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1 INTRODUCTION

Construction projects are characterized by their high resource requirements, be they material,
human or financial. Their outputs are built construction objects creating living space for people, but
also other living organisms, in the long term. With regard to the real impacts of construction projects
on various stakeholders, their surroundings, but also from the economic point of view on investors’
budgets, due attention must be paid to whether the set project goals are being achieved. The basic
characteristics of construction projects include, among others, a high degree of complexity, a high
number of project participants, a wide range of risks, as well as the significant and permanent
sequence of changes occurring in parallel during various stages of the project’s life cycle. Taking
these characteristics into account, it is clear that successfully managing such a complex system
consisting of many sub-processes and activities represents a demanding activity with a lot of
responsibility.

The assumption for the successful management and completion of the project and the subsequent
operation of an existing structure is the process of control. In order to control, one must also measure,
i.e. continuously identify, monitor and evaluate the values of key parameters that are essential in the
context of achieving the set goals. Therefore, performance measurement represents an integral part
of management [1] and should be followed by a dynamic and interdisciplinary approach within the
construction sector.

The main task of managers is to ensure the success of projects and, indeed, many projects have
been successful in terms of their fundamental aspects. The Heathrow Terminal 5 project is a well-
known example around the world because it was completed on time, within the budget and in the
required quality. However, projects that did not meet the defined parameters can be encountered
much more often. Staying in the realm of aviation infrastructure projects, the Berlin Brandenburg
Airport project represents an extreme case of failure, as it was finished with a ten-year delay and
multiple budget overruns.

For effective performance management, it is crucial to determine the conditions for success. The
theory of project management historically recognised the “iron triangle” (also referred to as the triple
constraint) which defined a successful project as being completed on time, at planned costs and in
the required quality. The Iron Triangle concept has gained great popularity due to the good and easy
measurability of the criteria; however, it has been criticized for a long time because it fails to deal
with the success of the project from a broader perspective [2]. Time, cost and quality will always
belong to the basic criteria, but should be supplemented by other areas of control resulting from the
specific characteristics of the construction industry (e.g., risks, complexity and long life cycle). In
other words, the required levels of performance (in terms of time, cost and quality) can only be
achieved if other areas are monitored and evaluated too.

Construction is recognized as a project-oriented industry. Therefore, performance improvement
efforts on the organizational level (regardless of whether this concerns the supplier, investor or
another type of organization) significantly depends on the project-level performance. The author’s
professional activities, which focus on areas such as business economics and cost estimation issues
in construction, necessarily reflect the interactions between the supply side and the demand



(customer) side. Understanding different views of stakeholders on priorities regarding the expected
performance, therefore, contributes to the higher overall satisfaction with construction outputs. The
following chapters present selected key traditional perspectives of performance management in the
context of construction, which are followed by advanced and proliferating perspectives grounded in
recent development trends and requirements. The individual perspectives are supplemented with the
presentation of the author’s scientific work outputs in the field of Civil Engineering Management.

2 PERFORMANCE MANAGEMENT AND MEASUREMENT
IN THE CONTEXT OF CONSTRUCTION

Achieving the required performance depends on the right choice of individual metrics.
In construction, each project is unique, even though a similar set of activities and processes are
performed in every project. Therefore, it becomes problematic to determine unambiguously what
should actually be measured. This issue is addressed in the following sections.

Performance management and measurement represent a tool facilitating the control of processes.
The literature [3] suggests considering three dimensions of control, namely control types, degree
and style. Procedural controls contributing to efficiency improvement (e.g., tracking project
milestones), social controls focusing on shared understanding (e.g., exchange of information) and
hybrid controls (e.g., site visits) represent particular control types. Control degree expresses the
number/intensity of controls, which can be tight or relaxed; and regarding control style, one may
consider unilateral control (when client typically controls the other party) or bilateral control (client
and second party use control mechanisms jointly).

From the perspective of the construction industry, hybrid and tight controls should be
recommended as a suitable way of controlling the project, as it is necessary not only to formally
check compliance with milestones but also to monitor the progress and the quality of the works
carried out on the construction site on a regular and frequent basis. Regarding the control style,
multilateral control should be considered given the large number of stakeholders involved (see more
in Section 2.2). As suggested by Koppenjan [4], control should be balanced with flexibility, two
competing approaches, as projects are the subject of frequent changes and adjustments.

For completed and operational facilities, the dimensions of control might be different when
compared to the execution of construction works; nevertheless, it might vary also with respect to
a particular building. On the one hand, the controls need not be too frequent (e.g., observation of
defects in outside thermal insulations systems), on the other hand, real-time data monitoring is
needed for critical infrastructure in particular.

When defining appropriate metrics, one should take into consideration the following suggestions:
a metric must (a) provide value to stakeholders, (b) establish an objective target, (c) focus on
continuous improvement, and (d) provide timely and accurate feedback [5,6]. In this view, an
appropriate scale of measurement has to be applied. The literature recognises nominal and ordinal
scales for qualitative data and interval and ratio scales for quantitative data. Each type of scale has
its place in specific situations, e.g. nominal scale might be applied for qualification assessment,



while there are numerous financial ratios (i.e., ratio scale) used to perform quantitative analysis (to
assess e.g. company’s liquidity, profitability, rates of return, growth, or valuation).

As an example, various approaches to cost performance can be presented. One should consider a
simple type of an indicator such as Cost Variance (CV), calculated for projects already completed
(CVF) as a difference between Budgeted Cost of Work Performed (BCWP) and Actual Cost of Work
Performed (ACWP):

CVy = BCWP — ACWP , 1)

or as a difference between Earned Value (EV) at a certain moment and actual costs (AC) at the
same moment as suggested for ongoing projects (CVo) by Earned Value Management [7]:

CV, = EV — AC . @)

Furthermore, various types of ratio indicators are available, such as Cost Performance Index (CPI)
representing a ratio between EV and AC and Design Cost Predictability (DCP) [8] comparing
Performed Design Costs (PeDC) and Planned Design Costs (PIDC):

EV
cPI =%, 3)
DCP = PeDC—PIDC . (4)
PIDC

The literature also suggests advanced indicators, for example monitoring a certain indicator from
the risk management point of view. For cost estimation, Cost Risk Performance Index (CRPI) is
proposed [9] comparing residual cost risk variance (RCRV) and forecast cost risk variance (FCRV)
at a specific point during the project period, calculated based on the following equation:

CRPI = FCRV—RCRV. (5)
FCRV

Accordingly, CRPI = 1 indicates that RCRV = 0, thus situation when all cost risks have been
eliminated, CRPI = 0 indicates unchanged status, CRPI between (0 — 1) positive progress (residual
cost risks are smaller than forecasted) and CRPI < 0 negative progress (RCRI > FCRV). As long as
construction projects are subject to frequent changes, Revised Estimated Value (REV) also deserves
attention [10], and accordingly, the equation (2) is modified to Revised Cost Performance Index
(CPIR):

REV
CPIR :E’ (6)

which in terms of REV covers changes resulting from amendments to work contracts or other
changes that may occur during implementation. Earned Value Management also allows to forecast
final project costs [11]; several calculations methods of Estimate at Completion (EAC) are suggested
with respect to the accuracy of original estimation. For instance, if the original estimate is met, then
the following equation might be used:

EAC =222, 7)
CPI



where BAC stands for Budget at Completion established earlier in the contract. Taking high
variability of available indicators into consideration, one should pay attention to how to measure a
specific feature/activity.

2.1 Project and organizational level perspective

Performance management systems should be built on management control theory addressing
“pragmatic concern for results, obtained through people” and connected to formal control systems
(e.g. budgeting) [12]. According to Hofstede’s theory, management control in construction is not
effortless and simple because some of the stated assumptions (objectives are definite, outputs are
measurable, effects of interventions are known, and the process/activity is repetitive) appear to be
quite challenging. Furthermore, as Radujkovi¢ et al. [13] have highlighted, despite significant
theoretical achievements no consensus has been reached on what makes a project successful, what
constitutes a project success and how to plan and deliver a successful project. This background
certainly impedes the easy adoption of performance management on the construction project level.
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Figure 1. The concept of Triple Constraint, based on [2,14]

Table 1. The most common performance areas on the construction project level (based on

[8,15,16])
Performance area Examples of performance indicators
Cost Cost efficiency, construction cost prediction, budget reduction rate
Time Schedule efficiency, time savings, overtime work rate
Quality Defect frequency, rework rate
Productivity Labour productivity, machinery productivity
Safety Registered unwanted occurrences, lost-time injuries,

Stakeholders (satisfaction) — Stakeholder empowerment, stakeholders right protection, client’s satisfaction
Environment/sustainability Demolition/reuse rate, impact on soil/land resources

The following most common seven performance areas have been identified in the available
literature (see Table 1). The list of areas starts with three aspects of the Iron Triangle (see Figure 1),



followed by the areas of productivity, safety, stakeholder and the environment. Obviously, other
criteria are also considered on the project level such as profitability (a financial metric) and security
(e.g., number of thefts). The data show an expanding range of measurement areas, such as the focus
on safety and monitoring of satisfaction with regard to the customer or team members, that has later
developed into stakeholder management. Finally, the ecological and sustainability considerations
come to the forefront in response to the increasing concerns about environmental protection.

A recent study [17] on the suppliers’ performance management in construction on the project
level in the Czech Republic revealed the highest usage of performance measurement among
medium-sized and large supplier companies (all the respondents participating in the survey reported
that they measure their contracts to a certain extent), while only 50% of micro and small companies
applied some form of performance management. Similarly, the size of the company also affects the
measurement time range. Most micro and small companies measure their projects only after
completion; on the contrary, medium-sized and large companies usually monitor the performance
already during the execution of construction works. This finding confirms the assumption that
sufficient staff is needed to measure performance and, therefore, might represent a significant
limitation for smaller companies.

Regarding individual indicators (see Figure 2), construction cost, construction time and client
satisfaction are ranked among the top three most frequently used. The fact that quality ranked the
fifth (a relatively low position) can be explained by a higher emphasis on client satisfaction that also
includes, to some extent, the evaluation of delivered quality.

Communication among stakeholders GGG
Work safety I
Number of defects, quality of work [
Rentability  INEEE——
Client satisfaction  IEEEEEEE——
Construction time I
Construction cost | —

0% 10% 20% 30%  40% 50% 60% 70% 80% 90% 100%

Figure 2. Relative frequency of use of performance indicators by construction companies [17]

Because construction companies implement contracts in the form of projects, the performance
achieved at the project level affects performance on the organizational level as well. The available
literature suggests several performance management models for the construction industry, namely
the BSC (Balanced Scorecard) based models, EFQM (European Foundation for Quality
Management) based models and KPI (Key Performance Indicators) based models. Each model has
certain advantages and disadvantages; while BSC favours a clear focus on strategy, it has been
criticized for not having comprehensive feedback from the financial to other perspectives [18,19].
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Apart from the financial perspective, BSC also covers internal processes, client/investor and
innovation and learning. EFQM looks at the performance through nine weighted criteria and
recognizes lagging and leading indicators (i.e., enablers and results, respectively). Although EFQM
has been widely adopted in construction, it has also been criticized mostly for its insufficient
strategic focus [20].

Apart from performance areas suggested by BSC and EFQM, the KPI-based performance models
might apply another structure of criteria. For instance, a set of 20 performance attributes has been
proposed by [21], five base metrics (schedule performance, cost performance, safety performance,
customer satisfaction, and profit) are reported in [22]. In this case, customer satisfaction
measurement is suggested in terms of the percentage of repeat business customers. Such an approach
might be applicable for private construction projects or subcontractors; however, in public projects,
the duration of buyer-supplier relation is typically limited to a single contract [23]. Therefore, due
to the specific features of the construction industry, general models should be adjusted accordingly
by adding or modifying specific performance indicators.

2.2 Stakeholder’s perspective

Available theory, as well as construction management practice, recognizes the importance of
stakeholder management within civil engineering. According to Freeman and McVea, the idea of
stakeholder management ,,suggests that managers must formulate and implement processes which
satisfy all and only those groups who have a stake in the business” [24]. They pinpointed the
necessity to “satisfy multiple stakeholders simultaneously”, which is especially challenging in
a construction project environment where the number of stakeholders can be high, representing
numerous interfaces and even conflicting expectations that have to be managed. The example of a
comprehensive stakeholder identification with regard to the Big City Road Circuit Brno covering a
wide range of internal (demand and supply side) and external (public and private) entities can be
mentioned in this context [25].

Based on Mitchell’s theory [26], the following key constructs for stakeholder identification and
salience are noted: (1) power, to influence the project; (2) legitimacy, to have a relationship with the
project; and (3) urgency, claims call for immediate action. Based on these assumptions, the client
(investor), supplier and supervising engineers (consultants) are usually considered key stakeholders.
However, having in mind the specificity of individual projects, in the case of PPP (Public-Private
Partnership) projects that are typical for road constructions the literature suggests to also consider
users that use the facility and are, for example, interested in completion of the project on time as a
key stakeholder [27].

The fact that individual stakeholders view construction projects differently in certain aspects has
been examined and ensues from having various aims [27,28]. If a collaborative environment is
created between the stakeholders, the project itself could benefit from enhanced cost performance
[29]. For instance, better coordination and communication among stakeholders contribute to the
satisfaction of the participants with the quality of structures [30].

The author has recently participated in a research task as part of an international scientific project
addressing the ways in which the stakeholders’ point of view differs in terms of performance
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management on the project level. The results of an in-depth analysis of a multiple case study have
revealed a wide spectrum of causes that reduce performance. These involve, among others, mostly
the insufficient quality of project documentation resulting in unforeseen/not designed works or
unneeded works, the interruption of works due to the discovery of historical remains and the
subsequent archaeological research, insufficient communication among stakeholders, poor cost
estimates and problems among the members of a consortium of companies. Concerning
the performance perception, cross-case conclusions have pinpointed considerable differences
between investors on the one hand and suppliers and supervising engineers on the other hand (e.g.,
while investors accentuate the delivery time, both suppliers and supervising engineers focus more
on safety issues).

Data from the Czech construction practice [17,31] shows that larger companies usually use more
sophisticated performance management systems and that the level of measurement also depends on
the project scope. For larger contracts, more time is devoted to the actual measurement of ongoing
projects by specialized employees. Regarding two metrics of the Iron Triangle, the cost/schedule
variance are more often used than the cost/schedule performance index (i.e., ratio indicator);
furthermore, performance evaluation is often mostly based on data processed in Microsoft Excel,
followed by Microsoft Project.

Companies recognize the quality of inputs for the tender and insufficient communication between
stakeholders as crucial factors influencing project outputs. Accordingly, the occurrence of
information asymmetry [32] within the construction project should be reduced to support smooth
communication flow. On the other hand, public investors usually do not conduct adequate and
comprehensive measurements. For instance, they estimate the quality of the delivery (e.g., in terms
of the number of claims), but a more detailed approach is only applied when the project fails in
relation to its basic targets.

A comparison of results obtained within own research activities and data in similar research
studies published so far confirms that no consensus has been reached on the range of metrics that
should be monitored. The successful management of stakeholders also assumes the incorporation
into the performance management system of an incentive/disincentive mechanism allowing to
reward excellent performance and penalize poor results [33].

3 SHIFTING FROM TRADITIONAL PERFORMANCE
MANAGEMENT AND MOVING BEYOND ITS
CONVENTIONAL CAPABILITIES

Traditional performance management based on an extended interpretation of the Iron Triangle
appears to be insufficient in the light of new developments, requirements, expectations and research
achievements. Firstly, there is a call for a tighter inclusion of procurement and cost estimation issues
within the evaluation of performance. Secondly, long-term monitoring of cost performance in the
field of construction management represented by the Life-Cycle Costing approach can be seen as
one of the major challenges for both researchers and practitioners. Finally, a broader approach to
sustainability issues is needed, especially from the environmental perspective. The following
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sections aim to address these issues and present some of the author’s results that have contributed
to the development of the above-mentioned areas.

3.1 Procurement and cost estimation perspective

Even though the Project Management Institute [34] classifies “procurement” among the 14 core
areas of performance, in practice, it is often not involved in the actual evaluation. The primary
function of procurement is to get the right product/service/work at the right price and from a capable
contractor. Main endeavours of investors are being made towards achieving high financial
performance, which depends on the effective price negotiation, selection of effective project delivery
method, contractual management and ensuring the required supply quality. For instance, the Best
Value Approach (BVA), which emphasises the price/value ratio, appears to be highly suitable from
a performance management perspective as it considers the performance of tenderers [35].

Accordingly, careful attention should be paid to the qualification process and evaluation of bids
as key steps in selecting an eligible supplier. In this regard, one should take into consideration the
legislative requirements (the Public Procurement Act) and, at the same time, the nature of particular
construction investment. The author of this thesis has collaborated on an international comparative
study of the Czech Republic and Poland. On the sample of 345 construction projects (roads, schools
and water/sewage), contracting authorities’ practices in the field of qualification were examined
[36]. Results confirmed different use of certain qualification criteria from the perspective of the type
of contract, as well as from a cross-national point of view. Partial outputs of the research relating to
the professional and technical qualifications are shown in Table 2.

Table 2. Evidence of relative frequency of occurrence in % on professional and technical
qualification criteria [36]

Qualification criteria Roads Schools Water/Sewage
Professional Cz PL Cz PL Ccz PL
Evidence of possession of a licence 94.1 93.2 98.3
Evidence issued by a professional self- 15 6.8 10.2

governing chamber
Authorisations to perform specific activities 98.5 0.0 76.3 0.0 78.0 17.0
or actions

Evidence proving the economic operator’s 0.0 34 0.0

capability to safeguard the confidentiality

Technical Ccz PL Cz PL Ccz PL
Declaration that persons participating in 324 66.0 28.3 68.0 47.5 93.0
contract have required qualification/licence

List of personnel 11.8 60.0 28.3 90.0 220 90.0
List of tools, equipment and technical 52.9 20.0 0.0 0.0 8.5 2.0
devices

List of works with documents confirming if 100.0 90.0 100.0 100.0 100.0 95.0
previous works were performed properly

Average no. of personnel annually 7.4 0.0 6.8 0.0 0.0 0.0
Minimal volume of works on contract 2.9 24.0 86.4 72.0 91.5 52.0
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The findings are in line with the conclusions of Patrucco et al. [23] on the positive effect of a
proper qualification stage on the performance of (e.g., infrastructure) projects. On the other hand,
suppliers should be aware of the qualification requirements used by investors to be able to
successfully bid for contracts and thus help to fulfil the production plan and improve the capacity
utilization performance metric.

The follow-up analysis further examined the approach of public investors to the process of
evaluation of the bids submitted [37]. In contrast to qualification, significant differences between
the use of evaluation criteria have not been found between the Czech Republic and Poland as
evaluation is primarily based on the lowest bid price. Just 8.7% of the analysed projects were
evaluated by using multiple criteria, e.g. duration of works, warranty period and operating costs.
The data suggest that the LCC approach is still not very widespread among public investors in both
the Czech Republic and Poland.

A detailed investigation of this topic has also resulted in the development of the “Methodological
recommendations for the unification of qualification and valuation criteria for public works
contracts” [38] that were adopted by the South Moravian Region for practical use within the
Region’s authorities as well as its subordinate organizations.

The bid price is an important element influencing the financial aspect of construction projects. In
this area, the author has conducted an analysis of how the competition in tender measured by the
number of bidders affected the ratio between the award price and the estimated price (AE:) [39].
Results based on a dataset of 256 tenders suggest an increasing trend of achieving more favourable
(i.e., lower) bid prices with the increasing level of competition within the tender (see Figure 3). The
results obtained are consistent with other studies published so far centring attention to encouraging
sufficient competition in the tender (e.g. [40]) as a focal point of the tender process.
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Figure 3. Analysis of the dependence of relationship between AE; at the number of bidders [39]

A further author’s research activity has been directed towards an innovative procurement route
supporting the digitalization of the purchasing process consisting of electronic reverse auctions (e-
RA). Despite the controversy related to e-RA use in the construction sector, research results have
shown the benefits of their application for buyers (e.g., cost savings and enhanced transparency) and
partially also for suppliers (equal opportunity to get the contract). However, an informed decision
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on using e-RA should be made with respect to the need to critically review the suitability of auctions
with regard to the nature of the product required and the ability of the buyer to describe it in sufficient
detail [41,42]. An in-depth exploration of savings potential conducted on the Slovak e-RA dataset
(161 records) proved that a significant proportion of e-RA-supported tenders (52.8%) dealt with a
low number of bidders (that is less than 4). However, if sufficient competition within the tender is
ensured, the buyer may enjoy significant savings achieved through the auction. As an example,
Figure 4 shows contour plots for the estimation of the achieved relative savings percentage for the
“buildings” subset (where nNOB stands for the number of bidders and nCHA for the number of
changes of bids during the comparison round) [43]. Accordingly, efforts towards strengthening the
competition and using competition-oriented tolls have the ambition to bring about further
performance improvement.
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Figure 4. Contour plot for the estimation of the achieved relative savings percentage
(“buildings” subset) [43]

Regarding the bidding process, the issue of bid price estimation deserves some attention. Firstly,
from the investor’s point of view, the estimated value of the contract may be not determined
adequately. For instance, cost estimation based on what is called “technical-economic indicators”
might provide considerably misleading outputs in the case of less common facilities because these
indicators are often built on small datasets of historical prices and indexed to the actual price levels.
A case study analysis of sports facilities revealed a large discrepancy between publicly available
indicators and real data coming from executed projects. Table 3 shows the comparison of the values
of the technical-economic indicator per 1 m® of enclosed area (TElga) with URS and RTS indicators
[EUR/M®]. The results clearly indicate that using URS and RTS indicators leads to the
overestimation of investment costs [44].

Table 3. Comparison of TElea values with URS and RTS indicators [EUR/m®], [44]

Indicator TElga URS RTS
Sample size 7 3 unknown
Value 118.23 213.95 204.10
Relative difference 100% 181% 173%
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The accuracy of preliminary/estimated values becomes important inasmuch as a significant part
of contractors may be influenced by them when determining their bid price. The research on bidding
strategy in construction public procurement [45] has documented that less successful companies in
tenders pay more attention to the estimated value than moderately and highly successful companies.
The estimated value should be considered rather as an indicative value, not a binding basis for the
bid price assessment. In the Czech construction sector, most of the suppliers apply cost-oriented
pricing methods; however, the bidding strategy may be differentiated in appealing tenders as a
response to the low-cost orientation of the Czech public construction procurement. The accuracy of
cost estimation may also be negatively influenced by faulty overheads management. A detailed
analysis of 16 bridge construction projects has revealed significant shortcomings in the calculation
process [46]. The findings helped identify the three most important production overhead cost (POC)
items for individual contracts (see Figure 5) and formulate several recommendations on how to
improve the calculation process. The follow-up research has confirmed that overheads calculation
affect the company’s competitiveness on the market and, consequently, its ability to win contracts
[47].

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

3 4 5 6 7 8 9 10 11 12 13 14 15 16

MW Travel allowance and costs and accommodation
B Construction manager remuneration plus social and healthcare insurance

B Rental of construction site cabins

Figure 5. Comparison of the share of the three most important POC items for the individual
contracts on total POC [46]

The results from the procurement stage should later be confronted with the actual costs resulting
from the execution of the project. A study of 16 South Moravian road construction projects (see
Figure 6) has revealed a high interest of tenderers in competing. Accordingly, market competition
has significantly reduced award price compared to the estimated value; however, the difference
between the award (or contract) price and the final (or actual) price points to the later changes in the
project due to various implementation reasons, such as conflicts with existing utility networks or
insufficient design and exploratory works (e.g., the occurrence of subsoil with insufficient bearing
capacity) [48]. Thus, the outputs of this study emphasize again the unsatisfactory quality of available
tender documentation as a factor with significant potential to influence the performance.
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Figure 6. Comparison of value/prices in individual project phases [48]
3.2 Sustainability perspective

The drive towards sustainability has many dimensions. In construction and facility management,
these involve a decrease in energy demands, efficient maintenance solutions, the use of
environment-friendly materials, issues related to the recycling/reuse of materials at the end of the
structure’s lifetime and thus also the issue of a circular economy. Within the field of “Civil
Engineering Management”, we are especially interested in the related economic aspects. Therefore,
the cost perspective should cover not just project execution costs and other costs relating to the early
stages of the project (e.g., costs for project documentation), but also costs incurred during the
operational phase and the costs of disposal. Thus, scholars refer to Life-Cycle Costs (LCC) to look
for cost-optimal solutions throughout the entire service life of a building or facility [49,50]. The
most common LCC calculation formula is

LCC = Yoo sm ®)
where cn denotes all annual costs in year n,
r is the discount rate,
n is the analysed year (n=0, 1, 2, ... t),
t is the length of the life-cycle in years.

People managing and preparing projects face the problem of the lack of accurate data in its early
stages. The closer they are to the beginning of the project, the more difficult it is to estimate or
predict not just execution costs, but especially the consequent operational costs. The current body
of knowledge suggests several advanced methods for quick cost prediction, for instance in tunnel or
road structures [51,52], but their actual application in practice is minimal.

Furthermore, the unavailability of precise data on costs of expected repairs and maintenance, as
well as determining the proper expected service life of structures complicates LCC predictions in
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the more distant future. In this regard, Construction 4.0 should facilitate working with the necessary
data and many practitioners expect significant benefits from the deployment of BIM (Building
Information Management). The practical use of BIM represents a significant transformation of the
entire industry and is associated with revolutionary digitalization and automation advances [53]. As
stated by Gledson & Greenwood [54], BIM adoption rates vary across the world. For the UK,
increased use of 4D BIM for planning projects has been reported in 2017 with a time lag of 2.38-
3.00 years between awareness of it and the first use. Recent pilot BIM projects implemented in the
Czech Republic have aimed to identify and verify options of, for example, design optimization with
respect to investor requirements, BIM use during the operation of the building and during
renovations.

In this area, the author participated in the creation of an LCC estimation model focusing on
construction materials [55]. The model builds on the formula (7) given above, populating the repair,
maintenance and replacement (R/M/R) database with relevant data (information on R/M/R costs is
transferred from the price framework of the building cost estimation system). Because the model
connects three different systems: (1) the LCC calculation system; (2) the facility management
system; and (3) the building cost estimation system, it was necessary to establish a suitable structural
division of a building that would be compatible with all the component systems, i.e., dividing it into
functional parts (see Figure 7). The model is assembled for a selected functional part of the building
(Fagade Composition). The model provides information on acquisition costs, replacement costs,
maintenance costs and repair costs and thus supports investors with relevant LCC data that facilitate
making informed decisions regarding the selection of optimum material solutions for their buildings.
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3D BIM MODEL
(designed solution)

Designed structural characteristics

Designed material solution

Designed dimensional solution

Assembly/Disassembly time
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‘ f T ¥ LCC CALCULATION
|
DESIGNER (alt. to BIM and FM) | |1 | Designed solution acquisition costs
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Information on the frequency and scope of R/M/Rs | Ll f:—f Designed solution disposal cosls (ﬂew Solution)
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|| | Total L.CC of the designed solution v
FACILITY MANAGEMENT S I B Aftas
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Figure 7. The process of exchanging information among the individual systems [55]
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The introduced model received a great deal of attention in the research community, which can be
demonstrated by the high number of citations (more than 20 citations on Web of Science, as well as
in the Scopus database within two years of publication); furthermore, the paper got the “Buildings”
journal’s Best Paper Award in 2019 (second award) based on the evaluation of the originality and
significance of the paper, its citations, and downloads.

Currently, the proposed model is being developed further to extend its applicability to the early
stages of construction projects (especially the design stage) in order to demonstrate a wide range of
possible design and material solutions with diverse LCC. Such approach is vital mostly for investors,
but becomes no less important for contractors, for example under the Build-Operate-Transfer
arrangements [56] where the contractor is also appointed to operate and maintain the project on
behalf of the client for an agreed period of time. When creating the concept for selecting the best
contractor based on Multi-Criteria Decision Analysis (MCDA), different perceptions of the long-
term cost perspective has been revealed among clients and suppliers [57]. While the weight of life-
cycle costs for clients was 24.9% (that is more than the weight of the criterion of quality), for
contractors the weight was just 4.9%.

For existing buildings/structures/facilities, the management and the related optimization of their
operation and maintenance should be considered. The set of modern optimisation modelling tools
has been reviewed in [58] and supplemented with the call for involving optimization methods and
information systems in decision-making. For instance, the maximum increase in winter road
maintenance service in Kraljevica to ensure steady traffic conditions has been examined. The
problem has been addressed in terms of the capacitated vehicle routing problem and a simulation
was based on the worst weather scenario. The results of the advanced analysis revealed room for
improving maintenance services in small municipalities [59].

The sustainability aspect in construction may also be considered in terms of the related socio-
economic impacts. The current body of knowledge provides interesting achievements in this regard,
for example in relation to the determination of benefits associated with increasing the safety and
reliability of a railway line [60] or an environmentally-friendly design of marine construction
supporting enhanced biodiversity [61]. Even though numerous studies have highlighted
environmental considerations, this agenda deserves more attention from the research community,
especially in the context of Construction 5.0.

Recent trends push this dimension to be incorporated in performance management systems
through adding social aspects and commitment to sustainable development goals [62]. An overview
of various systems used for performance measurement in construction contracts with emphasis on
environmental aspects is available in [63]. The latest findings [64] confirmed that major
infrastructure operators (road, rail, utility tunnels, water and sewage) do consider advanced
approaches; however, they are not used in practice (or are used in a limited way), whether in terms
of BIM, LCC or sustainability in general.

The ongoing Covid-19 pandemic pointed out the importance of ensuring sustainable supply
chains in the construction industry. Recent studies analysing the impact of the pandemic on
construction projects reported its direct impact on disruptions of the supply chains, workforce
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immobility and shutdowns of transportation systems resulting in cancellation of planned projects
and delays/suspension of existing projects, loss of workforce and financial issues [65,66]. These
effects naturally resulted in reduced productivity and, therefore, not meeting performance goals [67].

An exploratory study performed in the context of the Czech construction sector has reported
similar issues, such as slowed supply chains (especially for deliveries outside the EU, e.g., a delay
in delivery of special cooling equipment from Turkey, delivery of cross-ties for a railway
reconstruction to Slovakia from Serbia via Hungary, and the lack of plastic or steel products), project
delays/interruptions, lack of personal protective equipment and lengthy dealings with the authorities.
Furthermore, some companies have also highlighted the costs incurred in relation to the purchase of
additional electronic equipment/devices [68] enabling digitalization and online communication
among project participants to reduce the number of face-to-face meetings.

Regarding the investigations of supplier selection [69], it has been confirmed that selection
criteria vary among main contractors and subcontractors. While for the main contractors, the major
criterion consists of communication and long-term cooperation (they prefer to cooperate with
verified suppliers with whom they have developed a long-term relationship), subcontractors focus
more on the quality of materials used (they usually bear the ultimate responsibility for the quality of
materials as any complaints (claims of defects) in this respect on the part of the client will be shifted
from the main contractor to the subcontractors).

Table 4. Significance of performance measurement criteria (RIl — relative importance index)

used [69]
Main contractors Subcontractors
Criterion RII Rank Criterion RII Rank
Quality of communication 0736 6 Quality of communication 0781 6
Meeting delivery deadlines 0933 2 Meeting delivery deadlines 0945 1
Number of claims of defects 0776 5 Number of claims of defects 0782 5
Speed in remedying claims of 0840 3 Speed in remedying claims of 0790 4
defects defects
Ability t(_) erX|ny_respond to 0829 4 Ability t(_) erX|ny_respond to 0863 3
changes in the project changes in the project
Meeting the planned price 0948 1 Meeting the planned price 0864 2

Table 4 shows the significance of performance criteria in terms of the relative importance index
(RII) according to the role of the company in the supply chain, that is its position as the main
contractor or a subcontractor. The data indicate that both main contractors and subcontractors focus
mostly on cost and time; furthermore, their swiftness in remedying defects and the ability to flexibly
respond to changes in the project are perceived as more important than quality. About half of the
companies evaluate their suppliers once a year, the others more often (quarterly or even after each
project).

Accordingly, understanding the preferences and expectations of individual stakeholders in the
supply chain is essential to promote mutual understanding and building of trust in their relationship.
Performance indicators should support achieving project success. In this view, the importance of
performance indicators should be continuously re-examined as the project is progressing to its other
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stages [70]. Consequently, it can be expected that good performance results on the project level will
be reflected in better performance on the organizational level.

3.3 Prospects for further development of performance management
systems

The findings presented in the previous sections of this thesis emphasized the need to adjust the
currently used performance management systems in construction to address new requirements and
challenges. Accordingly, this calls for a re-examination of the suitability of the KPI used and
exploration of various other influences that affect the economics of construction projects.

There are several points to be highlighted. Firstly, we should be aware that setting performance
targets must be based on realistic expectations and should lead to a successful conclusion of the
project. From the economic point of view, this requires the adoption of refined/advanced tools (such
as refined values of technical-economic indicators [44], neural networks, support-vector machines
or genetic algorithms [51,52,71]) in order to improve cost estimations. The preparation of tender
documentation, as well as the procurement stage, should rely more on the long-term perspective
represented by the LCC approach [50,55] and the selection of a capable supplier based on sound
qualifications and reasonable and efficient valuation criteria [36,37]. The execution phase has to be
monitored by a comprehensive set of indicators covering the Iron Triangle, as well as other
performance areas [8,15] and to consider stakeholder management, as well as management of the
supply chain [17,26,64,68,69].

An in-depth post-project review is needed during the post-construction phase, which has to be
supplemented with a list of informative insights for the future, as well as analysis of challenges and
solutions adopted during the project execution [46] [SUS]. Accordingly, defining requirements for
the post-construction audit seems to be a crucial issue. The positive effect of the LCC approach
should later be monitored within facility management during the operational phase [72], as well as
in the context of sustainability that becomes important during the disposal phase.

In order to monitor performance areas adequately, appropriate KPIs [15,17,64,69] must be
defined with respect to the informative value they are providing for particular activities and in
individual stages of the particular type of project. KPIs should be used in a progressive way allowing
for the prediction of future performance and support risk control. Therefore, both the setting of the
project’s objectives as well as the project’s reporting should be based on KPIs. It is expected that
enhanced digitalization will further contribute to enhanced productivity in the construction industry.

Figure 8 clearly shows the key issues (processes in particular stages) relating to the performance
management and measurement in construction from an economic point of view. Additionally, the
cloud-shaped bubbles outline the recommended direction of future research for performance
management improvement, while line bubble labels show examples of cost performance indicators
variability. Further investigations should also be directed towards creating a link to the
organisational strategy and decomposition of strategic goals into particular KPIs [18,73].
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Figure 8. Scheme of selected key economic prospects for further development of performance
management systems

4 CONCLUSION

The presented work accentuates persistent debate in construction and project management
literature and actual practice about how to measure performance and what determines the success of
a project. Advanced performance management is necessary to steer the project during any of its
stages. Performance measurement systems should therefore build on the “Iron Triangle* approach
and its extensions to capture various aspects, features, challenges and evolving areas of the
construction industry.

Recent developments in this research area provide promising outputs in relation to the assembly
of a dynamic and holistic performance management system. The further adoption of advanced
systems by practitioners will require them to move beyond their comfort zone, away from the
traditional concepts, to adapt their mindset and make changes to the established routines. Finally,
the follow-up initiatives should lead to a closer interconnection of the project and organizational
levels of performance. The field of “Civil Engineering Management” connects technical, economic
and managerial disciplines. Therefore, any further development of performance management
models and particular measurement metrics requires an interdisciplinary approach across various
construction specializations.
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5 CONCEPT OF FUTURE ACTIVITIES IN RESEARCH AND
TEACHING

The research activity will continue to be focused on business economics and performance
management and measurement with an emphasis on the project level and economic aspects within
the construction industry. The findings presented in the thesis enhance the call for improving
existing measurement approaches by adding new dimensions. Indeed, the interaction of individual
stakeholders in a construction project with respect to their individual goals and expectations will
affect their performance, such as in the context of the emerging long-term perception of investors
and prevailing short-term perception of suppliers.

It should be reiterated that the ongoing Covid-19 pandemic has significantly affected the national
economy and the construction sector is no exception, especially in terms of disrupted supply chains
and significant fluctuations in the prices of construction materials. Further research will therefore be
directed especially towards LCC and sustainability, as well as supply chain management issues and
their effect on performance.

The author plans to further develop the scope of international cooperation. A substantial part of
the author’s current research activities takes place at an international level (in cooperation with UPC
BarcelonaTECH, University of Rijeka, University of Ljubljana, Cracow University of Technology
and other institutions), also with the support of international projects. The constant effort to expand
the professional and scientific collaborative networks have resulted in the recent involvement of new
partners (RheinMain University of Applied Sciences and University of Natural Resources and Life
Sciences in Vienna).

Regarding the pedagogical activity, research outputs are continuously passed on to the teaching
process to keep students up to date with the latest trends and approaches in the field of Civil
Engineering Management. An important task is to enable talented students to further develop their
skills, either in the form of student competitions or through participation in specific research
projects. At more advanced levels of study, emphasis must be placed on students’ independent
thinking and, regarding doctoral students in particular, also on getting prompt feedback from the
international scientific community in the form of active participation in conferences and by being
confronted with sound reviews by scholarly journals.

| consider it essential that the teaching process also includes the input of experts from the industry
and from abroad, which will allow students to gain a better awareness of the subject matter they are
being taught about. Therefore, | appreciate and actively make use of development and
internationalization projects by which the university supports this kind of involvement. By
maintaining and developing long-term good relations with foreign partners, | will also encourage
and support the mobility of students to partner universities across Europe.

23



ACKNOWLEDGEMENT

I would like to express my deep gratitude to all my colleagues and collaborators with whom I had
the honour to work throughout my pedagogical, scientific or professional career. These include my
colleagues at Brno University of Technology, practitioners, as well as foreign researchers from

partner universities, who often provided stimulating discussions as well as happy distractions to rest
my mind.

Special thanks go to my family for their continuous support.

24



REFERENCES

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

H.A. Bassioni, S.M. Asce, ; A D F Price, T.M. Hassan, M. Asce, Performance Measurement
in Construction, (1992). https://doi.org/10.1061/ASCEQ0742-597X200420:242.

R. Atkinson, Project management: Cost, time and quality, two best guesses and a
phenomenon, its time to accept other success criteria, Int. J. Proj. Manag. 17 (1999) 337-342.
https://doi.org/10.1016/S0263-7863(98)00069-6.

R. Wayne Gregory, R. Beck, M. Keil, Control balancing in information systems development
offshoring projects. MIS Quarterly: Management Information Systems, 37 (2013), 1211-
1232. doi:10.25300/M1SQ/2013/37.4.10

J. Koppenjan, W. Veeneman, H. van der Voort, E. ten Heuvelhof, M. Leijten, Competing
management approaches in large engineering projects: The Dutch RandstadRail project, Int.
J. Proj. Manag. 29 (2011) 740-750. https://doi.org/10.1016/j.ijproman.2010.07.003.

M.S. El-Mashaleh, ; R Edward Minchin, W.J. O’Brien, Management of Construction Firm
Performance Using Benchmarking, Journal of Management in Engineering, 23(1), 10-17.
(2007). https://doi.org/10.1061/ASCE0742-597X200723:110.

N.A. Ankrah, D. Proverbs, Ankrah, N A and Proverbs, D (2005) A framework for measuring
construction project performance: overcoming key challenges of performance measurement.
21st Annual ARCOM Conference, 7-9 September 2005, SOAS, University of London.
Association of Researchers in Construction Management, Vol. 2, 959-69.

M. Sutrisna, E. Pellicer, C. Torres-Machi, M. Picornell, Exploring earned value management
in the Spanish construction industry as a pathway to competitive advantage, Int. J. Constr.
Manag. 20 (2020) 1-12. https://doi.org/10.1080/15623599.2018.1459155.

H.S. Cha, C.K. Kim, Quantitative approach for project performance measurement on building
construction in  South Korea, KSCE J. Civ. Eng. 15 (2011) 1319-1328.
https://doi.org/10.1007/s12205-011-1323-5.

S.G. Kim, Risk performance indexes and measurement systems for mega construction
projects, J. Civ. Eng. Manag. 16 (2010) 586-594. https://doi.org/10.3846/jcem.2010.65.

H.L. Chen, Performance measurement and the prediction of capital project failure, Int. J. Proj.
Manag. 33 (2015) 1393-1404. https://doi.org/10.1016/j.ijproman.2015.02.009.

J.-S. Lee, Calculating cumulative inefficiency using earned value management in
construction projects, Can. J. Civ. Eng. 42 (2015) 222-232. https://doi.org/10.1139/cjce-
2014-0029.

G. Hofstede, Management control of public and not-for-profit activities, Accounting, Organ.
Soc. 6 (1981) 193-211. https://doi.org/10.1016/0361-3682(81)90026-X.

M. Radujkovié, M. Sjekavica Klepo, M. Bosch-Rekveldt, Breakdown of Engineering
Projects’ Success Criteria, J. Constr. Eng. Manag. 147 (2021) 04021144.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0002168.

S.-R. Toor, S.0. Ogunlana, Beyond the ‘iron triangle’: Stakeholder perception of key
performance indicators (KPIs) for large-scale public sector development projects, Int. J. Proj.
Manag. 28 (2010) 228-236. https://doi.org/10.1016/j.ijproman.2009.05.005.

S. Moradi, R. Ansari, R. Taherkhani, A Systematic Analysis of Construction Performance
Management: Key Performance Indicators from 2000 to 2020, Iran. J. Sci. Technol. - Trans.
Civ. Eng. (2021). https://doi.org/10.1007/s40996-021-00626-7.

25



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

26

N.A. Ankrah, D. Proverbs, A framework for measuring construction project performance:
Overcoming key challenges of performance measurement, Assoc. Res. Constr. Manag.
ARCOM 2005 - Proc. 21st Annu. Conf. 2 (2005) 959-969.

P. Trtilek, T. Hanak, Contracts’ performance measurement in Czech construction companies,
Civ. Environ. Eng. Reports. 4 (2021) 214-236. https://doi.org/10.2478/ceer-2021-0058.

M. Vukomanovic, M. Radujkovic, The balanced scorecard and EFQM working together in a
performance management framework in construction industry, J. Civ. Eng. Manag. 19 (2013)
683—695. https://doi.org/10.3846/13923730.2013.799090.

S. Dror, The Balanced Scorecard versus quality award models as strategic frameworks, Total
Qual. Manag. Bus. Excell. 19 (2008) 583-593. https://doi.org/10.1080/14783360802024366.

B. Rusjan, Usefulness of the EFQM excellence model: Theoretical explanation of some
conceptual and methodological issues, Total Qual. Manag. Bus. Excell. 16 (2005) 363—380.
https://doi.org/10.1080/14783360500053972.

K.K. Tripathi, K.N. Jha, An Empirical Study on Performance Measurement Factors for
Construction  Organizations, KSCE J. Civ. Eng. 22 (2018) 1052-1066.
https://doi.org/10.1007/s12205-017-1892-z.

M.S. El-Mashaleh, R. Edward Minchin, W.J. O’Brien, Management of Construction Firm
Performance  Using Benchmarking, J. Manag. Eng. 23 (2007) 10-17.
https://doi.org/10.1061/(asce)0742-597x(2007)23:1(10).

A.S. Patrucco, A. Moretto, L. Knight, Does relationship control hinder relationship
commitment? The role of supplier performance measurement systems in construction
infrastructure  projects, Int. J. Prod. Econ. 233  (2021)  108000.
https://doi.org/10.1016/j.ijpe.2020.108000.

R.E.E. Freeman, J. McVea, A Stakeholder Approach to Strategic Management, SSRN
Electron. J. (2001). https://doi.org/10.2139/ssrn.263511.

J. Korytarova, V. Hromadka, P. Adlofova, D. Bartt, L. Kozumplikova, M. Spiroch, Big City
Road Circuit Brno, 2015.

R.K. Mitchell, B.R. Agle, D.J. Wood, Toward a Theory of Stakeholder Identification and
Salience: Defining the Principle of Who and What Really Counts, Acad. Manag. Rev. 22
(1997) 853. https://doi.org/10.2307/259247.

G. Mladenovic, N. Vajdic, B. Wiindsch, A. Temeljotov-Salaj, Use of key performance
indicators for PPP transport projects to meet stakeholders’ performance objectives, Built
Environ. Proj. Asset Manag. 3 (2013) 228-249. https://doi.org/10.1108/BEPAM-05-2012-
0026.

S. Kermanshachi, E. Safapour, Identification and quantification of project complexity from
perspective of primary stakeholders in us construction projects, J. Civ. Eng. Manag. 25 (2019)
380-398. https://doi.org/10.3846/jcem.2019.8633.

H. Xue, S. Zhang, Y. Su, Z. Wu, R.J. Yang, Effect of stakeholder collaborative management
on off-site construction cost performance, J. Clean. Prod. 184 (2018) 490-502.
https://doi.org/10.1016/j.jclepro.2018.02.258.

B. Blazevska-Stoilkovska, V. Zlieska-Pan&ovska, T. Hanak, Materials supply management
in construction projects and satisfaction with the quality of structures, Teh. Vjesn. Gaz. 22
(2015) 721-727. https://doi.org/10.17559/TV-20140812000107.

P. Trtilek, T. Handk, Use of modern approaches for measurement of construction contracts in



[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

the Czech Republic, in: INDIS 2021 - Planning, Des. Constr. Build. Renew., Departman za
gradevinarstvo i geodeziju, Fakultet tehni¢kih nauka, Novi Sad, 2021: pp. 586-594.

A. Ceri¢, Reducing information asymmetry and building trust in projects using blockchain
technology, J. Croat. Assoc. Civ. Eng. 73 (2021) 967-978.
https://doi.org/10.14256/JCE.3310.2021.

X. Meng, The effect of relationship management on project performance in construction, Int.
J. Proj. Manag. 30 (2012). https://doi.org/10.1016/j.ijproman.2011.04.002.

Project Management Institute, A Guide to the Project Management Body of Knowledge,
2013.

A. Elyamany, M. Abdelrahman, Contractor Performance Evaluation for the Best Value of
Superpave  Projects, J. Constr. Eng. Manag. 136 (2010) 606-614.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000158.

J. Korytarova, T. Handk, R. Kozik, E. Radziszewska — Zielina, Exploring the Contractors’
Qualification Process in Public Works Contracts, Procedia Eng. 123 (2015) 276-283.
https://doi.org/10.1016/j.proeng.2015.10.090.

R. Kozik, J. Korytarova, T. Hanak, E. Radziszewska-Zielina, Exploration of Contractor
Evaluation Process in the Management of Public Works Contracts, in: D. Skorupka (Ed.),
Proj. Manag. as a Spectr. Sci. Probl. Eng. Manag., General Tadeusz Kosciuszko Military
Academy of Land Forces in Wroclaw, Wroclaw, 2015: pp. 55-66.

J. Korytarova, L. Markova, V. Hromadka, D. Hrabincov4, B. Puchyf, T. Handk,
Methodological recommendations for unification of qualification and valuation criteria for
public works contracts, Brno, 2011.

T. Handk, P. Muchova, Impact of Competition on Prices in Public Sector Procurement,
Procedia Comput. Sci. 64 (2015) 729-735. https://doi.org/10.1016/j.procs.2015.08.601.

S.M. Wagner, A.P. Schwab, Setting the stage for successful electronic reverse auctions, J.
Purch. Supply Manag. 10 (2004) 11-26. https://doi.org/10.1016/j.pursup.2003.11.001.

T. Hanak, Electronic Reverse Auctions in Public Sector Construction Procurement: Case
Study of Czech Buyers and Suppliers, TEM J. - Technol. Educ. Manag. Informatics. 7 (2018)
41-52.

T. Hanak, T. Chadima, J. Selih, Implementation of Online Reverse Auctions: Comparison of
Czech and Slovak Construction Industry, Eng. Econ. 28 (2017) 271-279.
https://doi.org/10.5755/j01.ee.28.3.12505.

T. Handk, C. Serrat, Analysis of Construction Auctions Data in Slovak Public Procurement,
Adv. Civ. Eng. 2018 (2018) 1-13. https://doi.org/10.1155/2018/9036340.

T. Hanak, L. Hrstka, M. Tuscher, V. Biolek, Estimation of Sport Facilities by Means of
Technical-Economic Indicator, Open Eng. 10 (2020) 477-483. https://doi.org/10.1515/eng-
2020-0062.

T. Handk, A. Drozdova, I. Marovi¢, Bidding Strategy in Construction Public Procurement: A
Contractor’s Perspective, Buildings. 11 (2021) 47.
https://doi.org/10.3390/buildings11020047.

E. Vitkova, T. Hanak, V. S¢evik, Enhancing Production Overhead Cost Estimation for
Construction Contracts: Case Study of Bridges, in: Plan. Organ. Mod. Constr. — Sel. Asp.,
Politechnika Krakowska, Krakow, 2018: pp. 11-32.

27



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

28

L. Hermanova, T. Handk, An empirical analysis of overhead cost management in the Czech
construction industry, Teh. Glas. 11 (2017) 216-220.

J. Korytarova, T. Hanak, Analysis of Road Construction Projects Price Changes in the
Selected Phases of their Life-Cycle, Sci. Rev. Eng. Environ. Sci. 31 (2022). Accepted for
publication (No. 1/2022).

R. Schneiderova-Heralova, Importance of life cycle costing for construction projects, in:
Engineering for Rural Development, 17 1223-1227.
https://d0i:10.22616/ERDev2018.17.N405 2018.

J. Zabielski, I. Zabielska, Life Cycle of a Building (LCC) in the Investment Process - Case
Study, in: 2018 Balt. Geod. Congr. (BGC Geomatics), IEEE, 2018: pp. 254-259.
https://doi.org/10.1109/BGC-Geomatics.2018.00055.

K. Petroutsatou, E. Georgopoulos, S. Lambropoulos, J.P. Pantouvakis, Early Cost Estimating
of Road Tunnel Construction Using Neural Networks, J. Constr. Eng. Manag. 138 (2012)
679-687. https://doi.org/10.1061/(ASCE)C0.1943-7862.0000479.

S. Petrusheva, D. Car-Pusi¢, V. Zileska-Pancovska, Support Vector Machine Based Hybrid
Model for Prediction of Road Structures Construction Costs, in: IOP Conf. Ser. Earth
Environ. Sci., 2019. https://doi.org/10.1088/1755-1315/222/1/012010.

B. Garcia de Soto, 1. Agusti-Juan, S. Joss, J. Hunhevicz, Implications of Construction 4.0 to
the workforce and organizational structures, Int. J. Constr. Manag. (2019) 1-13.
https://doi.org/10.1080/15623599.2019.1616414.

B.J. Gledson, D. Greenwood, The adoption of 4D BIM in the UK construction industry: an
innovation diffusion approach, Eng. Constr. Archit. Manag. 24 (2017) 950-967.
https://doi.org/10.1108/ECAM-03-2016-0066.

V. Biolek, T. Hanak, LCC Estimation Model: A Construction Material Perspective,
Buildings. 9 (2019) 182. https://doi.org/10.3390/buildings9080182.

C.Y.J. Cheah, J. Liu, Valuing governmental support in infrastructure projects as real options
using Monte Carlo simulation, Constr. Manag. Econ. 24 (2006) 545-554.
https://doi.org/10.1080/01446190500435572.

I. Marovi¢, M. Perié, T. Hanak, A Multi-Criteria Decision Support Concept for Selecting the
Optimal Contractor, Appl. Sci. 11 (2021) 1660. https://doi.org/10.3390/app11041660.

V. Venkrbec, M. Gali¢, U. KlanSek, Construction process optimisation - Review of methods,
tools and applications, Gradjevinar. 70 (2012) 593-606.

I. Gudac, I. Marovi¢, T. Hanak, Sustainable Optimization of Winter Road Maintenance
Services Under Real-time Information, Procedia Eng. 85 (2014) 183-192.
https://doi.org/10.1016/j.proeng.2014.10.543.

V. Hromadka, J. Korytarova, E. Vitkova, H. Seelmann, T. Funk, New Aspects of
Socioeconomic Assessment of the Railway Infrastructure Project Life Cycle, Appl. Sci. 10
(2020) 7355. https://doi.org/10.3390/app10207355.

S. Pioch, P. Saussola, K. Kilfoyleb, R. Spieler, Ecological design of marine construction for
socio-economic benefits: Ecosystem integration of a pipeline in coral reef area, Procedia
Environ. Sci. 9 (2011) 148-152. https://doi.org/10.1016/j.proenv.2011.11.023.

F. Albertini, L.P. Gomes, A.E.B. Grondona, M.O. Caetano, Assessment of environmental
performance in building construction sites: Data envelopment analysis and Tobit model
approach, J. Build. Eng. 44 (2021) 102994. https://doi.org/10.1016/j.jobe.2021.102994.



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

P. Trtilek, T. Hanak, Measuring the performance of construction contracts with regard to the
environment, I10P Conf. Ser. Earth Environ. Sci. 656 (2021) 012008.
https://doi.org/10.1088/1755-1315/656/1/012008.

T. Handk, I. Marovi¢, Performance Management in Czech Construction: Public Investors’
Perspective, Tech. J. 16 (2022). Accepted for publication (No 1./ 2022).

A. Biswas, A. Ghosh, A. Kar, T. Mondal, B. Ghosh, P.K. Bardhan, The impact of COVID-
19 in the construction sector and its remedial measures, J. Phys. Conf. Ser. 1797 (2021).
https://doi.org/10.1088/1742-6596/1797/1/012054.

G. Morris, 6 Critical COVID-19 Risks for the Construction Industry, (2020).
https://riskandinsurance.com/6-critical-covid-19-risks-for-the-construction-industry/.

S.S. King, R.A. Rahman, M.A. Fauzi, A.T. Haron, Mechanisms for addressing the impact of
COVID-19 on infrastructure projects, IOP Conf. Ser. Earth Environ. Sci. 682 (2021).
https://doi.org/10.1088/1755-1315/682/1/012047.

T. Hanak, 1. Marovié, L. Kopeckova, Impact of the Covid-19 pandemic on the operation of
construction companies in the Czech Republic, in: Proceedings of the Economics and
business of the post COVID-19 world, Economics of Digital Transformation, Economics of
Digital Transformation. (EDT 2021 Conf. Opatija). Accepted for publication.

T. Handk, I. Nekardova, Selecting and Evaluating Suppliers in the Czech Construction Sector,
Period. Polytech. Soc. Manag. Sci. 28 (2020) 155-161. https://doi.org/10.3311/PPs0.13328.

R. Takim, A. Akintoye, Performance indicators for successful construction project
performance, in: D. Greenwood (Ed.), 18th Annu. ARCOM Conf., University of
Northumbria. Association of Researchers in Construction Managemen, 2002: pp. 545-55.
https://www.arcom.ac.uk/-docs/proceedings/ar2002-545-555_ Takim_and_Akintoye.pdf.

T. Hanak, M. Tuscher, O. Ptibyl, Hybrid Genetic Algorithm-Based Approach for Estimating
Flood Losses on Structures of Buildings, Sustainability. 12 (2020) 3047.
https://doi.org/10.3390/su12073047.

T. Hanak, M. Vukomanovi¢, M. Radujkovi¢, Economic evaluation of energy-saving
measures on panel buildings in the Czech Republic, Tech. Gaz. 20 (2013) 497-504.

M. Radujkovi¢, M. Vukomanovi¢, 1. Burcar Dunovi¢, Application of Key Performance
Indicators in South-Eastern European construction, J. Civ. Eng. Manag. 16 (2010) 521-530.
https://doi.org/10.3846/jcem.2010.58.

29



CZECH ABSTRAKT (Shrnuti)

Predlozené teze pojednavaji o problematice méfeni a fizeni vykonnosti ve stavebnictvi z pohledu
ruznych perspektiv, pficemz akcentuji potfebu posunu od konvenc¢niho piistupu k dynamickému
pojeti zahrnujicimu celozivotni hledisko. Teze ptedstavuji ¢ast vyzkumné ¢innosti autora zameéiené
na vybrané ekonomické a manazerské aspekty pisobici na vykonnost s akcentem na projektovou
uroven. V praci jsou postupné predstavena zakladni hlediska a vybrané klicové indikatory
vykonnosti stavebnich projektti, na které¢ volné navazuje problematika fizeni vykonnosti na urovni
organizace. Pozornost je vénovéana predev§im ekonomickym indikatorim, umoziujicim fidit
vykonnost projektu / stavebniho dila v rdmci celého jeho Zivotniho cyklu. S ohledem na projektove-
orientovanych charakter stavebnictvi a velky pocet ucCastnikl projektu, prace také pojednava o
teoretickych vychodiscich a praktickych aspektech tykajicich se ptistupu ke stakeholderam.

Prezentované vystupy poukazuji na potfebu rozsifeni zabéru stavajicich systémul fizeni
vykonnosti zalozenych na principu ,,Iron Triangle® (projektového trojimperativu neboli zelezného
trojuhelniku) o dal$i oblasti kontroly, naptiklad obstaravani, odhady / kalkulace nakladi a
stanovovani nabidkovych cen, problematiku udrzitelnosti z pohledu nékladii Zivotniho cyklu, fizeni
dodavatelského fetézce a dopadii na Zivotni prostredi, pottebu sledovani rizik a zohlednéni principi
teorie stakeholdert.

Vystupy veédecké cinnosti potvrzuji pretrvavajici nejednoznacnost stanoveni predpokladi
uspéchu stavebniho projektu a odbornou debatu o tom, jak vlastné métit vykonnost. Teze piinaseji
vyhledy na dal§i sméfovani védecko-vyzkumné ¢innosti v oblasti méfeni a fizeni vykonnosti ve
stavebnictvi S diirazem na schopnost nastavovat adekvéatni a realistické vykonnostni cile a schopnost
dynamicky sledovat vykonnost projektu holistickym pfistupem. Dal$i rozvoj systémi méteni
vykonnosti by mél podporovat schopnost predikce ve vazbé na dosahovani vytyéenych cild a
vyuzivat pokrokil dosazenych v ramci stale se rozvijejici digitalizace stavebnictvi.
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