2,226,044.30

	
54,557,158.07

	
93.03

	
100.00

	
151.08




	
30

	
Feb.19

	
0.00

	
36,111,146.13

	
0.00

	
54,557,158.07

	
93.03

	
100.00

	
151.08




	
31

	
Mar.19

	
0.00

	
36,111,146.13

	
2,014,670.58

	
56,571,828.65

	
96.46

	
100.00

	
156.66




	
32

	
Apr.19

	
0.00

	
36,111,146.13

	
0.00

	
56,571,828.65

	
96.46

	
100.00

	
156.66




	
33

	
May.19

	
0.00

	
36,111,146.13

	
0.00

	
56,571,828.65

	
96.46

	
100.00

	
156.66




	
34

	
Jun.19

	
0.00

	
36,111,146.13

	
2,074,556.10

	
58,646,384.75

	
100.00

	
100.00

	
162.41
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Table 2. Results of measurements and cost analyses of the assessed hotel facility (own elaboration).






Table 2. Results of measurements and cost analyses of the assessed hotel facility (own elaboration).





	
Work and Expenditure Schedule

	
Duration

	
Cost of Construction Works

	
Deviation from Schedule

	
Deviation from Budget

	
Schedule Performance Indicator

	
Cost Performance Indicator




	
     A S V     

	
     A C V     

	
      I    A S V       

	
      I    A C V       






	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)




	
[–]

	
[months]

	
[PLN]

	
[months]

	
[PLN]

	
[–]

	
[–]




	
Original cost of construction works

	
22

	
36,111,146.13

	
-

	
-

	
-

	
-




	
Cost of construction works in Dec. 2017

	
22

	
42,313,695.00

	
0

	
6,202,548.87

	
1.000

	
1.172




	
Cost of construction works in Mar. 2018

	
26

	
4, 635,084.50

	
4

	
7,523,938.37

	
1.182

	
1.208




	
Cost of construction works in Jun. 2018

	
29

	
53,473,979.01

	
7

	
17,362,832.88

	
1.318

	
1.481




	
Cost of construction works in Jul. 2018

	
29

	
57,564,756.03

	
7

	
21,453,609.90

	
1.318

	
1.594




	
Cost of construction works in Nov. 2018

	
30

	
57,564,756.03

	
8

	
21,453,609.90

	
1.364

	
1.594




	
Final cost of construction works

	
34

	
58,646,384.75

	
12

	
22,535,238.62

	
1.545

	
1.624
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