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Abstract: The construction industry has recently been very erratic in terms of price calculation. The
price is affected by many factors, such as high inflation, war conflicts abroad, and others. Of course,
increasing prices after contracting is difficult. This also affects the equipment on the construction
site itself. If construction is extended compared to the planned date, additional costs are also
incurred for the construction site facilities. On a regular basis, the costs of construction equipment
are calculated with a margin. Delay reasons were classified into six groups: Contractor-Related,
Design-Related, Labour-Related, Management and Administrative, Financial and
Payment-Associated and Technical Elements. These "extra" costs are called the coefficient of
unpredictable costs for construction equipment. And they cover the reasons for construction
delays. The coefficient was proposed from a market survey in the form of questionnaires a few
years ago. Here, there was a reason to update this coefficient for the given period.

Keywords: Civil engineering, Costs of construction equipment, Coefficient of unpredictable costs,
Price development coefficient.

Abstrakt: Stavebnictvo bolo za posledné obdobie velmi nevyspytatelné z hladiska kalkulécie cien.
Cenu ovplyvnuje mnoho faktorov ako napriklad aj vysoka inflacia, vojnové konflikty v zahranici a
iné. Samozrejme navysenie cien po zazmluvneni je narocné. Toto ovplyviiuje aj samotné zariadenie
staveniska. Ak sa vystavba prediZi oproti planovému terminu vznikaji aj nédklady navyse pre
objekty zariadenia staveniska. Sporadicky su ndklady zariadenia staveniska kalkulované s
rezervou. Dovody omeskania st rozdelené do Siestich kategérii: dodavatelské, projektové,
pracovné, riadiace a administrativne, financné a platobné a technické zlozky. Tieto naklady
"naviac" siu pomenované koeficient nepredvidatelnych nakladov pre zariadenie staveniska. A
pokryvaju vyssie spomenuté dévody omeskania stavby. Koeficient bol navrhovany z prieskumu
trhu formou dotaznikov pred par rokmi. Vznikol dovod tento koeficient aktualizovat k danému
obdobiu.

Klacové slova: Pozemné stavby, ndklady zariadenia staveniska, koeficient nepredvidatelnych
nakladov zariadenia staveniska, Index vyvoja cien

1. Introduction

Almost every sector of the economy is affected by market developments, and construction is no
exception. High inflation and war conflicts abroad are one of the reasons for the increase in the
prices of building materials and construction works. Every construction from planning to execution
is challenging [1]. For this reason, it is worth considering how this affects, for example, the cost of
construction site equipment. The construction industry is characterized by the ability to perform
work more effectively and efficiently [2]. In 2015, a questionnaire survey was conducted, in which
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collected data was used to develop a multi-criteria decision-making model to evaluate the cost of
construction site equipment, which had the main criteria of price, time, and quality. These criteria
are also known as the "iron triangle [3]. Of course, the information obtained cannot be generalized to
the entire construction sector [4]. Therefore, it would be possible to create a future model that could
be used for the development and evolution of construction companies [5]. These changes should
make management and planning in construction companies more efficient [6]. All stages of
construction together form a single unit and are interrelated [7]. All construction projects required
different types of equipment and machinery [8]. Construction management issues, in part due to the
process before construction projects occurred [9]. The influence of other risks has a direct impact on
investment costs, which therefore becomes a significant variable in economic evaluation [10]. From
this research, the need to design a contingency cost coefficient was identified. It includes, for
example, financial reasons and construction suspension, unfavorable climatic conditions or changes
in the project that were not considered in the design, and others. The economic comparison focused
on individual technological stages [11]. The company should be focused and adapted to the needs of
the customer and the current market requirements [12]. The decision to introduce a new process is
always a complex and risky process [13]. Complex construction projects require appropriate
planning that allows for optimization of time and cost [14; 15]. Many contracts can suffer many
delays and face problems due to procurement-related issues [16; 17]. Efficient management can lead
to significant savings in project costs [18].

The cost of construction equipment is classified as an incidental budgetary cost. They include
site facilities, including connection to sewerage, water supply, electricity, internal site road, and
fencing. However, the others should not be forgotten in the calculation:

» the cost of preparing the project documentation for the construction site facilities,

* the cost of rent from leased land and buildings of construction site equipment,

* the costs of setting up, operating, and, where appropriate, disposing of the site equipment if

it is designed to be temporary,

* depreciation of own facilities (pro rata part of wear and tear),

* the cost of necessary modifications to buildings used as temporary site facilities,

* the cost of electricity, water, disposal of polluted water, heating of site facilities,

* the cost of site and building security [19].

They are calculated by individual costing or by indicative rates. The indicative rate method can
be used if it is necessary to establish an indicative price for the cost of the equipment. The calculation
using this method consists in classifying the construction object according to the Statistical
Classification of Construction (SCC) or the invalid Unified Classification of Construction Objects
(UCCE). And according to the numerical code of the price documents, the percentage rate
attributable to the object in question is deducted. The amount of construction equipment cost is
calculated as a proportion of the indicative price of the building object by the given percentage rate
[20]. The individual costing method is more detailed but also more demanding, as it requires
detailed supporting documents, such as a project of the construction site equipment and a
construction schedule. The site equipment cost estimation model was designed for individual
costing because the objective was to ensure the competitiveness of the contractor. The contingency
coefficient mentioned above is applied when using individual costing. It will constitute a so-called
surcharge on the cost of site equipment. The contingency coefficient appears in the model as k. The
reason for including the coefficient in the model is to ensure a so-called reserve in the budget for site
equipment. It is realistic that the construction period may be extended, e.g. due to financial reasons
or climatic conditions occurring at the construction site. These have not been considered in the
planning. Financial reasons are the lack of construction coverage by the investor or
misunderstandings between the investor and the contractor that result in suspension of
construction. The decisive coefficient here is whether the site equipment is left on site and the rent
for the objects must be paid, or whether the site equipment is removed, and the objects redelivered
to the site when construction restarts. Climatic conditions represent adverse weather conditions that
prevent the continuation of construction, such as several weeks of rain or freezing temperatures,
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which will slow the construction of the construction work. If this coefficient is not included in the
model evaluation, it could lead to a situation where the remaining funds are used differently, and, if
necessary, solutions have to be found to cover claims. There are many reasons why construction was
delayed, for example, design changes during construction, delay in contractor payment, incomplete
or improper design, shortage or delay of material, ineffective project planning and scheduling,
political situation, slowness in decision-making, price fluctuations, poor quality control, changes in
material types and specifications during construction, conflicts between consultant and design
engineer and others. The coefficient represents the finance that can be used, for example, when
construction is extended, to pay rent for living containers for workers who were planned for a
shorter period during construction. It is also possible to use these funds to pay for the services of a
construction site security guard [21]. On the other hand, by sharing knowledge between contractors,
innovation performance will increase [22]. Project planning, if it is to be efficiently implemented,
requires making a few decisions that end in the smooth running of construction work [23].

2. Materials and Methods

Research on the coefficient of unpredictable costs of construction site equipment was carried
out in the form of questionnaires. Where construction companies, whether of a larger or smaller
nature, were approached. Subsequently, the data was processed using statistical methods. Methods
such as the Grubbs test (1) or the Dixon test were used to exclude extreme values (2).

1 —(x—g)z
fx) = g X€ER (1)
Qmin = % Qmax = % (2)

These methods were used to determine whether it is a file with normal distributions. How
could it be affected by an extreme value and the resulting coefficient would be distorted? It was also
checked whether it was necessary to exclude even the minimum extremum, but this was not
necessary. How unlikely it was. According to information available from the Slovak Republic
Statistical Office, the annual inflation rate for February 2023 is up to 15.4%, in May it is 11.9% and in
October it is 7,1% (Figure 1).
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Figure 1. Inflation - Development of consumer prices in Slovakia [28]

Therefore, there are two ways to find the new value of the coefficient, either again by market
research, the so-called questionnaires, or by updating the coefficient, e.g., by the price development
index. The first way is time consuming and not always effective if not enough questionnaires are
answered. The second method is, of course, more time efficient, but perhaps less accurate, as it is
based on statistical data and is a generic figure, which is mainly used when it is necessary to find the
acquisition price of a building object in a different time period than the period from which the price
is available. Two cases may occur. When moving forward along the timeline, it is necessary to
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"reevaluate” the earlier price level to the current price level. When moving backward along the
timeline, the task is reversed. For what price a similar construction object could have been purchased
built in the past, while the current starting value of the purchase price is known [24]. Thus, it is
possible to believe that this method can also be used to update the coefficient. Construction experts
believe that complexity could adversely affect the performance of construction projects [25].
Companies must be competitive, and without detailed preparation of the bid price, this is not
possible. Of course, they should have some way of calculating the contingency (risk) for the whole
construction and for the site equipment. Companies have the know-how to do this. And the
contingency coefficient could help them calculate the cost of construction equipment. The premises
for its use are also suggested by further analysis, where, when asked "Do you overestimate your
upcoming or existing buildings according to the current prices of materials?" up to 43% answered
that they overestimate and update their current and upcoming buildings to the given market
situation. As many as 10% of the companies were inclined to answer that they do not overestimate
the contracts, Fig.2. Unless they had built in a larger margin or risk in the contracts, they could have
lost money. Since there may be a situation if they did not have somehow treated a reserve in the
budget or in the contract in case of a jump in prices due to high inflation, the company could have
got into financial problems.
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Figure 2. Are you overestimating your new or existing buildings based on current materials prices? [26]

This is shown in Figure 3. where the question "Is it covered in your contracts with the investor
similar situation?" is answered, where up to 75% of respondents said that such a contingency is not
mentioned, and only 11% have this covered in the contract. This shows that it is necessary to have
good preparation and to have, for example, contingency costs calculated. The results of previous
research provided some guidance for the construction of the initial evaluation index in our study
[27].
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Figure 3. Isit covered in your contracts with the investor in a similar situation? [26]



In Fig.4 it is possible to see how the index of construction works and building materials has
been evolving for the last quarters of 2018-2023. Values are expressed as percentages and are the
average values for a given quarter of the year. These indices are updated for the quarter of the year
and are generally based after that quarter. The graph shows the change in value from 2021 / 3.Q,
where it has increased significantly. The price base is the average price for 2015. In the recalculation,
the latest known construction price indices reflect changes in the prices of materials and products
that occurred between the survey month of the quarter and the current month, and other known or
anticipated non-material impacts.
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Figure 4. Development of construction work, materials, and component price indices in the years 2018-2023

[29]

After the end of each quarter, the indices estimate for each month of the previous quarter are
refined on the basis of the data collected quarterly from the respondents. Indexes are calculated from
the average price indices of each representative, weighted by the relative share of the volume of
value of the representative with the volume of the total value of the construction production in 2015
(constant structure) according to the Laspeyres formula (3) [28].
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p1 - the price of the representative in the observation period,
po- the representative price in the base period (2015),
poqo- volume of construction work value in the base period.

3. Results and discussion

A summary of the research data is that they range from 1 to 30%. These values represented a
large range of values and had to be adjusted if they were to be used for further investigation. The
geometric mean of the values was 5.29%. The statistical methods performed pointed to the exclusion
of extremes from the series of data. The value of 30% represents the extreme. The coefficient value
after excluding the extreme is based on the geometric mean of the data set and reaches a value of
0.0489 or 4.89%. The coefficient of unpredictable costs with a value of 1.0489 was determined. This
figure is from 2015. Because the situation has changed since then, it is worth considering what value
it would have in 2023, given the complicated situation in the world, which also affects Slovakia.

The price indices for materials and products consumed in the construction industry include 95
groups of materials and products classified by production classification (PC). The representative
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indices are taken from the monthly industrial producer price indices. The weights for the index
calculation were derived from the relative share of the representative volume value in the total
volume value of construction materials consumed in construction products in 2015. The basis for
calculating the index is the average for 2015. In addition to the producer price indices for materials
and products consumed in the construction industry, the quarterly purchase price indices (the prices
at which construction organizations purchase materials) are calculated. The scheme contains 97
groups of materials classified according to the Production Classification (PC). The principle of
calculation is similar to that of the indices compiled from the prices of the materials. The basis for
calculating the index is the average of 2015. On the basis of the research of the issue and thorough
analysis, the price development coefficient was used to update the contingency coefficient of the site
equipment. There is a possibility to recalculate the price level from the older levels to the current or
to which one needs, or there is also a possibility from the current price level to an older one. The first
option has been used. It was based on 2015/Q4 and recalculated to the latest available index for
2023/Q1. The value of the 2015 coefficient was 1.0489. To illustrate the progression of the index over
time, only the progression from 2020/Q1, when the curve starts to rise more significantly, is shown in
Fig.5. The progression from 2015/Q4 to 2020/Q4 was more or less with a gradual increase. A more
pronounced change in the growth of the curve occurred in 2021/Q3 and has been upward up to now.
For this case, the price development index is applied with a value of 1.569, which represents an
increase of 56,9% since 2015. After recalculation, the contingency coefficient has a value of 1.645,
which would represent that the site equipment costs would be approximately 60% higher after
multiplying by the coefficient. Similar values as shown in Fig. 5 have the construction works and
materials index for the latest available period 2023/Q3 with values ranging from 131,4 to 157,9 % for
the comparative year 2015. This indicates that the current world situation is currently having a
significant impact on prices. In terms of rising energy prices and consequently materials and
everything related to that. Also, the war in Ukraine that limits the supply of certain materials to
Slovakia. On the value of the updated site equipment cost coefficient, it can be said that the updated
value of 1.655 is quite high. Therefore, the selected update method can be chosen only for indicative
costs. Since companies want to be competitive, increasing the estimated site equipment cost by
almost 60% is not economically efficient.
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Figure 5. Development of the price development indices for the period 2020-2023



4. Conclusions

Every construction and implementation of construction works depend on finances. They
should be used efficiently to avoid overcharging. The current high inflation situation and the
situation abroad raised prices sharply. Many times, are very unpredictable. Construction equipment
and costs for these objects are also related to construction. In 2015, research was conducted to
determine the coefficient of unpredictable costs of construction equipment. Questionnaires were
used and then the data were processed using statistical methods. The coefficient can be said to have
formed a kind of reserve for the calculated costs. Therefore, the question arises of whether it is
possible to update this coefficient in a time-efficient manner. The available price development index
for the construction industry was used for the update. After the update, there was an almost 60%
increase in the coefficient, which is no longer realistic for practical use. Therefore, a more
appropriate and thorough method is to use the re-filling of questionnaires, where the contractors
would fill in the actual values for the given period and it was not just statistically updated by the
index. This may not reflect the actual need to cover the unpredictable costs of construction
equipment.

References

1. Burke, C., & Morley, M. (2016). Temporary organisations: A review, synthesis, and research agenda.
Human Relations, 69(6), 1235-1258. doi: https://doi.org/10.1177/0018726715610809
2. Chandra, S., Sepasgozar , S., Kumar, V., Singh, A., Krishnaraj, L., & Awuzie, B. (2023). Assessing Factors

Affecting Construction EquipmentProductivity Using Structural Equation Modelling. Buildings, 13(2).
doi: https://doi.org/10.3390/buildings13020502
3. Ljevo, Z., Vukomanovié, M., & Rustempasi¢, N. (2017). Analysing significance of key quality factors for

management of construction projects. Gradjevinar, 69(5), 359-366. doi:
https://doi.org/10.14256/]CE.1723.2016

4. Handk, T., & Vitkova, E. (2022). Causes and effects of contract management problems: Case study of road
construction. Frontiers in Built Environment, 8, 1-10. doi: https://doi.org/10.3389/fbuil.2022.1009944

5. Ashurst, C, & Hodges, J. (2010). Exploring Business Transformation: The Challenges of Developing a

Benefits Realization Capability. Journal of Change Management, 10(2), 217-237. doi:
https://doi.org/10.1080/14697011003795685

6. Sujova, A, & Simanova, L. (2022). Management models of changes - the empirical study. Business,
Management and Economics Engineering, 20(1), 23-40. doi: https://doi.org/10.3846/bmee.2022.15397

7. Kuda, F.,, Wernerova, E., & Endel, S. (2016). Information transfer between project stages in the life cycle of
a building. Vytapeni, Vetrani, Instalace, 25(3), 156-159.

8.  Waris, M., Shahir Liew, M., Faris Khamidi, M., & Idrus, A. (2014). Criteria for the selection of sustainable
onsite construction equipment. International Journal of Sustainable Built Environment, 3(1), 96-110. doi:
https://doi.org/10.1016/.ijsbe.2014.06.002

9. Kongsong, W., & Pooworakulchai, C. (2018). Improving for construction contract management of

government construction projects. International Journal of Civil Engineering and Technology, 9(7).
10. Korytarova, ], & Hromadka, V. (2021). Risk Assessment of Large-Scale Infrastructure
Projects — Assumptions and Context. Applied Sciences, 11(109). doi: https://doi.org/10.3390/app11010109
11.  Svajlenka, J., & Marouskova, A. (2023). Preproduction of wooden buildings makes them a promising tool

for = carbon  sequestration. @ Clean  Technologies and  Environmental = Policy.  doi:
https://doi.org/10.1007/s10098-023-02471-w
12.  Schnell, P. (2022). Examination of the Communication Strategy Based on Company Straplines: A Case

Study of German Construction Companies. Construction Economics and Building, 2022(4), 81-97. doi:
https://doi.org/10.5130/AJCEB.v22i4.8078

13. Krul&¢ E., Pavletié, D., Dobovidek, S., & Zic, S. (2022). Multi-Criteria Model for the Selection of New
Process Equipment in Casting Manufacturing: A Case Study. TEHNICKI GLASNIK TECHNICAL
JOURNAL, 16(2), 170-177. doi: https://doi.org/10.31803/tg-20220407112829



https://doi.org/10.1177/0018726715610809
https://doi.org/10.3390/buildings13020502
https://doi.org/10.14256/JCE.1723.2016
https://doi.org/10.3389/fbuil.2022.1009944
https://doi.org/10.1080/14697011003795685
https://doi.org/10.3846/bmee.2022.15397
https://doi.org/10.1016/j.ijsbe.2014.06.002
https://doi.org/10.3390/app11010109
https://doi.org/10.1007/s10098-023-02471-w
https://doi.org/10.5130/AJCEB.v22i4.8078
https://doi.org/10.31803/tg-20220407112829

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kostrzewa-Demczuk, P., & Rogalska, M. (2023). Planning of construction projects taking into account the
design risk. ARCHIVES OF CIVIL ENGINEERING, 69(1), 613-626. doi:
https://doi.org/10.24425/ace.2023.144191

Lasakova, A., RemiSova, A., & Kirchmayer, Z. (2017). Are Managers in Slovakia Ethical Leaders? Key
Findings on the Level of Ethical Leadership in the Slovak Business Environment. Periodica
PolytechnicaSocial and Management Sciences, 25(2), 87-96. doi: https://doi.org/10.3311/PPs0.9758
Oyebode, O. (2022). Procurement and Deployment of Equipment forContracts in Civil Engineering

Construction. International Journal of Construction Engineering and Planning, 8(2), 29-37.

Nakanishi, Y., Kaneta, T., & Nishino, S. (2021). A Review of Monitoring Construction Equipment in
Support of Construction Project Management. Frontiers in Built Environment, 7. doi:
https://doi.org/10.3389/fbuil.2021.632593

Tadesse, A., Kumar, S., & Krishna. (2020). Review of Construction Equipment Management System at

Construction Sites. International Journal of Progressive Research in Science and Engineering, 1(5).

State comission for scientific, technological and investment development. (1990). Decree 43/1990 Coll. on
project preparation of buildings.

Majer, R., Ellingerova, H., & Gasparik, J. (2020). Methods for the Calculation of the Lost Profit in
Construction Contracts. Buildings, 10(4). doi: https://doi.org/10.3390/buildings10040074

Dubek, S. (2017). Dissertation: Proposal of a Model for the Cost Evaluation of the Construction Equipment.

Slovak University of Technology in Bratislava, Faculty of Civil Engineering.

Arsawan, W. E., Koval, V., Suhartanto, D., Babachenko, L., Kapranova, L., & Suryantini, N. S. (2023).
Invigorating supply chain perfomance in small medium. Business, management and economics
engineering, 21(1), 1-18. doi: https://doi.org/10.3846/bmee.2023.17740

Dziadosza, A., Tomczyk, A., & Kaplinski, O. (2015). Financial risk estimation in construction contracts.
Procedia Engineering, 122, 120-128. doi: https://doi.org/10.1016/j.proeng.2015.10.015

Slovak University of Technology in Bratislava, Faculty of Civil Engineering. (2023). Institute for Forensic

Engineering. Dostupné na Internete: https://www.usz.sk/en/

Kermanschachi, S., & Safapour, E. (2019). Identification and quantification of complexity from perspective
of primary stakeholders in US construction projects. Journal of Civil Engineering and Management, 25(4).
doi: https://doi.org/0.3846/jcem.2019.8633

CEEC Research s.r.0. (2021). Construction companies have registred auctions. Half-year study of Slovak
construction H2/2021.

Zhang, C.,, Tang, L., & Zhang, ]J. (2023). Identifying Critical Indicators in Performance Evaluation of Green

Supply Chains Using Hybrid Multiple-Criteria Decision-Making. Sustainability, 15(7). doi:
https://doi.org/10.3390/su15076095
Statistical office of the Slovak Republic. (2023). Price indices of Construction works, materials and

components used in construction industry of Slovak Republic


https://doi.org/10.24425/ace.2023.144191
https://doi.org/10.3311/PPso.9758
https://doi.org/10.3389/fbuil.2021.632593
https://doi.org/10.3390/buildings10040074
https://doi.org/10.3846/bmee.2023.17740
https://doi.org/10.1016/j.proeng.2015.10.015
https://www.usz.sk/en/
https://doi.org/0.3846/jcem.2019.8633
https://doi.org/10.3390/su15076095

