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Rethinking niche tourism: The example of backpacking 
Greg Richards 

Tilburg University in the Netherlands 

Abstract 

This conceptual paper re-evaluates the concept of niches in tourism markets. As 
many regions are now attempting to address niche markets in tourism as a 
development strategy, understanding of the dynamics of niche markets is crucial. 
Current approaches are often limited to seeing niche markets as simple subsectors of 
larger consumer markets. We argue for a broader view of market niches as forms of 
social rituals involving both consumers and producers with a mutual focus of 
attention. Based on the work of Randall Collins we examine how interaction rituals 
are produced and maintained, and how these are also reflected in niche markets, 
such as backpacking. We illustrate the how backpacking produces a mutual focus of 
attention and boundaries to outsiders, helping to sustain the niche over the longer 
term. This analysis has implications for producers hoping to tap into niche markets, 
as they too need to become part of the niche community.  
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Introduction  
Most thinking about niches is not surprisingly based on marketing theory – the niche 
is specialised space in the market where a firm can escape direct competition or 
exploit its own special competence. Viewed from a consumer perspective, there is a 
tendency to link niches with specific special interests, which constitute a coherent 
market to be served. There has been increasing attention for niche markets within 
tourism and other consumer markets, as these are also seen as growing in 
importance in increasingly fragmented markets (Novelli, 2005). 

Relatively little attention is paid, however, to how niches are identified, develop and 
are consolidated. This paper provides some initial theoretical work on the 
development of tourism niches, drawing on some key facets of contemporary social 
development in the experience economy and the network society. It draws on the 
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example of backpacking as a travel niche in which the maintenance of niche identity 
is supported by the development of ‘Interaction Ritual Chains’.  

A consideration of niche markets is important to regional development because 
increasing competition is forcing regions to specialise, as exemplified in the European 
Commission (2010) initiative towards ‘smart specialisation’. Service industries, such as 
tourism, provide an important and flexible source of specialisation, and many 
regional development strategies have been based on identifying and developing 
suitable tourism niche markets.  

For example, Michael (2003) considers the development of ‘micro-clusters’ aimed at 
different tourism niches such as book towns, wine tourism clusters, fishing, and 
nature tourism, which aim to generate comparative advantage. Other authors have 
examined the development of niche markets such as golf tourism (Tassiopoulos  & 
Haydam, 2008), arts tourism (Lim & Bendle, 2012), or diaspora tourism (Newland, K., 
& Taylor, C. (2010). The development of niche markets in tourism is most often 
pursued from a marketing perspective, in which niches are seen as subsectors of 
larger markets. This paper presents a view of niche markets as relational social fields, 
in which relational capital becomes an important driver of behaviour, alongside more 
traditional economic exchange approaches.  

Niches and social theory 

The term ‘niche tourism’ derives largely from marketing theory and the concept of 
niche marketing, which in turn leans on the concept of an ecological niche (Novelli, 
2005). In ecology, the niche characterizes the position of a species within an 
ecosystem, which is a unique combination of a physical habitat and how a species has 
adapted to life in that habitat. As Dalgic and Leeuw (1994:40) argue: 

Some marketers have long advocated the use of ecology or biological theory in 
marketing in order to study markets. A relationship may be drawn between the 
ecological niche and the market niche… In both cases, organisms and 
organizations live in their immediate physical environment and are able to 
continue their life forms in a changing environment. 

The implication of this is that suppliers escape competition in mass markets by 
seeking a specific niche which is better suited to them than to their competitors. 
Niche marketing is therefore ‘a process of offering the products that are 
differentiated and do not have many alternatives to an individual customer or a 
narrowly defined group of customers with similar characteristics or needs’ (Sert, 2017, 
p. 16). In rapidly fragmenting consumer markets, according to Dalgic and Leeuw 
(1994:44), companies need to be flexible and develop differentiated products to meet 
the needs of different niches: ‘In niche marketing the focus is on the customer and on 
profit; niche marketers specialize in serving marketing niches. Instead of pursuing the 
whole market (mass marketing), or large segments of the market, these firms target 
segments within segments or, for the sake of simplicity, niches.’ The same logic can 
be extended to the marketing of tourism, both in terms of products and destinations. 
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For example, many regions have developed niche tourism products in order to 
compete more effectively in the face of globalization. Niche tourism, because it is 
often based on special interests of the consumers, is seen as a useful tool for regions 
to strengthen their tourism products and market profile through specialisation.  

Seen from the supply side, companies simply have to identify different market niches 
and meet the needs of these markets. However, this begs the question of how niches 
actually arise and how suppliers can identify and interact with them. In ecology, 
niches are created through evolution and natural selection. In a social system, 
however, a different approach may be required to guide our thinking on niches. 

In social systems, the differentiation inherent in the creation of niches can be related 
to the process of distinction. Classic work on social distinction (Bourdieu, 1984), for 
example, emphasised the role of cultural capital and symbolic consumption in 
maintaining difference. For Bourdieu, social classes could develop and maintain their 
distinction through the acquisition of cultural capital, in his eyes related to the 
development of ‘taste’ and the consumption of high culture. In recent years this 
model has been problematised by the de-differentiation of ‘high’ and ‘popular’ 
culture, and the emergence of ‘omnivorous’ patterns of consumption (Peterson, 
2003). More recent work in sociology has emphasised the growth of eclectic 
consumption patterns (Bellevance, 2008), which have disarticulated the previously 
assumed relationships between specific social groups and specific products. This 
effectively means that although one might be able to identify a niche as a group of 
consumers who consume a particular product, it is more difficult to see the market 
niche as a direct corollary of the ecological niche, since there is no longer one single 
type of consumer who consumes one single type of product. 

In this more complex field of consumption, some social scientists have suggested that 
instead of analysing the consumption of social groups (either in terms of class or 
market segments), it may be more fruitful to study the particular practices that 
people undertake, and in particular how meaning is formed and communities of 
interested created through such practices. 

Pantzar and Shove (2005) argue that a focus on practices produces a new set of 
research questions, which we could certainly apply to the study of niches: 

• What it means to participate 

• How enthusiasms develop and flourish 

• The demands that practices make of those who follow them 

• Specific mechanisms of attraction and defection 

• The relationship between individual practitioners and the unfolding entity of 
the practice 

In a practice approach to consumption, ‘the concept of “the consumer”, a figure who 
has bewitched political and social scientists as well as economists, evaporates. 
Instead the key focal points become the organization of the practice and the 
moments of consumption enjoined. Persons confront moments of consumption 
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neither as sovereign choosers nor as dupes. (Warde, 2005). Rather than simply 
consuming what is offered in a particular ‘market niche’, the consumer is actively 
involved in forming a specific niche through their consumption practices. 

At the same time as the distinctions between groups of consumers is lessening, the 
boundaries between producers and consumers are also becoming more vague. 
Consumers are increasingly involved in the development and design of leisure 
products. Rather than just major corporations undertaking research and 
development to create new products and services, these may be initiated by users, 
sometimes for their own pleasure or satisfaction, sometimes as small-scale 
entrepreneurs, and sometimes in conjunction with larger producers. 

The integration of consumption and production is also made explicit in the concept of 
'co-creation' (Binkhorst and den Dekker, 2009). This involves ‘consumers’ and 
‘producers’ coming together to jointly create value. In the narrow conception of co-
creation in the marketing literature this means ‘firms’ building relationships with 
‘customers’ in order to better meet their needs. In the wider social field, however, it is 
becoming increasingly obvious that it actually involves the breaking down of barriers 
between production and consumption in an act of ‘prosumption’. In the leisure field, 
for example, there is increasing identification of ‘lifestyle entrepreneurs’ who want to 
support consumption of a specific activity by starting up a business in that field 
(Peters et al., 2009). The motivations for different parties to engage in these systems 
of co-creation is also slightly different from traditional markets. Of course, there is 
money to be made, but in contrast to traditional entrepreneurs, the new lifestyle 
entrepreneurs or lead users are often more concerned about reputational or 
relational capital and their position in wider user networks (Castelfranchi et al., 2006). 

When the barriers between production and consumption begin to break down, so do 
traditional power relationships. It is no longer just the major producers who control 
markets, but very often the influential users (or ‘lead users’) who innovate and 
develop products in the first place (Walder et al., 2006). Such markets are dominated 
not by important suppliers, but by reputation and position in a social field of co-
creation. 

In the contemporary prosumption, co-creation marketplace, therefore, traditional 
thinking about niches may need to be reconsidered. It is no longer just the producer 
who identifies a suitable niche market to escape the cold wind of mass market 
competition: niches are formed and developed by producers and consumers acting in 
a symbiotic manner to gain mutual benefit from specific practices.  The question of 
how niches arise, are maintained and eventually disappear is therefore closely 
related to the recruitment and retention of actors in those practices. Recent research 
on the development of social practices has provided new potential ways of looking at 
niches as a specific form of social practice: the ritual interaction chain (Bargeman and 
Richards, 2020). 
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Interaction Ritual Chains  

There has been increasing attention in the tourism, leisure and events fields for the 
work of Randall Collins (2004), a sociologist who has been concerned with the analysis 
of ritual behaviour (Bargeman and Richards, 2020; Richards, 2014; Simons, 2019). 
Collins argues that much social behaviour is organised around 'Interaction Ritual 
Chains', which Collins sees as “a theory of individuals' motivation based on where 
they are located at any moment in time  .....in their market of possible social 
relationships” (p. xiv). Participation in Ritual Interaction Chains generates what Collins 
calls 'Emotional Energy', or ‘the master motive across all institutional arenas’. People 
are attracted to particular rituals or practices because of the Emotional Energy they 
can gain from them. Collins identifies a number of key features of such practices: 

1. Two or more people in co-presence: bodily assembled and, through 
neurological feedback loops, able to charge up a situation with excitement 
and significance. 

2. A boundary that demarcates insiders from outsiders, lending participants a 
privileged sense of inclusiveness  

3. All parties to the encounter have a common focus of attention 

4. Participants share “a common mood or emotional experience” 

When the interaction ritual is performed successfully, this produces a number of 
outcomes: 

1. Individuals feel solidarity with one another; they imagine themselves to be 
members of a common undertaking. 

2. They are infused with emotional energy, a feeling of exhilaration, 
achievement and enthusiasm which induces initiative. 

3. IR membership generates collective symbols that are defended and 
reinforced. 

4. Violations of these symbols provoke righteous indignation towards, and 
sanctions against, those guilty of transgression. 

 

These characteristics of IRCs closely match the requirements of a niche: there is a 
clear distinction between the niche and other markets, provided by the boundary to 
outsiders. There is a common interest or focus of attention that binds members of 
the niche together. Most importantly, Collins provides a common motivation for 
being part of a niche: the mechanism of Emotional Energy (EE). The production of EE 
through the ritual ensures that people will tend to stay within the ritual, or niche, 
because they seek to repeat a successful international ritual that has generated 
excitement and enthusiasm. In this way, participants in the niche construct a chain of 
ritual interactions, and repetition of niche-related activities. Rituals also involve the 
production of what MacIntyre (2007) terms internal goods, or rewards that can only 
be attained through subordination to, and immersion in, the practice itself. This idea 
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has close links with the Collins’ idea of EE, but MacIntyre also emphasises the fact that 
ritual behaviour generates external goods – the resources necessary to keep the 
ritual going. In this sense, rituals or niches not only need to support the internal 
focus, or interest that supports the practice, but they also need to generate the 
resources, including economic resources, that will sustain the ritual over the longer 
term. 

Although Collins emphasises the importance of physical co-presence in IRC, one can 
also imagine similar processes working in the virtual world as well. Simons (2019) has 
recently argued that interaction rituals can combine offline and online elements, with 
the physical co-presence of the ritual being extended through interaction via social 
media and other virtual means after the physical event. This mirrors observations 
about niche tourism markets such as Street Art Tourism, where hybrid experiences 
mixing physical artworks and festivals with digital media (Campos and Sequeira, 
2020).  

Seen as a process of interaction, niches not so much as a market to be supplied, but 
as a social space in which producers and consumers come together (increasingly as 
co-creators) to identify, develop, symbolize and profligate specific social practices. To 
illustrate how such processes work in tourism and leisure, I want to consider the 
example of the development of the backpacker tourism niche. 

The backpacking niche  

Backpacker tourism arguably emerged in the 1960s and 1970s as the antithesis of a 
market: counter cultural ‘drifters’ began to arrive in far flung corners of the world in 
search of peace, paradise (and often) drugs (Richards and Wilson, 2004). Their ‘free’ 
lifestyle of these ‘lead users’ eventually began to attract the attention of others 
wanting to emulate the lifestyle, even if just for a short while. This lead not just to an 
increase in demand, but to the creation of a backpacker ‘scene’, held together by 
specific rituals and patterns of behaviour (Welk, 2004: Noy, 2004).  What has given 
coherence to the niche is the feeling of community; people identifying with each 
other strongly enough to constitute a coherent group, and in turn distinguishing 
themselves from other groups. Backpacker ideology consists of a series of practices 
related to their travel (Pearce, 2007): 

 

• To travel on a low budget 

• To meet different people (especially other backpackers, but also locals) 

• To be (or to feel) free, independent and open-minded 

• To organise one’s journey individually and independently 

• To travel for as long as possible 
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Through these practices, backpackers learn how to be ‘anti-tourists’, and these are 
also strategies for defending the niche, for fighting assimilation with mainstream 
tourism. The niche is therefore defined by the practices of the backpackers 
themselves. 

Research by the World Youth Student Educational Travel Confederation (WYSE) 
indicates that backpacking has become even more of a niche as international travel 
has grown in recent decades.  The latest edition of the New Horizons survey of youth 
travel (WYSE Travel Confederation, 2018) indicates that 13% identified themselves as 
‘backpackers’, compared with 32% of youth travellers in 2002. Even though the 
market share of the backpacking niche has fallen dramatically, the total number of 
backpackers has fallen only slightly, from around 45 million in 2002 to 39 million in 
2017. So the backpacking niche has shown a certain level of resilience in the face of a 
dramatic expansion of other types of travel, such as the rise of ‘flashpackers’ and 
‘digital nomads’ in recent years (Richards, 2015).  

Arguably, one of the reasons for the long-term survival of the backpacker has been 
the way in which backpacking has become a ritual for many people. It is not just a 
form of travel, but a way of life, and an identity (Currie, Campbell‐Trant & Seaton, 
2011). The backpacker ritual is maintained through a number of strategies that serve 
to reinforce the Interaction Ritual Chain. As Zhang, Tucker, Morrison and Wu (2017) 
describe in their study of Chinese backpackers, the separation of the group from 
other travellers and everyday life is an important aspect of identity formation. This 
mirrors Collins’ description of the Interaction Ritual Chain as having barriers to 
outsiders. In the case of backpackers this is often in reference to other tourists, and 
particularly ‘mass tourists’. Zhang et al. Also underline the role of social interaction in 
maintaining the backpacker ritual, which is also facilitated through storytelling and 
narrative. In terms of their travel behaviour, the Chinese backpackers studied by 
Zhang et al. also emphasise ‘getting off the beaten track’, which further serves to 
separate the backpacker group and to increase social interaction within the group 
itself.  As Currie et al. (2011) comment: “the social interaction within the backpacker 
community preserves and develops the meaning of symbols.” 

The roles of separation and boundaries to outsiders in the practice of backpacking 
are most evident in the backpacker enclaves in different parts of the world, where the 
co-presence of large numbers of backpackers makes their maintenance of ritual 
boundaries all the more evident. A great deal of effort is expended to emphasise the 
fact that backpackers are different from normal 'tourists' (and even in some cases 
'travellers') (Richards and Wilson, 2004). There is a mutual focus of attention, whether 
it be directed to the Lonely Planet (the backpacker's 'bible') or the stories told by the 
backpackers themselves. Although the backpack itself is usually ignored in definitions 
of backpacking, it is clearly an important collective symbol that marks the backpacker 
niche. Among the practices that one might expect to be associated with the 
backpacker 'scene' are the trappings of poverty and an abandonment of symbols of 
western modernity (such as wearing a watch). Backpacking has also been closely 
linked to a 'rite of passage', which generates Emotional Energy through the 
achievement of 'communitas'.  Backpackers themselves patrol the borders of the 
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niche, keeping out the tourists as well as new undesirables such as the ‘flashpacker’ 
(Jarvis and Peel, 2010). 

The development of enclaves proceeds through an ‘enclave development cycle’ in 
which the backpackers constantly shift their location to avoid other tourists as the 
enclave expands and becomes more well-known and accessible. This causes a 
constant shifting of backpacker locations globally. The New Horizons research (WYSE 
Travel Confederation, 2018) shows that backpackers themselves still tend to favour 
South East Asia, with Lao, Cambodia and Vietnam all having high proportions of 
backpacker visitors. It is interesting that in 2017 Lao was the top destination, while 
India, the number one backpacker destination in 2012 is longer such a heavy 
backpacker destination.  Instead, a large proportion (48%) of visitors to India now see 
themselves as ‘travellers’, and in another long-time backpacker favourite, Thailand, 
44% of visitors style themselves as ‘tourists’. Backpackers also remain important for 
spearheading the development of emerging destinations, such as Iran, Bolivia and 
Myanmar. 

But it is not just the role of the consumer which is important: producers are also an 
integral part of the niche. A brief look at the backpacker market turns up countless 
examples of the co-creation of backpacking. The Lonely Planet Guides, once the 
essential accessory for any self-respecting backpacker, was produced by a former 
backpacker. The same applies to countless hostels, travel companies and information 
services. One of the key aspects of the backpacker experience which is mirrored by 
producers is the idea of backpacking as a communal, social experience. Hostels are 
designed to provide communal spaces in which this essential interaction can take 
place, and this is extended into cyberspace through backpacker chat rooms and 
forums. 

It is clear that these processes reflect many of the elements that we observe in niche 
markets to a greater or lesser extent. There is usually a solidarity within the niche 
which comes from shared experience and relationship to the experience. The 
tendency of individuals to build up skills in the experience means they can enhance 
their position as (co-)consumers and increase their store of emotional energy (similar 
to Csikszentmihalyi’s (2000) concept of ‘flow’). The maintenance of boundaries around 
the practice which mark off participants who follow the ritual correctly, such as the 
sharp divisions introduced between different categories of tourists by backpackers 
and ‘travellers’. 

We can see the emergence of ritual practices and their embodiment in specific 
networks. This is not so much the emergence of a market per se, but more the 
emergence of a social practice which can later become a market. A key question is: 
who identifies, maintains and utilizes the niche? This is a system of co-creation in 
which distinct practices provide the basis for interaction between consumers and 
producers. What gives many specialist companies a competitive edge is an 
understanding of these practices. Practices are in competition with one another to 
attract adherents, and therefore the study of how people are recruited into and are 
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persuaded to maintain and build practices can arguably help us understand far more 
about co-created tourism niches. 

Understanding how niche markets function is important for regional development, 
since many strategies rely on developing specialisations that can appeal to niche 
markets and thus reduce competition. In tourism this is evident from the many 
regions using niche tourism products as a development strategy. Backpacker tourism 
as a means of boosting the local tourism economy, because it is argued that 
backpackers are willing to travel to less popular areas in search of new experiences 
(Hampton, 1998). The tendency for backpackers to travel ‘off the beaten track’ allows 
them to draw a boundary between the backpacking practice and other styles of 
tourism, providing more coherence for the ritual (Richards and Wilson, 2004). 
Suppliers of backpacker services, such as hostel owners, also become involved in the 
backpacker niche, and try to ‘stay within the fence’ of the niche by adopting lifestyles 
and attitudes that match those of the backpackers (Ateljevic & Doorne, 2000). The 
development of backpacking communities incorporating producers and consumers 
has been shown to be particularly important in regional Australia, where agricultural 
economies have become dependent on backpackers as seasonal labour (Hanson & 
Bell, 2007).  

The development of similar niche communities can be seen in a range of different 
products, such as surf tourism (Hritz & Franzidis, 2018), gastronomic tourism 
(Balderas-Cejudo, Patterson, I. & Leeson, 2019) and religious heritage (Dinis & 
Krakover, 2016). Such niches have clearly identifiable elements of ritual and seem to 
conform to Collins’ (2004) general model of an interaction ritual. However, more 
research will be needed to confirm the extent to which the ritual processes in these 
niches are similar, or if different forms of interaction ritual can be identified. 
Understanding the mechanics of such rituals will enable companies and regions to 
make better informed decisions about future development options. 

Conclusions  

Traditional marketing-based approaches to niche markets have tended to focus on 
transactional views of the producers and consumers involved. Recent developments 
in marketing and social theory, however, have signalled the increasing importance of 
relationships in influencing the development of markets and the roles of producers 
and consumers. The use of interaction ritual theory provides an interesting additional 
dimension to this, with a potential explanatory mechanism for the coherence and 
persistence of the niche. Shared interests, or a focus of attention among participants 
in the niche helps to develop emotional energy and produces the internal goods 
necessary to sustain adherence to the practice. It also ensures that participants will 
move from one ritual to another, forming a chain of experiences that often remain in 
the initial niche. In the case of backpacker tourism, for example, this leads to a series 
of backpacking trips that generate emotional energy and the development of a travel 
career within the niche. Maintaining the ritual or niche on the part of both consumers 
and producers implies creating barriers to outsiders that mark off the niche as 
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different from other consumption opportunities. In the case of backpacking this is 
reflected in the strong ethos of what it means to be a ‘real’ backpacker. 

This new view of niches has important implications. Rather than viewing a niche as a 
simple slice of a market characterised by relative uniformity of demand, the niche can 
be seen as a social ritual that involves the co-creative actions of both consumers and 
producers. The fact that producers can also become part of the niche suggests that a 
community approach to the analysis of co-creation is fruitful (Boswijk, Thijssen and 
Peelen, 2005). Niches are produced and maintained by a community of consumers 
and producers with a shared focus of attention on a particular social practice, such as 
backpacking. Maintenance of the niche is therefore more complex than a simple 
exchange between producers and consumers, as it involves sustaining the 
community and its internal values through the mutual production of external goods. 
Members of the community therefore derive more than transactional satisfaction 
from their membership of the niche community. 

 

References 

Ateljevic, I., & Doorne, S. (2000) 'Staying within the fence': Lifestyle entrepreneurship 
in tourism. Journal of Sustainable Tourism, 8(5), 37-51. 

Balderas-Cejudo, A., Patterson, I., & Leeson, G. W. (2019) Senior Foodies: A developing 
niche market in gastronomic tourism. International Journal of Gastronomy and Food 
Science, 16, 100152.  

Bargeman, B., & Richards, G. (2020) A new approach to understanding tourism 
practices. Annals of Tourism Research, 84, 102988. 

Bellavance, G. (2009) Models of Omnivorous Cultural Consumption: New Directions in 
Research. Poetics 36, 189-216. 

Boswijk, A., Thijssen, T. and Peelen, E. (2005) A new perspective on the Experience 
Economy. Meaningful Experiences. The European Centre for the Experience Economy, 
The Netherlands.  

Bourdieu, P. (1984) Distinction: A social critique of the judgement of taste. Routledge: 
London. 

Campos, R., & Sequeira, A. (2020) Urban art touristification: the case of Lisbon. Tourist 
Studies, 20(2), 182-202. 

Castelfranchi, C., Falcone, R.  & Marzo, F. (2006) Being Trusted in a Social Network: 
Trust as Relational Capital. Trust Management. Lecture Notes in Computer Science, 
3986, 19-32. 

Castells, M. (2008) Communication Power. Oxford University Press: Oxford. 

Collins, C. (2004) Interaction Ritual Chains. Princeton University Press: Princeton. 



11
 

Croatian Regional Development Journal | Vol. 2 No. 1 | 2021 
 

Currie, R. R., Campbell‐Trant, T., & Seaton, S. (2011) Joining the in‐crowd: symbols for 
backpacker identity. International Journal of Culture, Tourism and Hospitality Research. 
5(1), 47-56. 

Csikszentmihalyi, M. (2000) The contribution of flow to positive psychology. In 
Gillham, J. E. (Ed.), Laws of life symposia series. The science of optimism and hope: 
Research essays in honor of Martin E. P. Seligman. West Conshohocken, PA: Templeton 
Foundation Press, pp. 387–395. 

Dalgic, T. & Leeuw, M. (1994) Niche Marketing Revisited: Concept, Applications and 
Some European Cases. European Journal of Marketing, 28(4), 39-55. 

Dinis, A., & Krakover, S. (2016) Niche tourism in small peripheral towns: The case of 
Jewish heritage in Belmonte, Portugal. Tourism Planning & Development, 13(3), 310-332.  

European Commission (2010) Communication from the Commission on 'Regional 
Policy contributing to smart growth in Europe 2020' (COM(2010) 553 final). Brussels: 
European Commission.  

Hampton, M. P. (1998) Backpacker tourism and economic development. Annals of 
tourism research, 25(3), 639-660. 

Hanson, J., & Bell, M. (2007) Harvest trails in Australia: Patterns of seasonal migration 
in the fruit and vegetable industry. Journal of Rural Studies, 23(1), 101-117.  

Hritz, N., & Franzidis, A. F. (2018) Exploring the economic significance of the surf 
tourism market by experience level. Journal of Destination marketing & management, 7, 
164-169.  

Jarvis, J. & Peel, V. (2010) Flashpacking in Fiji: Reframing the ‘Global Nomad’ in a 
Developing Destination. In Kevin Hannam and Anya Diekmann (eds) Beyond 
Backpacker Tourism. Channel View: Clevedon, pp. 21-39. 

MacIntyre, A. (2007) After Virtue: A Study in Moral Theory. London: Duckworth, 3rd 
edition.  

Lim, C. C., & Bendle, L. J. (2012) Arts tourism in Seoul: tourist-orientated performing 
arts as a sustainable niche market. Journal of Sustainable Tourism, 20(5), 667-682.  

Michael, E. J. (2003) Tourism micro-clusters. Tourism Economics, 9(2), 133-145.  

Newland, K., & Taylor, C. (2010) Heritage tourism and nostalgia trade: a diaspora niche in 
the development landscape. Washington, DC: Migration Policy Institute.  

Noy, C. (2004) THIS TRIP REALLY CHANGED ME: Backpackers’ Narratives of Self-
Change. Annals of Tourism Research 31, 78-102. 

Novelli, M. (2005) Niche Tourism: Contemporary issues, trends and cases. Oxford: 
Butterworth-Heinemann. 

Pearce, P.L. (2007) Sustainability research and backpacker studies: Intersections and 
mutual insights. In Hannam, K., & Ateljevic, I. (Eds.), Backpacker Tourism-Concepts and 
Profiles. Bristol: Channel View Publications, pp. 38-53. 



12
 

Croatian Regional Development Journal | Vol. 2 No. 1 | 2021 
 

Peters, M., Frehse, J. & Buhalis, D. (2009) The importance of lifestyle 
entrepreneurship: A conceptual study of the tourism industry. Pasos 7, 393-405.  

Richards, G. (2014). Imagineering events as interaction ritual chains. In Richards, G., 
Mein, K. and Marques, L. (Eds) Event Design: Social perspectives and practices, London: 
Routledge, pp. 30-40. 

Richards, G. (2015) The new global nomads: Youth travel in a globalizing world. 
Tourism Recreation Research, 40(3), 340-352. 

Richards, G., & Wilson, J. (Eds.) (2004). The Global Nomad: Backpacker travel in theory 
and practice. Channel View Publications. 

Sert, A. N. (2017) Niche marketing and tourism. Journal of Business Management and 
Economic Research, 1(1), 14-25.  

Simons, I. (2019) Events and online interaction: the construction of hybrid event 
communities. Leisure Studies, 38(2), 145-159. 

Tassiopoulos, D., & Haydam, N. (2008) Golf tourists in South Africa: A demand-side 
study of a niche market in sports tourism. Tourism Management, 29(5), 870-882.  

Walder, B., Weiermair, K. and Sancho Pérez, A. (2006) Innovation and product 
development in tourism: creating sustainable competitive advantage. Erich Schmidt 
Verlag: Berlin. 

Welk, P. (2004) The Beaten Track: Anti-Tourism as an Element of Backpacker Identity 
Construction. In Richards, G. and Wilson, J. (eds) The Global Nomad: Backpacker travel 
in theory and practice. Channel View: Clevedon. 

Zhang, J., Tucker, H., Morrison, A. M., & Wu, B. (2017) Becoming a backpacker in China: 
A grounded theory approach to identity construction of backpackers. Annals of 
Tourism Research, 64, 114-125. 

 

 

About the authors  
Greg Richards is Professor of Placemaking and Events at Breda University of Applied 
Sciences and Professor of Leisure Studies at Tilburg University in the Netherlands. His 
research interests include the relationship between tourism, creativity and 
development, and the use of events as a development tool. He has also undertaken 
extensive research on backpacking and youth travel practices. 

 

 



13

 

 
 

Croatian Regional Development Journal | Vol. 2 No. 1 | 2021 
 

Vrsta rada: znanstveni rad 

Usvajanje tehnologija velikih podataka u pametnim 
gradovima Europske Unije: Analiza važnosti i 
performansi tehnoloških čimbenika 

Jasmina Pivar 

Sveučilište u Zagrebu Ekonomski fakultet 

Sažetak  
Gradovi Europske Unije na svom razvoju prema pametnom gradu usvajaju 
tehnologije velikih podataka. S obzirom na to da su tehnologije velikih podataka 
složene i disruptivne tehnologije, potrebno je utvrditi važnost čimbenika i njihovih 
aspekata za usvajanje tehnologija velikih podataka u gradovima. Cilj rada je 
identificirati najvažnije aspekte tehnoloških čimbenika usvajanja tehnologija velikih 
podataka u gradovima Europske Unije. Kako bi se ostvario cilj rada provedeno je 
istraživanje na uzorku gradova Europske Unije, a na prikupljenim podacima 
provedena je analiza mape važnosti i performansi čimbenika usvajanja tehnologija 
velikih podataka. Rezultati istraživanja pokazuju da su aspekti apsorpcijskog 
kapaciteta i tehnološke spremnosti gradova EU relativno visoke važnosti, no uz niske 
razine performansi u odnosu na čimbenike organizacije i okoline. Doprinos rada 
sastoji se od općih smjernica za povećanje razine tehnološke spremnosti i 
apsorpcijskog kapaciteta gradova kako bi se povećala uspješnost usvajanja 
tehnologija velikih podataka u gradovima Europske Unije. 
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Uvod 

U pametnim gradovima značajno mjesto zauzima informacijska i komunikacijska 
tehnologija. Informacijski i procesni pogled na gradove pametne gradove opisuje kao 
„sofisticirane sustave u kojima se u realnom vremenu obrađuje velika količina 
podataka te integrira u procese, sustave, organizacije i vrijednosne lance s ciljem 
optimizacije operacija i informiranja nadležnih o problemima“ (Neirotti, 2014). 
Usvajanje tehnologija treba polaziti od potreba građana, ostalih dionika i javnih 
problema koje je potrebno riješiti pa tako tehnologije neće biti korištene na jednak 
način u svim gradovima. Stoga se u svrhu ovog rada pametnim gradom smatra onaj 
koji ''nastoji riješiti javne probleme pomoću rješenja temeljenih na informacijskim i 
komunikacijskim tehnologijama uz zajedničku podršku više dionika i lokalne vlasti'' 
(Odbor Europskog parlamenta za industriju, istraživanje i energetiku, 2014). Dakle, 
odabir i primjena informacijske i komunikacijske tehnologije u određenom gradu ovisi 
o njegovim potrebama i okruženju.  

Tehnologije velikih podataka splet su informacijskih i komunikacijskih tehnologija za 
stvaranje, usvajanje, pohranu, obradu i analizu velikih količina podataka. Mogu se 
smatrati inovativnim informacijskim i komunikacijskim tehnologijama s obzirom na to 
da su u mnogim gradovima u procesu usvajanja ili su u potpunosti nove i razmatra se 
njihovo usvajanje. Poduzeća u zemljama Europske Unije u velikoj mjeri su počela 
koristiti velike podatke za potrebe pametnog poslovanja (Pejić Bach et al., 2020). Veliki 
podaci često su dio inicijativa digitalne transformacije poslovanja (Tomičić Furjan, 
Tomičić-Pupek i Pihir, 2020). U velikim se podacima pronalaze znanja i informacije 
koje služe pri donošenju odluka, a pritom je moguće koristiti različite metode i 
tehnike analize podataka poput rudarenja teksta (Pejić Bach et al., 2019) i različitih 
novih metoda za predviđanje (Pejić Bach, Pivar i Krstić, 2019) . Tehnologije velikih 
podataka u gradovima se koriste za poboljšanje različitih područja grada (Hashem, 
2016; Bettencourt, 2013). One omogućavaju primjenu različitih pametnih rješenja na 
različitim područjima infrastrukture grada. Kako bi se postigli željeni učinci usvajanja 
informacijskih i komunikacijskih tehnologija u gradu, menadžment grada i dionici 
trebaju zajedno aktivno upravljati te sudjelovati u razvoju pametnog grada (Bolívar, 
2015). Međutim, usvajanje složenih tehnologija kao što su tehnologije velikih 
podataka predstavlja izazov za gradove zbog čega je važno znati koji su čimbenici 
važni za njihovo usvajanje u gradu te koje su trenutne performanse važnih čimbenika.  

Cilj rada je odgovoriti na pitanje koji su to aspekti tehnoloških čimbenika važni za 
usvajanje tehnologija velikih podataka u gradovima Europske Unije. Kako bi se 
ostvario cilj rada, prikupljeni su podaci anketnim istraživanjem na uzorku gradova 
Europske Unije. Na prikupljenim podacima, prvo je provedena procjena glavnog 
modela istraživanja korištenjem metode modeliranja strukturnih jednadžbi 
parcijalnih najmanjih kvadrata (engl. Partial Least Squares Structural Equation 
Modelling – PLS-SEM). Nakon procjene PLS-SEM provedena je analiza mapa važnosti i 
performansi (engl. Importance-Performance Map Analysis – IPMA) kako bi se 
usporedile važnosti i performanse neovisnih tehnoloških čimbenika te njihovih 
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aspekata za usvajanje tehnologija velikih podataka u gardovima Europske Unije. Rad 
je nastavak istraživanja provedenog u svrhu doktorske disertacije u kojem se 
procjenjuje model usvajanja tehnologija velikih podataka u gradovima Europske Unije 
(Pivar, 2020a). S obzirom na to da se IPMA temelji na rezultatima procjene modela, 
ovaj rad sadrži sažetak ključnih rezultate procjene modela iz navedene doktorske 
disertacije. Istraživanje je nadopuna postojećih istraživanja o čimbenicima 
organizacije i okoline usvajanja tehnologija velikih podataka u gradovima EU (Pivar i 
Vlahović, 2020; Pivar, 2020b). Doprinos rada ogleda se u objašnjenju važnosti i 
performansi tehnoloških čimbenika usvajanja tehnologija velikih podataka u 
gradovima Europske Unije, budući da su dosadašnja istraživanja promatrala 
čimbenike usvajanja velikih podataka ili analitike velikih podataka na razini 
organizacije (Cegielski, Jia i Hall, 2018; Lai, Sun i Ren, 2018; Chen, Preston i Swink, 
2015).  

Rad nakon Uvoda sadrži Pregled literature i razvoj hipoteza u kojem je opisan model 
na koji se oslanja ovaj rad te su objašnjeni tehnološki čimbenici. Nakon toga su u 
poglavlju Metodologija opisani istraživački instrument, podaci te metoda analize 
važnosti i performansi. Poglavlje Rezultati sadrži rezultate mjerne i strukturne 
procjene glavnog modela, a potom rezultate analize važnosti i performansi. Na kraju 
slijede Diskusija i Zaključak. 

Pregled literature i razvoj hipoteza 
Postojeća tehnološka infrastrukture značajno utječe na difuziju tehnologije u 
organizaciji (Tornatzky, Fleischer i Chakrabarti, 1990). Tehnološku infrastrukturu 
organizacije čini postojeći računalni hardver, softver i mrežne tehnologije organizacije 
potrebne za implementaciju novih informacijskih i komunikacijskih tehnologija 
(Bhattacherjee i Hikmet, 2008). Čimbenikom tehnološke spremnosti mogu se uz 
tehnološku infrastrukturu obuhvatiti i IT ljudski resursi (Zhu, Kraemer i Xu, 2006) te 
tehnološke kompetencije kao dio organizacijskog kapaciteta za inovacije temeljene na 
informacijskim tehnologijama (Sambamurthy, Bharadwaj i Grover, 2003). Organizacije 
će vjerojatnije usvojiti inovativne informacijske i komunikacijske tehnologije ako imaju 
razvijene aspekte tehnološke spremnost (Wang i Lo, 2016; Dedrick et al., 2015). 

Organizacijska spremnost utječe na odluku o usvajanju inovacije (Tsai i Tang, 2012). 
Pojam organizacijske spremnosti objedinjuje percepciju menadžmenta o stupnju 
svjesnosti o novim informacijskim i komunikacijskim tehnologijama, posjedovanja 
resursa i upravljačkih sposobnosti te predanosti organizacije koji su potrebni za 
usvajanje inovativnih informacijskih i komunikacijskih tehnologija (Tan, Tyler i Manica, 
2007). Organizacijska spremnost uz tehnološku spremnost obuhvaća i financijsku 
spremnost koju čine financijski resursi potrebni za investiranje u nove tehnologije 
(Rouhani et al., 2018).  

U svrhu istraživanja tehnološka spremnost opisana je kroz tehnološku infrastrukturu, 
tehnološku ekspertizu i financijske resurse te je postavljena hipoteza H1a:  
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H1a: Tehnološka spremnost statistički značajno pozitivno utječe na usvajanje tehnologija 
velikih podataka u gradovima. 

Apsorpcijski kapacitet prvotno je korišten kako bi se opisala društvena sposobnost 
zemalja u razvoju, no na razini organizacije, apsorpcijski kapacitet opisuje sposobnost 
usvajanja novog znanja koja ovisi o apsorpcijskom kapacitetu članova organizacije 
(Cohen i Levinthal, 1990). 

Usvajanje tehnologije velikih podataka kao rizične disruptivne inovacije zahtijeva 
apsorpcijski kapacitet grada za raspoznavanje potencijalne vrijednosti uvođenja 
tehnologija velikih podataka u infrastrukturu grada. Apsorpcijski kapacitet grada je 
određen iskustvima grada stečenim prijašnjim usvajanjem različitih informacijskih i 
komunikacijskih tehnologija. Iako je apsorpcijski kapacitet korišten u različitim 
kontekstima i na različitim razinama analize postoji tek nekoliko istraživanja u kojima 
su neki od aspekata apsorpcijskog kapaciteta korišteni u modelima usvajanja 
informacijskih i komunikacijskih tehnologija, na primjer u Rouhani et al. (2018) te 
Weia, Lowry i Seedorf (2015). Apsorpcijski kapacitet je za potrebe glavnog istraživanja 
sveden na razinu grada i podrazumijeva sposobnost grada da prepozna vrijednost 
novih, vanjskih znanja, asimilira ih i koristi u različite svrhe. Hipoteza koja 
pretpostavlja direktan pozitivan utjecaj apsorpcijskog kapaciteta na usvajanje 
tehnologija velikih podataka u gradovima glasi: 

H1b: Apsorpcijski kapacitet statistički značajno pozitivno utječe na usvajanje tehnologija 
velikih podataka u gradovima. 

Prema teoriji difuzije inovacija, kompatibilnost je stupanj u kojem je inovacija 
percipirana konzistentnom sa postojećim vrijednostima, prošlim iskustvima i 
potrebom potencijalnih usvajača (Rogers, 2003). Organizacije koje percipiraju 
tehnologiju kompatibilnijom sa postojećim vjerovanjima i radnim praksama, imaju 
veće predispozicije za uspješno usvajanje novih tehnologija.  

Kompatibilnost je korištena u modelima usvajanja različitih tehnologija u različitim 
djelatnostima, no istraživanja su pokazala da je ona značajan čimbenik u ponekim 
primjerima usvajanja računalstva u oblacima (Gutierrez, Boukrami i Lumsden, 2015; 
Abdollahzadehgan et al., 2013) i RFID tehnologija (Wang, Wang i Jang, 2010). U svrhu 
ovog istraživanja kompatibilnost velikih podataka definirana je kao stupanj u kojem 
se tehnologije velikih podataka percipiraju konzistentnima sa postojećom 
infrastrukturom, praksama i potrebama grada. Hipoteza glavnog modela istraživanja 
vezana za utjecaj kompatibilnosti na usvajanje tehnologija velikih podataka u 
gradovima glasi: 

H1c: Kompatibilnost statistički značajno pozitivno utječe na usvajanje tehnologija velikih 
podataka u gradovima
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Metodologija 

U ovom poglavlju objašnjena je metodologija korištena za provedbu glavnog 
istraživanja, a potom metoda analize važnosti i performansi korištena da bi se ispunio 
cilj rada. 

Model usvajanja tehnologija velikih podataka u gradovima Europske Unije 

Ovo istraživanje temelji se na analizi rezultata procjene šireg istraživačkog modela 
usvajanja tehnologija velikih podataka u gradovima Europske Unije. Model je 
temeljen na okviru Tehnologija-Organizacija-Okolina (engl. The Technology–
Organization-Environment Framework - TOE). Okvir TOE razvili su Tornatzky, Fleischer 
i Chakrabarti (1990) s ciljem objašnjenja procesa usvajanja inovacije u poslovanju 
organizacija. Prema TOE okviru na usvajanje određene inovativne informacijske i 
komunikacijske tehnologije utječe specifičan splet čimbenika tehnologije, organizacije 
i okoline.  

TOE okvir primjenjuje se za objašnjenje usvajanja brojnih inovativnih informacijskih i 
komunikacijskih tehnologija stoga je TOE okvir bio temelj za konceptualizaciju modela 
usvajanja tehnologija velikih podataka u gradovima Europske Unije. Za potrebe 
istraživanja, ovisni čimbenik istraživačkog modela naziva se Usvajanje tehnologija 
velikih podataka u gradovima (UT) i opisan je kao proces prihvaćanja, integracije i 
korištenja tehnologija velikih podataka u gradovima. Fokus ovog istraživanja su 
neovisni čimbenici tehnološkog konteksta Apsorpcijski kapacitet (AK), Tehnološka 
spremnost (TS) i Kompatibilnost (KM). U glavnom istraživanju postavljene su hipoteze 
o direktnom pozitivnom utjecaju tehnoloških čimbenika na usvajanje tehnologija 
velikih podataka u gradovima Europske Unije. Pretpostavljeno je da tehnološka 
spremnost pozitivno utječe na usvajanje tehnologija velikih podataka u gradovima 
(H1a), kao i apsorpcijski kapacitet (H1b) te kompatibilnost (H1c). 

Dodatni neovisni čimbenici šireg istraživačkog modela su organizacijski čimbenici 
Postojanje strategije pametnog grada (PMG) i Podrška menadžmenta grada (PMG) te 
Podrška dionika (PD) kao čimbenik okoline. Iako čimbenici organizacije i okoline nisu 
u fokusu, potrebno ih je uključiti u rezultate procjene glavnog modela te ih koristiti za 
usporedbu sa tehnološkim čimbenicima. 

Istraživački instrument 

Prikupljanje podataka za procjenu glavnog istraživačkog modela provedeno je 
pomoću strukturiranog anketnog upitnika. Čestice korištene u upitniku su stvorene ili 
prilagođene temeljem postojeće literature. Svaki čimbenik mjeren je korištenjem 
četiri čestice Likertovom skalom na intervalu od jedan do sedam.  
 
Upitnik je podijeljen na 4 dijela. U prvom dijelu mjerene su čestice tehnoloških 
čimbenika. Čestice za mjerenje tehnološke spremnosti (TS) samostalno su definirane, 
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dok su čestice za mjerenje apsorpcijskog kapaciteta preuzete i prilagođene prema 
Flatten et al. (2011), a čestice za mjerenje kompatibilnosti su prilagođene prema 
Gangwar, Date i Ramaswamy (2013) te Chong i Chan (2012). U drugom dijelu mjereni 
su organizacijski čimbenici. Čestice za mjerenje podrške menadžmenta grada 
preuzete su i prilagođene prema Oliveira, Manoj i Espadanal (2014) i ITU-T Focus 
Group on Smart Sustainable Cities (2015), dok su čestice za mjerenje postojanja 
strategije pametnog grada razvijene prema pregledu karakteristika strategije 
pametnog grada (Angelidou, 2014). U trećem dijelu upitnika mjerena je podrška 
dionika kao čimbenik okoline za što su razvijene čestice prema pregledu dionika 
pametnog grada (ITU-T Focus Group on Smart Sustainable Cities, 2015). U prvom 
dijelu mjeren je ovisni čimbenik usvajanje tehnologija velikih podataka u gradovima 
Europske Unije za koji su čestice samostalno definirane. Detalji istraživačkog 
instrumenta prikazani su u Tablici 1. 
 
Tablica 1 
Istraživački instrument 

Čimbenici Čestice Tvrdnja 

Neovisni čimbenici Kod Molimo vas da označite do koje mjere se slažete/ne slažete sa sljedećim 
tvrdnjama. (1 = u potpunosti se ne slažem, 7 = u potpunosti se slažem) 

Te
hn

ol
og

ija
 

Tehnološka 
spremnost (TS) 

TS1 Grad zapošljava ljudske potencijale s analitičkim vještinama. 
TS2 Grad zapošljava ljudske potencijale s informatičkim vještinama i vještinama 

korištenja programskih jezika, tehnologija i programa vezanih uz velike podatke. 
TS3 Grad posjeduje fizičku IKT infrastrukturu koja se može nadograditi trenutnim 

tehnologijama velikih podataka i povezanim tehnologijama. 
TS4 

 
Menadžment grada je svjestan troškova i koristi od investicija u tehnologije te 
raspolaže financijskim sredstvima za nadogradnju grada tehnologijama. 

Apsorpcijski 
kapacitet (AK) 

AK1 Zaposlenici grada motivirani su za korištenje dostupnih izvora podataka vezanih 
uz usluge koje grad trenutno pruža.  

AK2 
 

Odjeli grada svjesni su važnosti međusobne pomoći pri rješavanju problema te 
među njima postoji brz protok informacija. 

AK3 Zaposlenici grada apsorbiraju nova znanja, povezuju postojeća znanja sa 
novim spoznajama, koriste ih u praktičnom radu i čine raspoloživim za korištenje 
u budućnosti. 

AK4 U gradu postoji svijest o novim tehnologijama te ih se redovito razmatra i usvaja 
kako bi gradske usluge bile učinkovitije. 

Kompatibilnost 
(KM) 

KM1 Tehnologije VP kompatibilne su sa postojećom tehnološkom infrastrukturom 
grada i mogu se nesmetano uklopiti u postojeću teh. infrastrukturu grada. 

KM2 Promjene koje donosi razvoj tehnologija VP konzistentne su sa postojećim 
praksama i iskustvima grada sa implementacijom sličnih tehnologija. 

KM3 Promjene i koristi koje donosi implementacija tehnologija VP konzistentne su sa 
potrebama grada. 

KM4 Tehnologije VP kompatibilne su sa postojećom infrastrukturom, praksama i 
potrebama grada. 

O
rg

an
iza

ci
ja

 

Podrška 
menadžmenta 
grada (PMG) 

PMG1 Menadžment grada pruža snažno vodstvo i posvećen je procesima usvajanja 
tehnologija u gradu. 

PMG2 … promiče tehnološke inicijative, određuje korake implementacije i odabire 
specifična tehnološka rješenja koje će se implementirati. 

PMG3 … spreman je prihvatiti financijske i organizacijske rizike vezane uz usvajanje 
tehnologija. 

PMG4 … uključuje građane u napore vezane uz tehnološke inovacije i prema njima 
komunicira o koristima tehnologije. 

Postojanje 
strategije 

pametnog 
grada (SPG) 

SPG1 Temeljem izazova vezanih uz gradsku infrastrukturu i potreba grada 
menadžment grada aktivno razvija strategije s ciljem poboljšanja učinkovitosti 
upravljanja gradskim resursima. 

SPG2 Strategija grada usmjerena je na učinkovitost i tehnološki napredak ''tvrde''  
infrastrukture grada. 

SPG3 … usmjerena je na učinkovitost i tehnološki napredak ''meke'' infrastrukture 
grada. 
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SPG4 Strategija grada usklađena je sa ciljevima i strategijom zemlje i/ili Europske Unije 
vezane uz tehnološki razvoj gradova. 

O
ko

lin
a 

Podrška dionika 

PD1  Postoje dionici koji omogućuju tehnologiju i tehnološka rješenja vezane uz 
usvajanje tehnologija u gradu. 

PD2 
 

Postoje dionici koji su zainteresirani za pokretanje inicijativa usvajanja 
tehnologija u gradu. 

PD3 
 

Građani i građanske organizacije podržavaju ili sudjeluju u inicijativama 
usvajanja tehnologija u gradu. 

PD4 
 

Postoje institucionalizirani dionici koji osiguravaju sredstva, pomoć i okvire za 
usvajanje tehnologija u gradovima. 

Ovisni čimbenici   

Usvajanje 
tehnologija velikih 

podataka u 
gradovima (UT) 

UT1 Grad prikuplja velike količine strukturiranih, polustrukturiranih i nestrukturiranih 
podataka iz različitih izvora. 

UT2 Grad je usvojio infrastrukturu i platforme potrebne za otkrivanje znanja iz VP. 
UT3 Grad je usvojio tehnologije VP s ciljem poboljšanja ''tvrde“ infrastrukture grada. 
UT4 Grad je usvojio tehnologije VP s ciljem poboljšanja ''meke'' infrastrukture grada. 

Izvor: Flatten et al. (2011); Gangwar et al. (2013);  Chong i Chan (2012); Oliveira, Manoj i 
Espadanal (2014); ITU-T Focus Group on Smart Sustainable Cities (2015); Angelidou (2015) i 
prilagođeno prema Pivar (2020a) 

Podaci 

S ciljem prikupljanja podataka koji su bili temelj procjene modela istraživanja 
provedeno je anketno istraživanje u razdoblju od lipnja 2017. godine do ožujka 2018. 
godine. 

Ciljana populacija istraživanja su gradovi zemalja članica Europske Unije (EU28). 
Istraživanje je obuhvatilo gradove s 40 tisuća i više stanovnika. Ciljanu populaciju 
činilo je ukupno 1481 gradova. Ciljani ispitanici istraživanja bili su članovi višeg 
menadžmenta u gradu, uključujući gradonačelnike, menadžere informatičkih odjela 
grada, glavne informacijske direktore i voditelje inicijativa pametnih gradova. Svakom 
gradu priključen je jedan ispitanik. Upitnik je uspješno poslan na 1100 gradova. 
Ukupno je zaprimljeno 110 djelomično ili u potpunosti ispunjenih upitnika, a u svrhu 
daljnje analize korišten je uzorak podataka prikupljenih od 67 gradova Europske 
Unije. 

Analiza mapa važnosti i performansi 

U svrhu procjene glavnog modela istraživanja korištena je metoda modeliranja 
strukturnih jednadžbi parcijalnih najmanjih kvadrata (engl. Partial Least Squares 
Structural Equation Modelling – PLS-SEM) uz podršku SmartPLS3 softvera. SEM - PLS 
je korišten u nizu istraživanja gdje se provelo ispitivanje modela usvajanja različitih 
tehnologija temeljenih na TOE okviru. Procjena glavnog modela provedena je prema 
koracima procjene PLS-SEM modela predloženima u Hair et al. (2017).  

Nakon procjene PLS-SEM modela moguće je provesti analizu mapa važnosti i 
performansi (engl. Importance-Performance Map Analysis – IPMA). Metoda IPMA 
uspoređuje važnost i performanse neovisnih čimbenika te njihovih pokazatelja u 
predviđanju ciljanog ovisnog čimbenika. Provedba procjene glavnog modela nužan je 
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preduvjet za provedbu IPMA-e zato što se u njoj koriste rezultati procjene mjernog i 
strukturnog modela istraživanja. 

Važnosti čimbenika u PLS-SEM modelima predstavljene su vrijednostima ukupnih 
efekata koju čine direktni i indirektni efekti na ciljani čimbenik te se kreću u rasponu 
od – 1 do +1. Što je vrijednost važnosti bliže jedan veća je i važnost čimbenika. 
Ukoliko čimbenik ima samo direktan utjecaj na ciljani čimbenik, kao u ovom radu, 
tada su važnosti neovisnih čimbenika jednake njihovim direktnim efektima. Drugim 
riječima, važnosti čimbenika u tom su slučaju jednake path koeficijentima. 

Vrijednosti performansi čimbenika i pokazatelja izračunavaju se temeljem vrijednosti 
njihovih čestica. Izračun započinje izračunom skaliranih vrijednosti svih čestica za 
svaku od opservacija. Skaliranje opservacije j prema čestici j izračunava se kao: 

Jednadžba 1  

Skaliranje opservacije j prema čestici i 

𝑥𝑥𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖 =
𝐸𝐸[𝑥𝑥𝑖𝑖𝑖𝑖] − min [𝑥𝑥𝑖𝑖]

max[𝑥𝑥𝑖𝑖] − min [𝑥𝑥𝑖𝑖]
× 100 

Izvor: prema Hair et al. (2018, str. 110) 

gdje je 𝑥𝑥𝑖𝑖  i-ta čestica u PLS modelu, 𝐸𝐸[𝑥𝑥𝑖𝑖𝑖𝑖] je stvarna vrijednost koju je za i-tu česticu 
dodijelio ispitanik j, a min[] i max[] su minimalna i maksimalna vrijednost koju može 
poprimiti neka čestica (Hair et al., 2018, str. 110) . Na primjer, ako su čestice mjerene 
Likertovom skalom na rasponu od 1 do 7 tada je minimalna vrijednost 1, a 
maksimalna 7. Vrijednost koju skalirana vrijednost može poprimiti je u rasponu od 0 
do 100. 

Prema Hair et al. (2018) izračunate skalirane vrijednosti čestica po opservacijama 
koriste se za izračun skaliranih vrijednosti čimbenika koje predstavljaju performanse 
čimbenika, ali i za izračun performansi čestica. Izračun performansi čestica računa se 
kao sredina izračunatih skaliranih vrijednosti čestica za sve opservacije, a skalirane 
vrijednosti čimbenika računaju se kao linearna kombinacija skaliranih vrijednosti 
čestica i skaliranih vanjskih težina čestica. Što su izračunate vrijednosti više to su veće 
performanse čimbenika, odnosno čestica. 

Nadalje, vrijednosti važnosti čestica određenog čimbenika računaju se množenjem 
skaliranih vrijednosti vanjskih težina čestica sa ukupnim učinkom kojeg taj čimbenik 
ima na ciljani čimbenik. 

Cilj IPMA-e je identificirati čimbenike koji imaju relativno visoku važnost u predviđanju 
ciljnog čimbenika, a istovremeno imaju i relativno niske performanse, što znači da u 
njima postoji mogućnost za poboljšanje. Istraživač može temeljem tumačenja mape 
važnosti i performansi dati konkretne preporuke za poboljšanje pojedinih aspekata 
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čimbenika koji mogu povećati performanse ciljnih čimbenika. Slijedom toga, ako se 
pokaže da pojedini tehnološki čimbenici imaju visoku važnost za usvajanje tehnologija 
velikih podataka u gradovima, ali su na niskim relativnim razinama performansi 
moguće je provesti dublju analizu njihovih aspekata koje je potrebno poboljšati. 

  

U svrhu ovog istraživanja IPMA je korištena na dvije razine: i) razini čimbenika - za 
identificiranje jesu li tehnološki čimbenici važni za usvajanje tehnologija velikih 
podataka u gradovima Europske Unije i kakve performanse imaju te ii) razina čestica – 
za identificiranje koji aspekti tehnoloških čimbenika imaju relativno visoku važnost, a 
niže performanse, odnosno imaju potencijala za poboljšanje kroz različite aktivnosti 
te tako pozitivno utjecati na uspješnost usvajanja tehnologija velikih podataka u 
gradovima Europske Unije. 

Procedura IPMA-e provedena je prema koracima predloženima u Ringle i Stardsted 
(2016) i Hair et al. (2018). IPMA je korištena u dosadašnjim istraživanjima za 
identificiranje aspekata čimbenika važnih za usvajanje različitih tehnologija i 
koncepata, poput računalstva u oblaku (Khayer et al., 2020), mobilnog učenja (Al-
Emran i Mezhuyev, 2020), elektroničkog poslovanja (Nathan et al. 2019.; Magal, 
Kosalgei Levenburg, 2009), bolničkog informacijskog sustava (Markazi-Maghaddam, 
Kazemi i Alimoradnori, 2019) i kriptovaluta (Sohaib et al., 2020). 

Rezultati 

Rezultati procjene modela usvajanja tehnologija velikih podataka u gradovima Europske Unije 

Rezultati mjerne i strukturne procjene modela usvajanja tehnologija velikih podataka 
u gradovima Europske Unije dio su objavljene doktorske disertacije (Pivar, 2020a). Za 
potrebe ovog rada rezultati procjene modela su sažeti. 

Rezultati procjene mjere reflektivnih čimbenika prije i nakon rješavanja problema 
mjernog modela prikazani su u Tablici 2. Temeljem pokazatelja Cronbach Alfa za 
procjenu pouzdanosti unutarnje konzistentnosti čimbenika zaključuje se kako je 
pouzdanost i valjanost svih čimbenika zadovoljavajuća. Naime, vrijednosti pokazatelja 
Cronbach Alfa nalaze se unutar dozvoljenih granica za sve reflektivno mjerene 
čimbenike, a vrijednost pokazatelja prosječno objašnjene varijance za sve njih je veća 
od 0,500. Prema Fornell - Larcker kriteriju u modelu ne postoji problem 
diskriminantne valjanosti s obzirom na to da je vrijednost kvadratnog korijena AVE 
svakog čimbenika veća od njegove najveće korelacije sa bilo kojim drugim 
čimbenikom.  

Čestica TS3 ima vanjsko opterećenje manje od 0,700 stoga je donesena je odluka o 
njegovu izbacivanju iz čimbenika TS. Čestica TS3 govori o slaganju ispitanika da grad 
posjeduje fizičku IKT infrastrukturu koja se može nadograditi tehnologijama velikih 
podataka. Međutim, taj je aspekt već obuhvaćen u određenoj mjeri u čimbeniku 
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modela koji opisuje kompatibilnost tehnološke infrastrukture grada stoga ga je 
moguće isključiti iz modela. 

 
Tablica 2 

Rezultati procjene mjernog modela reflektivnih čimbenika 

Čimbenik Čestice 
Cronbach 

Alfa 

Prosječno 
objašnjena 
varijanca- 

AVE 

Vanjska 
opterećenja 

Fornell-
Larcker 

>0,600 >0,500 >0,700  

TS 

TS1 
0,813/ 
0,810* 

0,877/ 
0,726** 

0,866/0,884*** 

da TS2 0,883/0,879*** 
TS3 0,674/ izbačen 
TS4 0,766/0,790*** 

KM 

KM1 

0,887 0,747 

0,824 

da KM2 0,910 
KM3 0,776 
KM4 0,937 

PMG 

PMG1 

0,913 0,794 

0,882 

da PMG2 0,938 
PMG3 0,880 
PMG4 0,863 

SPG 

SPG1 

0,908 0,784 

0,879 

da SPG2 0,887 
SPG3 0,890 
SPG4 0,885 

PD 

PD1 

0,801 0,625 

0,763 

da PD2 0,746 
PD3 0,848 
PD4 0,800 

*vrijednost Cronbach Alfa nakon rješavanja problema mjernog modela 
** vrijednost AVE nakon rješavanja problema mjernog modela 
***vrijednost vanjskih opterećenja nakon rješavanja problema mjernog modela 
 
Izvor: prema Pivar (2020a), uz pomoć softvera SmartPLS3 i Office 2019 
 

Rezultati procjene formativnih čimbenika prije i nakon rješavanja problema mjernog 
modela prikazani su u Tablici 3.  

Vanjske težine čestica čimbenika Apsorpcijski kapacitet – AK1 i AK2 nisu značajne, ali 
su apsolutno važne s obzirom na to da im je vanjsko opterećenje veće od minimalno 
potrebne vrijednosti od 0,500. Vanjska težina čestice UT1 čimbenika Usvajanje 
tehnologija velikih podataka u gradovima nije ni apsolutno ni relativno važna za 
procjenu usvajanja tehnologije velikih podataka u gradovima. Drugim riječima, 
prikupljanje velikih količina podataka ne mora nužno značiti da grad usvaja 
tehnologije velikih podataka. Iz tog razloga, donesena je odluka o njenom izbacivanju 
iz čimbenika UT.  

Prema vrijednosti varijance inflacijskog faktora - VIF za formativne čimbenike ne 
postoji problem kolinearnosti. 

√𝐴𝐴𝐴𝐴𝐴𝐴 > 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 
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Tablica 3 

Rezultati procjene mjernog modela formativnih čimbenika 

Čimbe-
nik 

Česti-
ca 

Vanjska 
težina p-vrij. 

Vanjsko 
opterećenje 

>0,500 

Važnost 
čestice 

VIF  
<5,000 

AK 

AK1 0,019/ 
0,005i 

0,918/ 
0,979ii 

0,761/ 
0,754iii apsolutna 2,706 

AK2 -0,028/ 
-0,026i 

0,923/ 
0,927ii 

0,798/ 
0,797 iii apsolutna 3,050 

AK3 0,637/ 
0,644i 

0,017/ 
0,015ii 

0,932/ 
0,931 iii 

apsolutna i 
relativna 3,168 

AK4 0,477/ 
0,482i 

0,011 
/0,007ii 

0,868/ 
0,869 iii 

apsolutna i 
relativna 2,256 

UT 

UT1 -0,020/    
n/ai 

0,833/ 
n/aii 

0,443/ 
n/a iii izbačen 1,311 /   

n/aiv 

UT2 0,540/ 
0,517i 

0,000/ 
0,000ii 

0,942/ 
0,939 iii 

apsolutna i 
relativna 

2,815 / 
2,518iv 

UT3 0,258/ 
0,269i 

0,043/ 
0,034ii 

0,895/ 
0,899 iii 

apsolutna i 
relativna 

3,440 / 
3,431iv 

UT4 0,299/ 
0,302i 

0,016/ 
0,016ii 

0,900/ 
0,902 iii 

apsolutna i 
relativna 

3,364 / 
3,357iv 

i vanjska težina nakon rješavanja problema mjernog modela 
ii p-vrijednost nakon rješavanja problema mjernog modela 
iii vanjsko opterećenje nakon rješavanja problema mjernog modela 
iv VIF nakon rješavanja problema mjernog modela 

Izvor: prema Pivar (2020a), uz pomoć softvera SmartPLS3 i Office 2019 
 

U tablici 4 prikazani su rezultati procjene strukturnog modela. Uz razinu pouzdanosti 
10% dokazano je da tehnološki čimbenici apsorpcijski kapacitet (AKUT, path 
koeficijent 0,216, p-vrijednost 0,069) i tehnološka spremnost (TSUT, path koeficijent 
0,191, p-vrijednost 0,052) pozitivno utječu na usvajanje tehnologije velikih podataka u 
gradovima. 

Prema vrijednostima koeficijenta determinacije i prilagođenog koeficijenta 
determinacije predloženi čimbenici usvajanja tehnologija velikih podataka u 
gradovima objašnjavaju zadovoljavajuću količinu varijance usvajanja tehnologija 
velikih podataka u gradovima.  
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Tablica 4 

Rezultati procjene strukturnog modela 

Utjecaj Path koeficijent p.-vrij. 
AKUT 0,216 0,069*** 
TSUT 0,191 0,052*** 
KMUT -0,131 0,132 
PDUT 0,271 0,000* 
PMGUT 0,184 0,085*** 
SPGUT 0,279 0,012** 

R2 0,791  
Prilagođeni R2 0,770  

 
*statistički signifikantno uz 1% 
**statistički signifikantno uz 5% 
***statistički signifikantno uz 10% 
Izvor: prema Pivar (2020a), uz pomoć softvera SmartPLS3 i Office 2019 

Rezultati analize važnosti i performansi 

Preduvjet za analizu važnosti i performansi tehnološki čimbenika jest dokazivanje 
hipoteza modela usvajanja tehnologija velikih podataka u gradovima Europske Unije. 
Hipoteze H1a i H1b su podržane, odnosno pokazalo se da apsorpcijski kapacitet i 
tehnološka spremnost pozitivno utječu na usvajanje tehnologije velikih podataka u 
gradovima. Kompatibilnost nema značajan utjecaj na usvajanje tehnologije velikih 
podataka u gradovima stoga je ispuštena iz daljnje interpretacije rezultata analize. 

Analiza važnost i performansi na razini čimbenika 

U nastavku su prikazani rezultati IPMA-e. Sve vrijednosti izračunate su uz podršku 
specijaliziranog softvera SmartPLS3. U Tablici 7 nalaze se vrijednosti važnosti i 
performansi čimbenika za koje se pokazalo da značajno utječu na ciljani čimbenik UT. 
Prosjek važnosti i performansi izračunat je kako bi se na mapu važnosti i performansi 
mogla ucrtati linije za podjelu mape na 4 segmenta. 

Tablica 5 

Vrijednosti važnosti i performansi čimbenika usvajanja tehnologija velikih podataka u 
gradovima Europske Unije (N=67)  
 

Čimbenik Važnost Performanse 
AK 0,216 64,034 
TS 0,191 61,833 
KM -0,131 57,672 
PMG 0,184 65,733 
SPG 0,278 72,201 
PD 0,271 63,468 
Prosjek 0,168 64,157 

 
 Izvor: autorica, uz pomoć softvera SmartPLS3 i Office 2019 
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Mapa važnosti i performansi čimbenika (Slika 1) prikazuje vrijednosti ukupnih efekata, 
odnosno važnosti čimbenika koji ukazuju da najvišu važnost za performanse 
usvajanja tehnologija velikih podatka u gradovima ima postojanje strategije 
pametnog grada. Mape sugeriraju da podrška dionika ima najviše potencijala za 
poboljšanjem i utjecajem na usvajanja tehnologija velikih podataka. Naime, podrška 
dionika ima relativno niske performanse, ali vrlo visoki ukupni učinak na usvajanje 
tehnologija velikih podataka u gradovima Europske Unije. Kada govorimo o 
tehnološkim čimbenicima, gradovi mogu razmišljati o tome kako poboljšati 
apsorpcijski kapacitet grada i tehnološke spremnosti s ciljem podrške usvajanju 
tehnologija velikih podataka u gradovima. Pritom je vidljivo da su oba čimbenika 
relativno niskih performansi, dok je važnost apsorpcijskog kapaciteta relativno veća 
od tehnološke spremnosti. Jačanjem oba čimbenika povećala bi se uspješnost, 
odnosno performanse usvajanja tehnologija velikih podataka u gradovima Europske 
Unije. 

Slika 1 

Mapa važnosti i performansi čimbenika usvajanja tehnologija velikih podataka u 
gradovima Europske Unije 

  
Izvor: autorica, uz pomoć softvera SmartPLS3 i Office 2019 

Analiza važnost i performansi na razini čestica 

Tablica 8 prikazuje vrijednosti važnosti i performansi čestica svih čimbenika. U 
nastavku će se za potrebe interpretacije rezultata IPMA-e čestice nazivati aspektima 
čimbenika. Izračunat je i prosjek važnosti i performansi kako bi se na mapu važnosti i 
performansi mogla ucrtati linije za podjelu mape na 4 segmenta. 

 

 

AK PD 

PMG 

SPG 

TS 

60,00

62,00

64,00

66,00

68,00

70,00

72,00

74,00

0,00 0,05 0,10 0,15 0,20 0,25 0,30

Pe
rfo

rm
an

sa
 

Važnost 



26

  
 
 

 
 
 

Croatian Regional Development Journal | Vol. 2 No. 1 | 2021 
 

 

Tablica 6 

Vrijednosti važnosti i performansi aspekata čimbenika usvajanja tehnologija velikih 
podataka u gradovima Europske Unije (N=67) 

Aspekt Važnost  Performanse 
AK1 0,001 66,915 
AK2 -0,006 66,169 
AK3 0,139 61,194 
AK4 0,104 67,910 
TS1 0,079 55,970 
TS2 0,073 61,443 
TS4 0,072 67,164 
KM1 -0,033 55,970 
KM2 -0,041 54,975 
KM3 -0,027 64,677 
KM4 -0,048 57,214 
PMG1 0,050 72,886 
PMG2 0,052 68,657 
PMG3 0,054 58,955 
PMG4 0,051 61,940 
SPG1 0,075 74,876 
SPG2 0,075 72,139 
SPG3 0,082 71,891 
SPG4 0,082 70,149 
PD1 0,100 66,418 
PD2 0,069 65,174 
PD3 0,097 60,199 
PD4 0,077 61,940 
Prosjek 0,044 64,794 

Izvor: autorica, uz pomoć softvera SmartPLS3 i Office 2019 

Mapa važnosti i performansi čestica (Slika 2) sugerira da najviše potencijala za 
poboljšanjem usvajanja tehnologija velikih podatka u pametnim gradovima od 
tehnoloških čimbenika imaju aspekti AK3, TS1 i TS2.  

Od tehnoloških čimbenika, najveći potencijal za poboljšanjem ima aspekt apsorpcije 
znanja od strane zaposlenika (AK3). Navedeno znači da usvajanje tehnologija velikih 
podataka u gradovima Europske Unije može biti uspješnije ako zaposlenici grada 
povećaju apsorpciju novih znanja, povežu postojeća znanja sa novim spoznajama, 
koriste takva znanja u praktičnom radu i čine ih raspoloživim za korištenje u 
budućnosti. Grad može pozitivno utjecati na usvajanje tehnologija velikih podataka u 
gradu kroz jačanje aspekta TS1 koji opisuje analitičke vještine zaposlenika. To bi 
značilo da gradovi trebaju težiti zapošljavanju ljudskih potencijala koje posjeduju 
analitičke vještine, uključujući vještine rudarenja podataka i znanje o metodologiji 
obrade podataka, integraciji podataka te upravljanju podacima. Također, grad bi 
trebao zaposliti osobe koje posjeduju  informatičke vještine i vještine korištenja 
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programskih jezika, tehnologija i programa poput Excela, SAS-a, SPSS-a, programskog 
jezika R, Java, alata za vizualizaciju, SQL baze podatka, noSQL baze podataka i Hadoop 
rješenja, koje su sastavni dio tehnologija velikih podataka (aspekt TS2). 

Slika 2 

Mapa važnosti i performansi aspekata čimbenika usvajanja tehnologija velikih 
podataka u gradovima Europske Unije 

 
Izvor: autorica, uz pomoć softvera SmartPLS3 i Office 2019 

Diskusija 

Nalazi istraživanja pokazali su da su tehnološka spremnost grada i apsorpcijski 
kapacitet grada važni za usvajanje tehnologija velikih podataka u gradovima. 
Postojeća istraživanja u skladu su sa tim nalazima. Organizacije koje imaju razvijene 
aspekte tehnološke spremnosti uspješnije usvajaju različite informacijske i 
komunikacijske tehnologije važne za razvoj pametnih gradova, na primjer sustave 
poslovne inteligencije i upravljanja znanjem (Bhatiasevi i Naglis, 2020; Lautenbach, 
Johnston i Adeniran Ogundipe, 2017), računalstva u oblaku (Hassan et al., 2017, 
Hossain, Standing i Chan, 2017) te Interneta stvari (Ching-Wen i Ching-Chiang, 2017). 
Također, apsorpcijski kapacitet pozitivno utječe na usvajanje informacijskih i 
komunikacijskih tehnologija kao što je RFID tehnologija koja je važna za pametne 
gradove (Weia, Lowry i Seedorf, 2015). Utjecaj kompatibilnosti na usvajanje 
tehnologija velikih podataka nije dokazan. Navedeno je u skladu s ponekim 
istraživanjima u kojima se ona promatrala u kontekstu nekih drugih tehnologija poput 
RFID tehnologije (Thiesse et al., 2011) i računalstva u oblaku (Gutierrez, Boukrami i 
Lumsden, 2015). 
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Važan dio tehnološke spremnosti grada je svjesnost menadžment grada o troškovima 
i koristima od investicija u tehnologije te raspoloživim financijskim resursima. Grad je 
tehnološki spreman ukoliko je ispunjen i financijski aspekt raspolaganja financijskim 
resursima za nadogradnju grada informacijskim i komunikacijskim tehnologijama. Ovi 
su aspekti tehnološke spremnosti grada prema analizi važnosti i performansi 
relativno važni, ali i na relativno visokim performansama. 

Apsorpcijski kapacitet prosječnog grada Europske Unije je na niskoj razini. Odjeli 
grada često nisu svjesni važnosti međusobne komunikacije pri rješavanju problema 
vezanih uz usluge i infrastrukturu grada te važnosti brzog međusobnog protoka 
informacija. Zaposlenici grada teško apsorbiraju nova znanja vezana uz nove 
tehnologije i slabo ih povezuju sa postojećim znanjima. Samim time ih u manjoj mjeri 
koriste u praktičnom radu. Ipak, u gradu postoji svijest o postojanju novih tehnologija 
te se razmatra njihovo uvođenje za potrebe povećanja učinkovitosti usluga grada. 
Preporuka je da u gradu razmisle kako motivirati zaposlenike i poboljšati apsorpcijski 
kapacitet grada s ciljem podrške usvajanju tehnologija velikih podataka u gradovima.  

Menadžment grada mogao bi podržati jačanje apsorpcijskog kapaciteta svog grada 
kroz povećanje razine tehnološke spremnosti grada. Naime, prosječan grad Europske 
Unije grad u manjoj mjeri ima zaposlenike s analitičkim i informatičkim vještinama 
koje uključuje vještine upravljanja podacima. Zapošljavanjem ljudskih potencijala koje 
posjeduju vještine upravljanja podacima povećao bi se i apsorpcijski kapacitet grada 
za usvajanjem naprednih informacijskih i komunikacijskih tehnologija kao što je 
tehnologija velikih podataka. 

Prema pristupu Sustava upravljanja kvalitetom moguće je stvoriti okvir programa 
razvoja pametnog grada. Primjer okvira programa za razvoj pametnih gradova 
predstavljen je i objašnjen u Borsboom-van Beurden, Kallaos, Gindroz, Costa i Riegler 
(2016). Prema navedenom okviru razvoj pametnog grada prolazi kroz faze definiranja 
vizije, osiguranja političke predanosti svih dionika, planiranja provedbe aktivnosti, 
ostvarenja planova, praćenja i procjene uspješnosti provedbe planova, djelovanja na 
rezultate procjene te naposljetku na repliciranje i ponovnu primjenu dobrih praksi. 
Tehnološki čimbenici se stoga mogu povezati s fazama okvira programa za razvoj 
pametnih gradova, odnosno rezultate analize je moguće približiti menadžmentu 
grada i ostalima gradovima pomoću poznatog koncepta kontinuiranog poboljšanja i 
sustava upravljanja kvalitetom. 

Opća je preporuka da gradovi ovisno o tome u kojoj su fazi razvoja pametnog grada 
obrate posebnu pozornost na pojedine faze okvira programa razvoja pametnog 
grada.  

Gradovi koji tek kreću prema razvoju pametnog grada trebaju za početak posebnu 
pozornost posvetiti fazama stvaranja vizije, političke predanosti i planiranja.  
Navedene su faze važne za postizanje više razine zrelosti pametnog grada s obzirom 
da osiguravaju preduvjete i povoljne razine čimbenika za usvajanje naprednih 
informacijskih i komunikacijskih tehnologija kao što su tehnologije velikih podataka. 
Dakle, gradovi koji su tek na začetku razvoja pametnog grada moraju osigurati 
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povoljne uvjete za provođenje pametnih inicijativa, pa tako i usvajanje inovativnih 
informacijskih i komunikacijskih tehnologija. Među njima je i postizanje 
zadovoljavajuća razine tehnoloških preduvjeta, odnosno tehnološke spremnosti i 
apsorpcijskog kapaciteta grada. 

Pametni gradovi koji nisu usvojili tehnologiju velikih podataka mogu se temeljem 
praćenja i procjena stanja infrastrukture usmjeriti planiranju projekata usvajanja 
tehnologija velikih podataka. Pretpostavka je da su oni za potrebe postojećih 
projekata osigurali određenu razinu tehnoloških čimbenika. Međutim, važno je 
posebno ojačati apsorpcijski kapacitet i tehnološku spremnost grada kako bi se 
mogle usvojiti tehnologije velikih podataka. 

Gradovi usvajači tehnologija velikih podataka u pravilu imaju visoku razinu 
apsorpcijskog kapaciteta i tehnološke spremnosti. Oni trebaju pratiti i procijeniti 
utjecaj usvajanja tehnologija velikih podataka na gradove i prema potrebi prilagoditi 
planove. Gradovi koji su uspješno proveli projekte usvajanja tehnologija velikih 
podataka u gradovima mogu diseminirati svoje znanje i pružiti dobar primjer ostalim 
gradovima. Za njih su moguća fina podešavanja aspekata tehnološke spremnosti i 
apsorpcijskog kapaciteta za buduća potencijalna usvajanje različitih inovativnih 
informacijskih komunikacijskih tehnologija povezanih sa tehnologijama velikih 
podataka. 

Dakle, preporuka gradovima je da na početku svog razvoja prema pametnom gradu 
procjenjuju i osiguraju nužne aspekte tehnološke spremnosti i apsorpcijskog 
kapaciteta. Tehnološku spremnost i apsorpcijski kapacitet potrebno je kroz kasnije 
faze kontinuirano poboljšavati kako bi se postigla viša razina zrelosti pametnog grada. 
Na taj će način grad ostvariti preduvjete i osigurati uspješnost usvajanja tehnologija 
velikih podataka. 

Zaključak 
U ovom istraživanju identificirani su važni tehnološki čimbenici i njihovi aspekti za 
usvajanje tehnologija velikih podataka u gradovima Europske Unije. Kako bi se mogla 
analizirati važnost i performansa pojedinog čimbenika za usvajanje tehnologija velikih 
podataka u gradovima Europske Unije bilo je potrebno provesti procjenu glavnog 
istraživačkog modela usvajanja tehnologija velikih podataka u gradovima Europske 
Unije. Rezultati procjene istraživačkog modela temelj su analize provedene u svrhu 
ovog rada. Model je procijenjen temeljem podataka prikupljenih anketnim upitnikom 
na uzorku gradova Europske Unije. Rezultati istraživanja pokazuju da apsorpcijski 
kapacitet i tehnološka spremnost gradova utječu na usvajanje tehnologija velikih 
podataka u gradovima, no njihove postojeće performanse za prosječan europski grad 
su niskih performansi. U radu su dane opće smjernice za povećanje razine tehnološke 
spremnosti i apsorpcijskog kapaciteta gradova s ciljem povećanja uspješnosti 
usvajanja tehnologija velikih podataka u gradovima Europske Unije. Na taj je način 
ispunjen cilj istraživanja. 
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Znanstveni doprinos ovog rada ogleda se u primjeni metode PLS-SEM i IPMA-e za 
objašnjenje usvajanja tehnologija velikih podatka u gradovima Europske Unije. 
Praktični doprinos ogleda se u općim preporukama gradovima vezano za značajne 
tehnološke čimbenike. 

Ograničenje ovog istraživanja je općenitost preporuka za gradove koji nisu na istim 
razinama zrelosti pametnog grada. Kako bi se prevladalo ovo ograničenje potrebno je 
uvesti kategorije gradova prema zrelosti pametnog grada te potom za svaku 
kategoriju grada dati preporuke kojim čimbenicima i aspektima čimbenika je 
potrebno posvetiti pozornost te pokrenuti aktivnosti kako bi se povećala uspješnost 
usvajanja tehnologija u gradovima. U budućim istraživanjima potrebno je objediniti 
nalaze analize važnosti i performansi sa nalazima vezanim uz čimbenike organizacije i 
okoline. 
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Abstract  

Modified concretes and fiber concretes for rigid pavements have been investigated. 
Four-factor experiment was conducted. The amount of Portland cement, 
polypropylene fiber, metakaolin and polycarboxylate superplasticizer varied in the 
experiment. All mixtures had the same mobility S2. 

The active mineral additive metakaolin increases the compressive strength of 
concrete and its tensile strength in bending. The amount of metakaolin at the level of 
15..20 kg/m3 is rational. Due to a decrease in W/C with an increase in the amount of 
superplasticizer Coral ExpertSuid-5 to 0.9..1%, the compressive strength of concrete 
increases by 5..7 MPa, the tensile strength in bending increases by 0.5..0.6 MPa. Due 
to the introduction of polypropylene fiber, the tensile strength of concrete in bending 
increases by 0.6..0.9 MPa, the frost resistance of concrete increases by 50 cycles. Due 
to the use of a rational amount of superplasticizer and metakaolin, the frost 
resistance of concretes and fiber concretes concrete increases by 50-100 cycles. The 
use of a rational amount of modifiers and fiber reduces the abrasion of concretes by 
40..45%. 

The developed modified fiber concretes of rigid pavements, depending on the 
amount of Portland cement, have compressive strength from 55 MPa to 70 MPa, 
tensile strength in bending from 8 MPa to 9.5 MPa, frost resistance from F350 to 
F450, abrasion from 0.30 to 0.40 g/cm2. Such strength, frost resistance and abrasion 
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resistance allows the use of fiber concretes in pavements with the greatest load and 
ensures high durability of the material and corresponds to the directions and tasks of 
the state scientific and technical program "National Transport Strategy of Ukraine for 
the period up to 2030" 
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Introduction 

Cement concrete pavements are the most effective for increasing the bearing 
capacity, performance and durability of highways. These characteristics of the 
material are important due to the increase in traffic intensity, the level of dynamic 
loads and axle loads of heavy vehicles. In modern conditions, axle loads often exceed 
115 kN. Cement-concrete pavements better distribute pressure to the substrate than 
asphalt-concrete pavements, since their modulus of elasticity is greater than that of 
asphalt-concrete. Cement concrete pavement is resistant to the formation of 
seclusion and waves. These properties reduce vehicle fuel consumption and help to 
protect the environment from pollution. The quality of work of rigid pavements is less 
dependent on the effect of high temperatures in the hot season (Vozny, 2017). 

The durability of rigid pavements is determined not only by their strength, but also by 
frost resistance and abrasion of concrete. It is possible to obtain an economical 
material simultaneously with high durability and strength of concrete for rigid 
pavements only with the use of effective modifiers (Chen at al., 2018). In the modern 
construction industry, polycarboxylate superplasticizers are most widely used as 
modifiers (Neville, 2000). The molecular structure of polycarboxylates makes it 
possible to accelerate the hydration of cement, and the rapid adsorption of molecules 
on cement particles and the dispersion effect provide an increase in the surface of 
the hydration reactions (Liu at al., 2019). 

For concrete of rigid pavements, an effective method of increasing durability is the 
use of active mineral additives of the pozzolanic type (Gupta et al., 2008; Kroviakov et 
al., 2019), including metakaolin (Busari et al., 2019; Salimi et al., 2020). Metakaolin 
affects the process of structure formation of the cement matrix in concrete, reduces 
the permeability and shrinkage of concrete, and also increases its frost resistance and 
corrosion resistance (Gupta et al., 2008; Busari et al., 2019; Salimi et al., 2020). 
However, metakaolin has a high dispersion and has a positive effect on the durability 
and shrinkage of concrete only at a low W/C mixture, that is, when using a mineral 
additive together with a superplasticizer (Salimi et al., 2020). 
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Also, an effective method of increasing the strength, crack resistance and abrasion 
resistance of concrete for rigid pavements is the use of fiber (Gupta et al., 2008; Shen 
et al., 2012). Improvement of concrete properties when using fiber is explained by its 
ability to perceive tensile stresses and reduce shrinkage and swelling deformations 
(Choi et al., 2011). 

Thus, there is an actual task of developing fiber concrete modified with 
polycarboxylate superplasticizer and metakaolin for rigid pavements. Such concretes 
are able to provide the necessary strength and durability of the pavements.  

Methodology 
Investigation of properties of concrete for rigid pavements were conducted for the 
optimal 4-factorial (Jeff Wu et al., 2009). Such composition factors varied (Mishutin et 
al., 2020): 

- Х1, amount of Portland cement (CEM II/A-S 42.5), from 400 to 500 kg/m3; 

- Х2, the amount of polypropylene fiber (length 12 mm, diameter 20 μm), from 0 to 2 
kg/m3;     

- Х3, the amount of metakaolin (firing product of enriched kaolin clays), from 0 to 30 
kg/m3; 

- Х4, the amount of polycarboxylate superplasticizer Coral ExpertSuid-5, from 0.6 to 
1% by weight of cement. 

Crushed stone of fraction 5-10 mm and quartz sand with a modulus of 2.7 were used 
as aggregates for fiber concretes. 

The mobility of mixtures of all studied concretes and fiber concretes was equal (S2). 
This mobility provides the convenience of paving a mixture for rigid pavements. 
Respectively, W/C of mixture depended on the concretes composition. 

The compositions of the investigated concrete and fiber-reinforced concrete of road 
surfaces are shown in Table 1. 

Table 1  

Compositions of the investigated concretes and fiber concretes of pavements (kg/m3) 

№ cement 
сrushed  

stone sand metakaolin fiber 
Super 

plasticizer water 

1 450 1115 655 15 1 3,6 183 
2 400 1130 668 30 0 2,4 191 
3 400 1135 692 0 2 4 193 
4 500 1105 635 0 0 5 168 
5 500 1100 603 30 2 5 181 
6 500 1105 621 0 2 3 192 
7 450 1115 617 30 2 2,7 206 
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8 450 1115 684 0 0 2,7 161 
9 450 1115 651 30 0 4,5 164 
10 500 1105 574 30 1 3 203 
11 400 1130 691 0 1 2,4 192 
12 400 1130 672 30 1 4 182 
13 500 1105 601 15 0 3 199 
14 400 1130 676 15 2 2,4 199 
15 400 1135 702 15 0 4 158 
16 500 1105 590 30 0 4 183 
17 400 1130 662 30 2 3,2 189 
18 400 1135 710 0 0 3,2 163 

Properties of concrete were analyzed by experimental-statistical models. 

Results  
The W/C mixture varied depending on the composition of the concrete. Compressive 
strength, tensile strength in bending, frost resistance and abrasion were determined 
for all concretes (Table 2).    

Table 2  

W/C of mixture, compressive strength, tensile strength in bending, frost resistance 
and abrasion of the studied concretes and fiber concretes 

№ W/C compressive 
strength (MPa) 

tensile strength 
in bending (MPa) 

frost 
resistance 

abrasion 
(g/sm2) 

1 0,406 59,4 8,32 400 0,35 
2 0,471 49,3 6,97 250 0,53 
3 0,474 45,2 7,21 300 0,41 
4 0,336 66,1 8,72 350 0,47 
5 0,361 65,0 9,22 450 0,29 
6 0,384 54,4 8,73 400 0,36 
7 0,455 51,1 8,49 300 0,36 
8 0,358 54,8 7,91 300 0,50 
9 0,364 65,4 8,22 350 0,45 
10 0,406 55,5 8,47 400 0,39 
11 0,478 41,8 7,35 250 0,45 
12 0,455 49,1 7,46 300 0,41 
13 0,398 56,6 8,07 350 0,46 
14 0,484 46,3 7,78 300 0,44 
15 0,396 60,9 7,61 300 0,49 
16 0,366 65,2 8,24 400 0,43 
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17 0,469 51,1 7,62 300 0,42 
18 0,408 49,4 7,07 250 0,48 

Discussion 
It was found that with an increase in the amount of Portland cement W/C is projected 
to decrease. The use of polypropylene fiber necessitates an increase in W/C to 
maintain the mobility of the mixture. When using metakaolin due to its additional 
water consumption, W/C mixture also increases. Increasing the amount of 
superplasticizer in the concrete composition from 0.6% to 0.9-1% significantly 
reduces the W/C of the mixture. 

Also it was found that the amount of polypropylene fiber has a negligible effect on 
the compressive strength of the studied concretes and fiber concretes. Accordingly, 
Fig. 1 shows a diagram constructed on base of experimental-statistical model, which 
reflects the effect of the amount of Portland cement, metakaolin and superplasticizer 
on the compressive strength of fiber concretes. 

The analysis of the diagram in Fig. 1 shows that when increasing amount of cement in 
the composition, the strength of concrete and fiber concrete is expected to increase. 
Metakaolin as an active mineral additive increases the strength of concrete. Rational 
for the strength of concrete is the amount of metakaolin from 15 to 20 kg/m3. When 
increasing the amount of superplasticizer to 0.9..1%, the strength of concrete and 
fiber concrete increases by 5..7 MPa. The positive effect of the additive is more 
noticeable for concretes with metakaolin. Concretes and fiber concretes with a 
rational amount of modifiers depending on the amount of Portland cement in the 
composition have a compressive strength from 55 MPa to 70MPa, which corresponds 
to classes C35/40-C40/50.  

For rigid pavements, important quality indicators are not only their compressive strength, 
but also tensile strength in bending. This is due to the multidirectional loads that the 
pavement receives during operation. 

 

Figure 1  

The effect of the amount of Portland cement, metakaolin and superplasticizer on the 
compressive strength of fiber concretes 
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Source: Author’s illustration  

The analysis shows that the tensile strength in bending of concrete and fiber concrete 
is significantly affected by the amount of Portland cement and the amount of 
polypropylene fiber. Due to the use of fiber tensile strength increases by 0.6..0.9 MPa. 
Thus, disperse reinforcement is an effective method of increasing the stability of 
cement concrete pavements under tensile loads. The tensile strength in bending of 
fiber concretes increases by 0.6..0.7 MPa due to the use of a rational amount of 
modifiers. Overall, modified fiber concrete, depending on the amount of cement in 
their composition has tensile strength in bending from 8 to 9.5 MPa. Such strength 
provides high bearing capacity of concretes in rigid pavements of highways. 

Frost resistance is an important condition for ensuring the durability of riding 
pavements. Concretes of pavements in the course of operation are exposed to 
repeated influences of freezing and thawing . The number of cycles of freezing and 
thawing of coatings can be much greater than the number of air temperature 
transitions through 0° C. Experimental-statistical model, which describes the effect of 
variable compositional factors (x1-x4) on frost resistance of the studied concretes and 
fiber concretes, has the form: 

F (cycles) = 393 + 60x1 ± 0x1
2   + 8x1x2  ± 0x1x3   ± 0x1x4             

                            + 23x2  – 14x2
2              – 10x2x3 ± 0x2x4 

                            + 7x3   – 29x3
2                              + 7x3x4    

                                                                                             + 19x4 – 23x4
2         (1) 

According to the model (2) diagrams such as "squares on squares" were built  and 
shown in Fig.2. When building the diagram, the square in the x3-x4 coordinates (the 
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amount of metakaolin and the superplasticizer Coral ExpertSuid-5) was chosen as the 
bearing square. In the field of the bearing square 9 constructed squares reflect the 
effect of the amount of Portland cement and polypropylene fiber on the frost 
resistance of concrete and fiber concrete with the appropriate amount of modifiers. 

The analysis of the diagram shows that the frost resistance of the studied concretes 
and fiber concretes is significantly affected by the amount of Portland cement and 
the amount of polypropylene fiber. Concretes with a Portland cement amount of 
500 kg/m3 have a frost resistance approximately 100 cycles higher than concretes 
with a binder amount of 400 kg/m3. Frost resistance of concretes of rigid pavements 
increases by 50 cycles and more with use of fiber in the amount of 1,5-2 kg/m3. Due 
to the use of a rational amount of modifiers (0.8-1% of superplasticizer and 15-20 
kg/m3 of metakaolin) frost resistance of concretes and fiber concretes increases by 
50-100 cycles depending on the level of other compositional factors. In general, the 
developed modified fiber concretes of hard pavements depending on the amount of 
Portland cement in the composition have frost resistance from F350 to F450, which 
ensures their sufficient durability. 

As noted above, the abrasion (abrasion resistance) of concrete is an important 
characteristic that largely determines the durability of road rigid pavements. 
Experimental-statistical model, which describes the effect of variable compositional 
factors on abrasion of concretes and fiber concretes, has the form: 

G (g/sm2) = 0,350 – 0,036x1 ± 0,020x1
2  –  0,016x1x2  – 0,008x1x3   ± 0x1x4             

                               – 0,056x2  + 0,030x2
2                         ± 0x2x3         ± 0x2x4 

                               – 0,006x3  + 0,012x3
2                                              ± 0x3x4    

                               – 0,018x4                                                              +  0,022x4
2 (2) 

The analysis of the model has shown that the amount of fiber and Portland cement 
most significantly affects the abrasion of the investigated concretes of rigid 
pavements, and the amount of metakaolin does not significantly affect. Accordingly, 
Fig. 3 shows a diagram constructed on base of experimental-statistical model (2), 
which reflects the effect of the amount of Portland cement, fiber and superplasticizer 
on the abrasion of concretes and fiber concretes. 

Analysis of the diagram (Figure 3) shows that dispersed fiber reinforcement 
significantly reduces the abrasion of concrete of rigid pavements, that is, increases 
their abrasion resistance. Due to the using of polypropylene fiber in the amount of 
1.5..2 kg/m3, the abrasion of concrete is reduced by 0.11..0.16 g/cm2 (22..35%). With 
an increase in the amount of cement from 400 to 500 kg/m3, the abrasion of concrete 
and fiber-reinforced concrete decreases by 0.07-0.10 g/cm2. This is due to an increase 
in the strength of concrete with an increase in the amount of Portland cement. By 
increasing the amount of superplasticizer, the W/C of the mixture decreases, 
respectively, the strength of concrete increases and abrasion decreases. The 
combined use of fiber and a rational amount of superplasticizer reduces the abrasion 
of concrete by 40-45%. 
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Figure 2  

The effect of the amount of Portland cement, fiber, metakaolin and superplasticizer 
on the frost resistance of concretes and fiber concretes 

 
Source: Author’s illustration  
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Figure 3  

The effect of the amount of Portland cement, fiber and superplasticizer on the 
abrasion of concretes and fiber concretes 

 
Source: Author’s illustration  

Conclusion  
Cement-concrete coatings are the most effective for increasing the bearing capacity, 
characteristics and durability of highways. These characteristics of the material are 
important in connection with the increase in traffic intensity, the level of dynamic 
loads and axle loads of heavy vehicles. In modern conditions, axial loads often exceed 
115 kN. Cement-concrete pavements better distribute pressure to the base than 
asphalt concrete pavements, since their modulus of elasticity are higher than that of 
asphalt concrete. The durability of rigid coatings are determined not only by their 
strength, but also by the frost resistance and abrasion of concrete. It is possible to 
obtain an economical material simultaneously with high strength of concrete for rigid 
pavements only with the use of effective modifiers. Modified concretes and fiber-
reinforced concretes for rigid pavements have been investigated. A four-factor 
experiment was carried out. The amount of Portland cement, polypropylene fiber, 
metakaolin and polycarboxylate superplasticizer was varied in the experiment. All 
mixtures had the same S2 mobility. The mobility of the mixtures of all investigated 
concretes and fiber-reinforced concretes was the same (S2). This mobility makes it 
easy to laying mix for rigid pavements. Accordingly, the W/C of mixture depended on 
the composition of the concrete. For rigid pavements, important quality indicators are 
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not only their compressive strength, but also their flexural tensile strength. This is 
due to the multidirectional loads that the road pavements experiences during 
operation. Frost resistance is an important condition for ensuring the durability of 
road pavements. Pavement concrete during operation is exposed to repeated effects 
of freezing and thawing. The number of freeze and thaw cycles for coatings can be 
much greater than the number of times the air temperature goes through 0 °C. The 
frost resistance of the concretes and fiber-reinforced concrete under study are 
significantly influenced by the amount of Portland cement and the amount of 
polypropylene fiber. Abrasion (abrasion resistance) of concrete is an important 
characteristic that largely determines the durability of rigid road pavements. Thus, a 
rational amount of modifiers for concretes of rigid pavements was identified: 
polycarboxylate superplasticizer 0.9-1% and metakaolin 15-20 kg/m3. Due to the 
dispersed reinforcement with polypropylene fiber, the use of a rational amount of 
metakaolin and polycarboxylate superplasticizer Coral ExpertSuid-5 were obtained: 
fiber concrete rigid pavements with compressive strength up to 70MPa, tensile 
strength in bending up to 9.5 MPa, frost resistance up to F450 and abrasion less than 
0.35 g/sm2. High strength, frost resistance and abrasion resistance of modified fiber 
concretes allow their use in pavements with the highest load and ensure the 
durability of the material. Further research will analyze and develop modified fiber-
reinforced concrete, as well as carry out industrial tests in Ukraine and Moldova. 
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Abstract  

This article is devoted to the study of the mechanical properties of fine-grained 
concrete used for flooring in industrial and civil buildings. Characterized by the well-
known advantages (unlimited raw material base, manufacturability, high 
homogeneity), fine-grained concrete requires an increased consumption of cement to 
achieve the necessary mechanical characteristics - compressive strength, abrasion, 
impact resistance. An alternative to the known technological method is proposed an 
intensive separate technology (IST) for preparing fine-grained concrete mixtures 
using a high-speed mixer-activator in the presence of hydrophobized basalt fiber and 
a polycarboxylate superplasticizer Relaxol-Super PC. The use of IST leads to an 
increase in the strength of fine-grained concrete in compression by 1.9 times, impact 
resistance by a factor of 2, and a decrease in abrasion by 40 ... 50% in comparison 
with the control. The relevance of using the technology of monolithic floors for 
industrial and civil construction is due to a wide range of varieties of Portland cement, 
the grain composition of aggregates, as well as the simplicity of the technology for 
preparing a fine-grained concrete mixture. 
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Introduction  
The floors of industrial and civil buildings are constantly exposed to all kinds of loads 
that arise during their operation. The accumulated experience shows that, in terms of 
technological features, one of the most effective materials for flooring is fine-grained 
concrete [1]. The factors that hinder the widespread introduction of fine-grained 
concrete into construction practice are its higher cost compared to ordinary concrete, 
as well as relatively low mechanical characteristics: compressive strength, wear 
resistance, shock resistance [2]. A significant reserve for improving the mechanical 
characteristics of fine-grained concrete is its dispersed reinforcement, as well as the 
mechanical activation of Portland cement due to the use of high-speed mixers in the 
technology of preparing concrete mixtures [3-7]. It has been established that the 
introduction of basalt fiber into a fine-grained concrete mixture leads to a decrease in 
its mobility, which requires an increase in the amount of mixing water [8-10]. In 
addition, there are technological difficulties to ensure a uniform distribution of fiber 
in the volume of the mixture. The negative influence of the above factors can be 
radically reduced due to the hydrophobization of the basalt fiber. 

Methodology  
The aim of the study is to improve the mechanical characteristics of fine-grained 
concrete through the use of intensive separate technology (IST) for preparing a 
concrete with polycarboxylate superplasticizer Relaxol-Super PC and hydrophobized 
basalt fiber. 
The objective of the research is to study the effect of prescription factors on the 
mechanical characteristics of fine-grained concrete on activated Portland cement. 
Portland cement grade 500 PC II / A-Sh-500 produced by Cement LLP (Odessa) with a 
content of ground blast furnace slag of 18% was used in the studies. The specific 
surface area of the cement was 350 m2 / kg. Quartz sand of the Nikitsky quarry 
(Nikolaev area) with Mc = 2.4, as well as washed screening of granite crushed stone 
with a fraction of 2.5 ± 5 mm, was used as a fine aggregate. The bulk density of the 
screenings was 1610 kg / m3, the content of dusty particles did not exceed 0.6%. 
Granite crushed stone of 5 ± 10 mm fraction was used as a large aggregate. Crushed 
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stone met the requirements of DSTU BV.2.7–75–98 “Crushed stone and dense natural 
gravel for building materials, products, structures and works”. 
The polycarboxylate superplasticizer Relaxol-Super PC (Budindustriya, Zaporozhye) 
was used to increase the mobility of the concrete mixture. Basalt fiber Bauson-basalt 
12 mm long and 18 ± 2 μm in diameter was used as a fibrous filler. The hydrophobic 
properties of basalt fibers were imparted by treating them with the silicon-organic 
liquid GKZh-10, followed by drying at T = 105 ± 1100C. 
The concrete mix was prepared using intensive separate technology. For this, the 
dosed amounts of Portland cement, water and superplasticizer were loaded into a 
high-speed mixer (V = 2800 r/min), where the binder was activated for 180 seconds. 
The freshly prepared suspension was mixed with dosed amounts of basalt fiber, 
quartz sand, granite screening and granite crushed stone in an ordinary (slow-speed) 
mixer. 
The mobility of the fine-grained concrete mixture at each point of the mathematical 
plan was corrected by the amount of mixing water and was within 16 ± 1 cm 
shrinking of the Abrams cone. The hardening of samples of fine-grained concrete 
took place under normal conditions in a chamber with a temperature of 20 ± 20C and 
a relative humidity of at least 95%. 
The compressive strength of fine-grained concrete was determined by testing the 
halves of the samples - beams 4x4x16 cm in size at the age of 28 days. 
The abrasion of the investigated fine-grained concrete was determined by testing 
cube specimens with an edge of 7.07 cm on an LKI-3 device in accordance with the 
procedure set forth in DSTU B.V.2.7-212: 2009 “Building materials. Concrete. Methods 
for determining abrasion “. 
The impact resistance of fine-grained concrete was determined from the results of 
testing cubic specimens with an edge of 7.07 cm on a vertical dynamic laboratory test 
machine. The value of the impact resistance of concrete was determined by the 
equation:   
 

2

1
 (J / cm )=   

N NТ P h
S

 
                                                                                  (1) 

where  P - is the mass of the striker, kg; 
h - is the height of the falling weight, m;  
N - is the number of blows before the destruction of the sample, n;  
S - is the area through which the load was transferred, cm2. 

Results  

Study of the mechanical properties of concrete was produced by testing two similar 
series of samples: the first (index "a") - using mechanical activation of cement in a 
triboactivator and the other, control (index "c") - using traditional technology. This 
made it possible to compare the properties of concretes of similar compositions, but 
prepared using different technologies - intensive separate and traditional. For this 
purpose, a 25-point 4-factor plan was used, in which the following factors of the 
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composition of fine-grained concrete were varied:   X1 - the amount of Portland 
cement (400±100 kg/m3); X2 - the amount of hydrophobized basalt fiber, 1±1 kg/m3; X3 
- the amount of granite sifting in granite crushed stone of fraction 5±10 mm, in a 
mixture (30 ± 30% kg/m3); X4 is the amount of Relaxol-Super PC superplasticizer 
(1±0.4% of the cement mass). 
The experimental data of the compressive strength, abrasion and impact resistance 
of fine-grained concrete at 25 experimental points of the plan are given in Table 1. 

 
Table 1  
Compressive strength of concrete, abrasion and impact resistance of the investigated 
fine-grained concrete at the age of 28 days of normal hardening 
 

 
 № 

 

Variation 
levels 

Compressive 
strength 

fck.cube   (МРа) 

Abrasion, 
G1 (g/ cm2) 

Impact resistance, 
Т (J / cm2) 

X1 X2 X3 X4 control activation control activation control activation 
1 1 1 1 1 50.1 53.8 0.19 0.18 16.8 17.1 
2 1 1 1 -1 45.4 48.5 0.21 0.21 16.5 16.6 
3 1 1 -1 1 47.2 49.7 0.20 0.20 16.2 16.4 
4 1 1 -1 -1 42.5 45.2 0.21 0.22 15.7 16.0 
5 1 -1 1 1 49.3 52.7 0.27 0.26 9.7 9.8 
6 1 -1 1 -1 44.6 47.4 0.29 0.29 9.1 9.4 
7 1 -1 -1 1 46.3 49.1 0.27 0.28 7.7 8.2 
8 1 -1 -1 -1 41.7 44.7 0.30 0.29 7.4 7.4 
9 -1 1 1 1 37.7 40.2 0.23 0.22 12.4 12.7 

10 -1 1 1 -1 32.6 34.7 0.25 0.25 11.0 10.9 
11 -1 1 -1 1 34.5 36.1 0.23 0.22 11.1 11.3 
12 -1 1 -1 -1 29.6 31.6 0.26 0.26 10.2 10.4 
13 -1 -1 1 1 36.7 38.9 0.29 0.28 6.7 6.6 
14 -1 -1 1 -1 31.7 34.4 0.31 0.30 6.0 6.4 
15 -1 -1 -1 1 33.6 36.6 0.31 0.29 5.9 6.1 
16 -1 -1 -1 -1 28.7 30.3 0.32 0.31 4.9 5.4 
17 1 0 0 0 49.1 51.1 0.21 0.20 13.4 13.5 
18 -1 0 0 0 36.3 40.2 0.24 0.23 11.8 12.3 
19 0 1 0 0 43.9 47.2 0.21 0.19 14.4 15.0 
20 0 -1 0 0 43.1 44.5 0.27 0.26 9.2 10.1 
21 0 0 1 0 44.2 45.7 0.22 0.21 13.2 13.5 
22 0 0 0 1 44.4 46.8 0.21 0.20 13.1 13.2 
23 0 0 -1 0 41.7 46.4 0.21 0.20 12.9 12.8 
24 0 0 0 -1 39.5 43.3 0.23 0.23 12.5 12.6 
25 0 0 0 0 44.0 47.5 0.22 0.20 12.7 13.0 
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The influence of variable factors of the concrete composition on the value of its 
compressive strength (for concretes with an activated binder and prepared according 
to traditional technology) is described by the following ES-models: 

fck.сube а (МPа) = 47.0+6.6Х1 – 1.2 Х1
2                                                                      (1) 

                              +0.5Х2–1.0Х2
2                                  

                              +1.5Х3 – 0.8 Х3
2                              

                              +2.4Х4 – 1.8 Х4
2 

fck.сube c (МPа)= 43.9+6.4Х1 –1.1Х1
2–0.1Х1Х2–0.1Х1Х3 

                             +0.4Х2 – 0.4Х2
2 

                             +1.5Х3–0.9Х3
2                                                                              (2)                                                                                                                                                                                                                        

                             +2.4Х4– 1.9Х4
2 

The fields of models (1), (2) show the minimum values of concrete strength in 
compression (respectively fck.сubeаmin = 31.1 MPa and fck.сubecmin = 28.7MPa) at points 
with the same coordinates X1 = X2 = X3 = X4 = -1. The maximum value of concrete 
strength for the composition on activated cement (fck.сubeаmax = 53.9MPa) is achieved 
at the point with coordinates X1 = 1; X2 = 0.34; X3 = X4 = 0.9. For concrete, the 
mixture of which was prepared according to the traditional technology, the maximum 
strength value (50.5 MPa) is achieved at the point with coordinates X1 = 1; X2 = 0.52; 
X3 = X4 = 0.98. The combined one-factor diagrams, which were constructed using ES-
models (1), (2) and reflecting the influence of variable composition factors on the 
value of concrete compressive strength, are shown in Fig. 1. 

Figure 1  

Influence of variable composition factors on concrete compressive strength in min 
and max zones 

 
   Cement, kg/m3               Fiber, %            Screenings, kg/m3      Relaxol-Super PC, % 

                        - mixtures on activated cement; 

                        - mixtures prepared using traditional technology 

Source: Author’s illustration 
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Analysis of experimental data indicates that at the age of 28 days the compressive 
strength of concrete on an activated binder is 2.5 ... 3.5 MPa higher than the strength 
of concretes of similar composition, prepared using traditional technology. It should 
be noted that the amount of basalt fiber slightly increases the strength of concrete, 
which is consistent with the research results [3-5]. Using the experimental data 
shown in table 1, ES-models of the fine-grained concrete composition variables 
influence on its abrasion were built: 

G1.а(g/сm2)=0.202 – 0.013Х1 +0.014Х1
2 – 0.005Х1Х2 

                            – 0.034Х2+0.024Х2
2                                 -0.003Х2Х4 

                            – 0.004Х3                                                                                 (3) 

                            – 0.013Х4 +0.014Х4
2 

G1.c (g/сm2) = 0.215 – 0.016Х1 +0.011Х1
2–0.004Х1Х2 

                              – 0.036Х2 +0.026Х2
2                          

                              – 0.003Х3                                                                               (4) 

                              – 0.010Х4 +0.006Х4
2 

 
According to the data of ES-models (3) and (4) the minimum value of abrasion G1.аmin 
= 0.177 g/cm2 and G1.cmin =0.188g/cm2 have compositions at points with coordinates: 
X1 = X2 = 0.8; X3 = 1; X4 = 0.6. In physical terms, concretes with the amount of cement 
and fiber close to the maximum, with a dropout content of 60 kg/m3 and the additive 
Relaxol - Super PC = 1.2%, are characterized by the minimum abrasion.  

 

Figure 2    

Influence of varied composition factors on the impact resistance of the concretes 
under study in the min and max zones 
 

 
         Cement, kg/m3               Fiber, %            Screenings, kg/m3     Relaxol-Super PC, % 

                               - mixtures with activated cement; 

                               - mixtures prepared using traditional technology 

Source: Author’s illustration 
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The maximum value of abrasion G1.аmax = 0.309 g/cm2 and G1.cmax = 0.319 g/cm2 have 
concrete compositions at points with the same coordinates X1 = X2 = X3 = X4 = -1. Such 
compositions are characterized by the minimum amount of cement (400 kg/m3) and 
water-reducing additive (0.6%).  
Fiber and granite screenings are absent in such compositions. It should be noted that 
of all the factors under study, the amount of basalt fiber has the greatest influence on 
the abrasion of concrete - an increase in its content from 0 to 1% leads to a decrease 
in abrasion by an average of 25...30%. Concretes based on activated cement are 
characterized by less abrasion compared to the control, by an average of 8...11%. 
Using the experimental data given in Table 1, combined one-factor diagrams were 
constructed, reflecting the effect of variable composition factors on the impact 
resistance of the concretes under study in the extremum zones, Fig. 2. 

Analysis of the data presented in diagrams shown on Fig. 2. allow us to conclude that 
the greatest influence on the impact resistance of concrete is the amount of 
dispersed reinforcement in it. Due to the introduction of hydrophobized basalt fiber, 
the impact resistance of concrete can be almost doubled. An increase in the impact 
resistance of concrete was noted due to an increase in the consumption of cement in 
concrete from 13 J/cm2 (C = 300 kg/m3) to 17.0J / cm2 (C = 500 kg/m3), that is, by 
almost 25%. additives for the impact resistance of concrete is insignificant and does 
not exceed 1 ... 3%. 

Discussion  
Mechanochemical methods of activating mineral binders play an important role in 
improving the mechanical characteristics of building composites. The high-speed 
mixer-activator used in the work, creates turbulent flows in the process of mixing and 
promotes the activation of the surface layer of cement grains with the removal of part 
of the products of neoplasms in the dispersion medium. The exposing surface of 
cement grains in the process of rapid mixing promotes further hydration, while 
increasing the amount of neoplasm products and, consequently, intensifies the 
structure formation of the hardening system. 
The results of experimental studies convincingly testify to the positive effect of 
Portland cement activation on the mechanical properties of fine-grained fiber 
concrete. The effect of mechanical activation on the mechanical characteristics of 
fiber concrete is especially effective in combination with the superplasticizer Relaxol - 
Super PC. By controlling the modes of mechanical activation and the formulation of 
the activated fine mixture, it is possible to control a wide range of mechanical 
properties of fine-grained fiber concrete.  
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Conclusion   

1. The greatest influence on the strength of fine-grained fiber-reinforced concrete 
under compression at the age of 28 days is exerted by the amount of Portland 
cement in it. An increase in the dosage of a binder from 300 to 500 kg /m3 increases 
the strength of concrete by 12 ... 12.5 MPa for activated compositions and by 11.5 ... 
12 MPa for concrete whose binder has not been mechanically activated. Introduction 
to the mixture of granite screening in the amount of 40 ... 50 kg / m3 leads to an 
increase in the strength of concrete by 3 ... 4 MPa.  

2. Increase of the dosage of Relaxol-Super PC to 1.2 ... 1.4% increases the strength of 
concrete by 4 ... 6 MPa. The amount of basalt fiber does not significantly affect the 
compressive strength of concrete. 

3. The use of dispersed reinforcement in combination with mechanical activation of 
cement leads to a decrease of the abrasion of fiber-reinforced concrete by 40 ... 50%. 

4. With the introduction of 2 kg / m3 of fiber into the composition of the concrete 
mixture, abrasion decreases by 36 ... 48% in comparison with the control, and the 
impact resistance of concrete on mechanically activated binder increases by about 
50%. 

5. The analysis of the resistance of fine-grained concrete at the brand age to abrasion 
and dynamic influences has shown the effectiveness of using cement activation and 
the use of hydrophobized basalt fiber. 
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Abstract  
In the 2014–2020 programming period, the cohesion policy focuses more on results 
and evaluation of programs based on facts. Due to the Commission policies, an 
expansion of cohesion policy counterfactual impact evaluation of programmes with 
new approaches can be expected in the future. In this paper, the focus is on the 
calculation of the impact of received European cohesion funds on the revenue of 
companies in Slovenian municipalities one/two years after the receipt of cohesion 
funds for the 2007–2013 period. Two development priorities that affect company 
revenue – Enterprise competitiveness and research excellence and Promoting 
entrepreneurship and adaptability are considered. The effect of the use of the 
European cohesion funds on company revenue in Slovenian municipalities is positive 
for 2009 and 2010 and negative for all other years examined. The results of the 
research can serve to policy-makers to reduce the economic, social and territorial 
disparities in less developed European countries and regions therefore reaching 
balanced regional development. 
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Introduction  

The European cohesion policy aims to reduce disparities in development between the 
European Community member states. The cohesion policy is a part of the European 
Union regional policy, the main EU investment policy that includes almost a third of 
the entire EU budget. The cohesion funds are intended for less developed EU 
countries or regions within EU countries. They are intended to address economic, 
social and territorial disparities. Cohesion funds played an important role at the onset 
of the financial crisis in 2007. Historically, the European cohesion policy can trace its 
foundations to the political commitment written down in the Treaty establishing the 
European Economic Community in 1957 – the Treaty of Rome. Acquisition of funds 
from the cohesion policy is very important for the recipient countries because these 
funds represent a large and immediate cash flow. It is therefore in the interest of the 
recipient countries of the European cohesion funds to completely draw the funds 
available to them in various funds. Implementation of the cohesion policy is legally 
standardized and administratively regulated.  Due to the amount of funds, drawing 
on cohesion funds is under the supervision of competent state authorities, EU bodies, 
the politics and the public. The cohesion policy is objective-oriented and through 
various funds, provides concrete objectives that should help reduce disparities 
between the EU member states (European Commission, 2014). Based on the 
objectives set, various projects are being financed. Only project results can bring the 
desired changes that are required to reduce disparities between regions and 
countries. Successful drawing on cohesion funds itself does not ensure that the 
objectives of the cohesion policy are being met. Cohesion policy objectives are 
realized through the effects of successfully implemented projects within the 
framework of the set programmes and policies. One may ask if the implemented 
projects have an actual effect and result in desired changes that are the goal of the 
cohesion policy. In the legal basis, the European Commission lays down monitoring 
and evaluation of the cohesion policy. The legal basis of the European Commission is 
supplemented by instructions and methodological guidance regarding the 
implementation of programme monitoring and evaluation (see, for example 
European Commission 2013a, 2013b, 2014).  

Methods for assessing the impact of evidence-based policy-making allow for impact 
assessment of implemented programmes and represent the orientation of the 
European Commission in the new programming period 2021-2027 (Caliendo et al., 
2010). Gertler et al. (2016) state that impact assessment of programmes is a part of a 
broader trend of policy-making based on facts and a transfer from the focus on input 
programme parameters to output programme results.  

This paper focuses on the European cohesion policy and participation of Slovenia in 
the 2007–2013 programming period. Taking into account the modern guidelines for 
evaluation of impacts of evidence-based policy-making in the research, authors  
focused on evaluation of the impact of drawing on cohesion funds on local 
companies in 2007-2013 period one/two years after the receipt of cohesion funds. 
The aim of the research is to estimate the effect of absorption from European 
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cohesion funds in Slovenian municipalities based on the companies' revenue of the 
mentioned municipalities. Two development priorities that affect company revenue – 
Enterprise competitiveness and research excellence and Promoting entrepreneurship 
and adaptability are considered. For this, authors used the difference in differences 
method, which is one of the proposed econometric method to use for counterfactual 
impact evaluation by Commission and by modern literature in the field of programme 
evaluation (see, for example Srhoj et al., 2020, de Jong et al., 2020). 

The findings of our research have both theoretical and practical implications. It is 
believed that the findings of this research enable better understanding of the 
complexity of the European cohesion policy and methodological issues connected 
with counterfactual impact evaluation and causal effect. Our research adds to the 
relatively thin literature in the relation of using econometrics approaches in the 
evaluation of the effectiveness of cohesion programmes. Above all, the research 
contributes to the raised awareness about evidence-based policy-making and the 
need to evaluate programmes in order to effectively distribute funds, especially in 
times of tight budgets. What is more, the results of the research can serve to policy-
makers when taking decisions about certain programmes and in such a way 
contribute to more effective allocation of production factors, which can increase 
productivity, economic growth and, furthermore, prosperity in society.  

The rest of the paper is organized in the following manner. After this introduction, 
Section 2 describes the European cohesion policy and participation of Slovenia in the 
2007-2013 programming period. Section 3 reviews literature. Section 4 describes 
methodology and Section 5 results and discussion, while Section 6 concludes. 

Literature review   

The example of using the difference in differences method in combination with the 
method of matching in the economic sphere is used in the Evaluation of 
Implementation of Entrepreneurship and Competitiveness Policy in the 2004–2009 
Period research project. Jaklič (2012) analyses the effect of received entrepreneurial 
incentives on performance through sales growth, employment, added value and 
some other indicators. Using the difference in differences method and forming the 
control group using matching, the analysis gives an assessment of the impact of 
voucher incentives on companies and sole proprietors.  

In the case of evaluation of EU programmes for rural development (Special accession 
programme for agriculture and rural development) for Slovakia and Poland, Michalek 
(2012) uses the difference in differences method in combination with the method of 
matching. The evaluation shows the impact calculation of the SAPARD programme for 
Poland and Slovakia according to the NUTS-4 classification in the 2002–2005 period. 
The author points out that most of the quantitative assessments of rural 
development programmes in the 2000–2006 period use a so-called naive approach 
using basic evaluation methodologies. The control groups are mostly assembled 
without the process of matching with experimental groups, which leads to biased 
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results. Michalek also notes that by the end of 2010, 75% of evaluations sent to the 
European Commission were performed without taking into account the 
counterfactual approach.  

For the European Social Fund in the 2014–2020 period, the Commission established a 
set of output and result indicators at the level of each beneficiary (European 
Commission, 2012). The level of micro data will allow for a more robust analysis and 
monitoring of programmes of this fund. In 2013, the Directorate-General for 
Employment, Social Affairs and Inclusion at the Commission supported eight pilot 
studies of counterfactual impact evaluation for European Social Fund programmes 
(Elia et al., 2015). Of eight assessments, the difference in differences method in 
combination with the matching method was used in three cases. The study in the 
Castilla-La Mancha region in Spain considered the impact of training for specific skills 
for unemployed young people up to 24 years of age. Eighteen months after the start 
of training, young people that were included in the additional training programme 
had a 12% higher probability of employment, retained employment for a longer time 
and concluded more employment contracts than those that were not included in the 
programme. The study of the impact of adult vocational education in Estonia was 
performed using two methods – the method of matching and a combination of the 
method of matching and the difference in differences method. Within the framework 
of the method of matching, the adults included in education had a 6% higher 
probability of employment and future income than those that were not included in 
this education. A calculation using a combination of the method of matching and the 
difference in differences method showed a statistically insignificant impact on 
employability and an impact on the amount of income in the amount of 5 percentage 
points. In Lithuania, five active employment policy projects were carried out between 
June 2008 and November 2013, which included 70 thousand various beneficiaries 
belonging to risk groups. The programmes provided two types of assistance – 
financial incentives for employers and inclusion in vocational training. The study 
measured the number or registered days of unemployment in a year, the number of 
days of employment in a year, total annual income and average daily income. 
Calculations have shown that in short term (one year after intervention), financial 
incentive programmes are successful in terms of both employment duration and 
income. Two years after the intervention, results are less beneficial, but still very 
positive. One and two years after the programme, the effect regarding inclusion in 
vocational training is negative both in terms of probability of employment and future 
income. The reason is supposed to be the closure effect, as well as the fact that 
effects will only be felt over a long period. 
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The European Cohesion Policy and Participation of Slovenia in the 2007-2013 
Programming Period  

Structural and Cohesion Funds  

The regional policy is the main EU investment policy that includes almost a third of 
the entire EU budget. The cohesion policy is a part of the European Union regional 
policy. The European cohesion policy supports solidarity and aims to reduce 
disparities in development between the European Community member states. A 
breakdown of cohesion policy funds shows that a large part of cohesion funds – 
€179.4 billion from the total of €351.8 billion – is intended for less developed regions 
to address economic, social and territorial disparities within the EU. Regional policy 
funds are included in different funds. The main three funds include the European 
Regional Development Fund (ERDF), the Cohesion Fund (CF) and the European Social 
Fund (ESF). The European Regional Development Fund (ERDF) supports regional 
economic and social cohesion. It promotes programmes that strengthen economic 
growth, competitiveness and job creation. The Cohesion Fund is intended for the 
environment, sustainable development and connectivity in countries. The European 
Social Fund is people-oriented and allows for better education and employment 
opportunities and helps reduce poverty and social exclusion. In addition to the above 
three funds, funds are also included in the European Agricultural Fund for Rural 
Development (EAFRD) and the European Maritime Fisheries Fund (EMFF). All the listed 
funds form the European Structural and Investment Funds (ESI).  

Regional policies are formed for the period of seven years. These periods are named 
programming period or financial perspectives. Different programming periods have 
different objectives. The current 2014–2020 cohesion policy-programming period has 
five main areas, namely employment, research and development, education, social 
inclusion and climate/energy. Within the framework of commonly agreed objectives 
at the EU level, each member country concludes a partnership agreement and 
operational programmes with the European Commission, specifying investment 
priorities and development objectives. For the 2014–2020 programming period, the 
cohesion policy is based on eleven thematic objectives that support growth. 
Compared with the previous period, the 2014–2020 period is focused on results with 
measurable objectives. Total assets of the European cohesion policy at the EU level 
amount to almost €352 billion, which is slightly more than 32% of the entire EU 
budget for this period. Implementation of the European cohesion policy requires that 
projects financed from cohesion funds be co-financed from public and private 
sources, which further increases the overall financial impact of the cohesion policy. 
Acquisition of funds from the cohesion policy is very important for the recipient 
countries because these funds represent a large and immediate cash flow.  Due to 
the amount of funds, drawing on cohesion funds is under the supervision of 
competent state authorities, EU bodies, the politics and the public. 
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Participation of Slovenia in the 2007-2013 Period  

In the process of becoming a full member of the EU, Slovenia used pre-accession 
funds. After becoming a full member of the EU in 2004, Slovenia used a part of the 
funds included in the programming period ending in 2006. At the end of 2015, 
payments of European cohesion funds for the 2007–2013 programming period are 
being finalized, with Slovenia fully participating in this period. During this period, the 
European budget provided funds in the amount of €4.1 billion for Slovenia from the 
Structural and Cohesion Funds. European cohesion funds are important for the 
Slovenian budget. Available cohesion funds are increasing within the programming 
period and in respect of all state budget revenues, from slightly more than 4% of the 
budget at the beginning of the financial perspective in 2007 to more than 11% of the 
budget at the end of 2011 (Računsko sodišče Republike Slovenije, 2008). 

The legal basis for drawing funds are operational programmes that provide concrete 
objectives, development priorities, beneficiaries and the financial breakdown of 
funds. The EU cohesion policy for the 2007–2013 period had three operational 
programmes covering the field of regional development (OPRR, 2008), the field of 
human resources development (OPRČV, 2008) and the field of environmental and 
transport infrastructure (OPROPI, 2008). 

The Operational Programme for Strengthening Regional Development Potentials 
(OPRR) is focused on development of regions and on competitive, knowledge-based 
economy. Beneficiaries include companies, state and municipalities, educational 
institutions, public and private institutions and associations, non-profit and non-
governmental organisations. The programme is divided into five development 
priorities and the EU funds in the amount of €1.78 billion are drawn from the 
European Regional Development Fund (ERDF). The largest share of EU funds in the 
amount of €619,442,634 (35%) is dedicated to the “Development of Regions” priority. 
EU funds in the amount of €613,152,895 (34%) are intended for the “Competitiveness 
and Research Excellence” priority. The main objective of the Human Resources 
Development Operational Programme (OPRČV) is investment into building human 
capital, which will ensure a higher level of innovation and consequently greater 
employability, social inclusion and reduction of regional disparities. The programme 
is divided into six development priorities and the EU funds in the amount of €755.9 
million are drawn from the European Social Fund (ESF). The total financing amount of 
the OPRČV operational programme is €889,058,088. The largest share of EU funds in 
the amount of €262,114,965 is intended for the “Promotion of Entrepreneurship and 
Flexibility” development priority. The objective of the Development of Environment 
and Transport Infrastructure operational programme (OPROPI) is to ensure 
infrastructure in the field of environment and transport. The programme is divided 
into six development priorities, with EU funds in the amount of €1.56 billion drawn 
from the Cohesion Fund and – in a small part – from the ERDF.  
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Success of Absorption of EU Cohesion Funds  

The objective of beneficiary countries entitled to EU cohesion funds is maximum 
utilization of allocated cohesion funds. Information on the use of EU funds as of 31 
December 2015 indicates that Slovenia paid €4,312,527,143 from its budget for all 
three operational programmes, which is 105.16 % of available EU funds. By the end of 
2015, Slovenia issued claims in the amount of €3,951,547,309 to the European 
Commission, which amounts to 96.4% of available funds. Rules on payment of 
cohesion funds state that the European Commission reimburses up to 95% of used 
funds, with the remaining 5% of funds being reimbursed when the beneficiary 
country receives the final report on the implementation of operational programmes 
for the 2013–2017 period (Služba vlade Republike Slovenije za razvoj in evropsko 
kohezijsko politiko, 2016).  Within the framework of the ERDF, ESF and CF, more than 
5000 projects were financed in the 2007–2013 programming period.  

Methodology  

Research Objectives and Data  

Taking into account the modern guidelines for evaluation of impacts of evidence-
based policy-making in the research, the focus is on evaluation of the impact of 
drawing on cohesion funds on local private companies using the difference in 
differences method in 2007-2013 period. The aim of the research is to estimate the 
effect of absorption from European cohesion funds in Slovenian municipalities based 
on the companies' revenue of the mentioned municipalities. When calculating the 
effect of received cohesion funds on company revenue, authors took into account 
two development priorities that affect company revenue – Enterprise competitiveness 
and research excellence and Promoting entrepreneurship and adaptability. The 
Enterprise competitiveness and research excellence development priority 
programme provides for an average increase in value added in the amount of 8–10% 
per employee in companies that have received cohesion funds (Služba vlade 
Republike Slovenije za razvoj in evropsko kohezijsko politiko, 2016). It is believed that 
the increased value added per employee will be indirectly reflected in an increased 
company revenue. Company revenue which is used as aggregate value is information 
that is easily accessible at the level of municipalities for individual years. The data 
source is the Statistical Office of the Republic of Slovenia. The Promoting 
entrepreneurship and adaptability development priority programme is aimed at 
investing in human resource development and the integration of economic, 
educational, research, development and employment spheres. This development 
priority is complementary with the Enterprise competitiveness and research 
excellence development priority of the OPRR programme. Among the indicators of 
this development priority, the transfer of 115 new applicative technologies, patents or 
innovations to meet the needs of the economy as a result of supported activities is 
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planned. Authors expect that the transfer of new technologies to the economy will 
also result in an increased company revenue. 

Authors assessed the impact of received European cohesion funds on the revenue of 
companies in Slovenian municipalities one/two years after the receipt of cohesion 
funds to assess short and long term impact of funds mentioned. Table 1 shows 
company revenue according to the Slovenian statistical regions in the 2008–2014 
period. Due to the impact of the economic crisis, company revenue in all statistical 
regions declined. The Gorenjska and Goriška regions experienced a declining trend of 
company revenue in the examined period. 

Table 1  

Company revenue according to regions (in EUR 1000)  

Region        2008        2009        2010        2011        2012        2013        2014 

Pomurska   2,680,297   2,300,870   2,305,183   2,465,324   2,614,531   2,586,961   2,859,623 

Podravska 10,955,344   9,192,508   9,632,117 10,092,168   9,863,598   9,921,337 10,293,275 

Koroška   2,283,660   1,752,658   1,840,289   2,058,025   2,020,237   1,955,144   2,021,142 

Savinjska  9,910,320   8,588,906   8,873,675   9,460,098   9,154,901   9,184,229   9,309,987 

Zasavska  1,116,882     970,626     994,722   1,042,167     998,605     963,957     955,826 

Posavska  2,152,332   2,096,181   2,255,247   2,781,540   3,224,940   2,981,247   3,097,998 

JV Slovenija  5,961,848   5,422,208   5,728,914   5,685,051   5,444,639   5,153,152   5,452,396 

Osrednje 

slovenska 

42,212,232 37,578,755 39,013,388 40,528,042 41,115,868 41,636,035 42,626,496 

Gorenjska  7,185,300   5,822,294   6,213,259   6,437,932   6,456,508   6,340,948   6,700,737 

Primorska  1,303,637   1,120,466   1,209,091   1,278,751   1,255,205   1,299,626   1,431,246 

Goriška    4,448,113   3,670,648   3,885,528   4,028,942   3,837,850   3,709,795   3,852,123 

Obalnokraška   5,576,322   4,544,093   4,753,790   4,931,631   4,752,540   4,893,092   4,970,940 

(all)  95,786,287 83,060,213 86,705,203 90,789,671 90,739,422 90,625,523 93,571,789 

Source: Statistical Office of the Republic of Slovenia, Slovene Statistical Regions and 
Municipalities in numbers. 

Control group formation is essential to meet the assumption of conditional 
independence, which ensures the best possible correlation between the control 
group and the experimental group. Ideally, both groups would differ only in receiving 
the intervention and the difference between the groups would only be the result of 
intervention. In our research, municipalities that did not receive European cohesion 
funds in a given year, are assigned to the control group during the observational 
period, whilst the municipalities that have received the European cohesion funds, are 
assigned to the experimental group. The causal effect assessment is performed with 
the R open-source programme. Within the framework of this programme, the MatchIt 
package was used (Ho et al., 2007), which allows us to prepare data and form the 
control group. 
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The data necessary for calculation include a combination of variable values and 
dummy variables marking the period and the group. The data for the company 
income variable by municipalities and years was obtained from the Statistical Office 
of the Republic of Slovenia. Other data sources include data on payment of cohesion 
funds by municipality, operations, development priorities and year. The data source 
for paid cohesion funds is the ISARR information system. The administrator of the 
ISARR information system is the Slovenian Government Office for Development and 
European Cohesion Policy, which acts as the managing authority in Slovenia. 
Information on the disbursement of cohesion funds is publicly accessible via the EU 
funds website.  

Both sources of data are merged using common variables – municipality and year. A 
particular problem in the preparation of this data were missing municipality codes in 
the data on allocated cohesion funds, which are crucial for our analysis. Merging of 
data on cohesion funds with the municipality register using municipality names was 
not successful. The reason for this was in differently entered municipality names. 
Because merging of data using the municipality register was essential, authors had to 
write a programme to harmonize municipality names with the municipality names in 
the municipality register. After this, authors indirectly obtained municipality codes 
from the Statistical Office of Slovenia register. In order to organize data on cohesion 
funds, programming was required because manual editing of municipality names 
would be very time-consuming due to the database size. It would be very appropriate 
for analytical data processing if institutions published data in the universal text 
format, which is more suitable for further use in software tools. 

The Difference in Differences Approach  

The difference in differences method is used to measure the treatment impact 
(causal effect), carried out in the experimental group. Under treatment, introduction 
of a new measure, policy or intervention over a certain group can be included. The 
observed variable was measured in two periods. The variable value was measured in 
the period before the treatment and in the period after the treatment. The difference 
in value of the observed variable before and after the treatment can be attributed 
partially to the treatment and partially to other unexplained factors. The entire 
difference in value of the variable therefore cannot be attributed solely to the 
treatment (Angrist et al., 1996; Cameron et al., 2005; Wooldridge, 2010). Along with 
the experimental group, the method includes a control group, which did not receive 
any treatment. The control group is used to compare the value of the observed 
variable in the time before and after the treatment. The value of the dependant 
variable in the experimental and the control group is different in the starting and the 
ending period. However, the interest is in the difference in the difference between the 
starting and the ending period, which is the result of the received treatment. The idea 
of the method is that the groups are the same in all aspects, with the exception of the 
treatment received by the experimental group (see, for example Južnik Rotar 2012, 
2019; Khandker et al., 2010; Lee, 2005). The decisive assumption for this assertion is 
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that both groups have the same trend. The assumption of the same trend means that 
both groups move in a tandem and that the difference between the groups without 
the intervention in the starting and the ending period would be the same. The 
assumption allows for us not knowing or controlling all the factors that influence the 
result. The only important thing is that the factors are fixed during the intervention. 
The input data structure required for calculation of difference in differences uses 
three variables, which are described in Table 2. 

Table 2  

Variables required for calculation of difference in differences 

Variable Description 

y y marks the measured variable (such as income of companies) 

t 
t marks the period of measuring the variable Y; the value t0 
represents the starting period and t1 represents the ending period 

i 
i marks the group where the variable y belongs; i0 represents the 
control group and i1 represents the experimental group 

Source: own research. 

The results of individual calculation elements of difference in differences are 
presented in tabular form, as shown in Table 3. 

Table 3  

Calculation of difference in differences  

 i0 i1 difference 

t0 A C C – A 

t1 B D D – B 

difference B – A D – C (D – B) – (C – A) 

Source: own research.  

Cohesion Funds Allocation Process  

Competence, responsibilities and duties of participants in the procedures of planning 
and spending of European cohesion policy funds are detailed in the Decree on the 
implementation of procedures for the use of the European cohesion policy funds in 
the Republic of Slovenia in the programming period 2007–2013. The Decree defines 
the basic concepts, roles and participants in the procedure of cohesion policy 
implementation. For each participant type, their competence, responsibilities and 
duties in the procedure of cohesion policy implementation are listed. The cohesion 
policy implementation in Slovenia is centralized. Namely, the Slovenian Government 
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Office for Development and European Cohesion Policy, which acts as the managing 
authority, is competent for the implementation of operational programmes. The 
managing authority transfers the implementation of some of the duties to other 
direct budget users, which act as so-called intermediate bodies. Intermediate bodies 
are individual ministries or public agencies, which cover individual fields. In the field 
of entrepreneurship development, the intermediate body is the Public Agency of the 
Republic of Slovenia for the Promotion of Entrepreneurship. 

The allocation of cohesion funds is performed in two ways – through calls for tenders 
or direct confirmation of the operation. In the field of entrepreneurship, funds are 
always allocated through calls for tenders. Companies wishing to obtain cohesion 
funds apply to calls for tenders prepared by ministries or agencies for individual fields 
of the cohesion policy. The joint point for publication of calls for tenders in the field of 
the cohesion policy is the web portal, managed by the managing authority. Finding 
appropriate calls for tenders and tracking of the launch of calls is a time-consuming 
task. An application to calls for tenders is also a demanding administrative task, which 
many small companies are not able to carry out on their own. In addition to the 
application, the applicant needs to provide the entire project and investment 
documentation.  

Individual calls to tender detail the object, purpose and objective of the call to tender, 
the beneficiaries and the conditions for applying to the call to tender. For selection of 
companies that have applied and meet the conditions in the call to tender, objective 
criteria for application assessment based on scoring are used. The criteria consist of 
individual sub-criteria, which are assessed with the highest possible number of points 
and are defined in detail in the tender. The call to tender specifies the amount of 
available funds and the possible dynamics of funds utilization throughout the years. 
The tendering authority issues a decision on co-financing to the selected applicants 
and enters into a contract on co-financing with the applicants. The use of acquired 
funds for the beneficiaries (companies) is strictly purposeful and defined in the call to 
tenders with eligible costs. Eligible costs defined in the call to tender depend on the 
individual policy covered by the call to tenders. The recipients of cohesion funds need 
to keep accounts, which allows control of the purposeful use of funds. Each project 
that acquires cohesion funds is subject to the verification of project implementation 
and purposeful use of funds. 

Results and Discussion  

The impact of received European cohesion funds on the revenue of companies in 
Slovenian municipalities one/two years after the receipt of cohesion funds was 
estimated. Table 4 shows the difference in differences estimates. 
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Table 4  

Difference in differences estimates  

Time  Control group Experimental group Difference 

2008 6.240.659  89.545.628  95.786.287  

2009 5.378.488  77.681.725  83.060.213  

Difference  -862.171  -11.863.903  -12.726.074  

        

2008 6.240.659  89.545.628  95.786.287  

2010 5.675.507  81.029.696  86.705.203  

Difference  -565.152  -8.515.932  -9.081.084  

        

2009 5.366.215  77.693.998  83.060.213  

2010 5.728.001  80.977.202  86.705.203  

Difference  361.786  3.283.204  3.644.990  

        

2009 5.366.215  77.693.998  83.060.213  

2011 6.018.103  84.771.568  90.789.671  

Difference  651.888  7.077.570  7.729.458  

        

2010 14.576.173  72.129.030  86.705.203  

2011 15.654.668  75.135.003  90.789.671  

Difference  1.078.495  3.005.973  4.084.468  

        

2010 14.576.173  72.129.030  86.705.203  

2012 15.675.359  75.064.063  90.739.422  

Difference  1.099.186  2.935.033  4.034.219  

        

2011 22.368.068  68.421.603  90.789.671  

2012 22.119.807  68.619.615  90.739.422  

Difference  -248.261  198.012  -50.249  
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2011 22.368.068  68.421.603  90.789.671  

2013 22.260.533  68.364.990  90.625.523  

Difference  -107.535  -56.613  -164.148  

Source: own research.   

The econometric difference in differences estimation reveals that the Enterprise 
competitiveness and research excellence and Promoting entrepreneurship and 
adaptability development priorities had a positive impact on company revenue in 
Slovenian municipalities one/two years after the receipt of cohesion funds only for 
2009 and 2010; for all other years examined, the effect of drawing on cohesion funds 
is negative. Since the examined period coincides with the economic crisis, a reduction 
in economic activity, a decrease in demand and a drop in investments, the negative 
effect can be attributed to these reasons, but such effects also occur with a delay. The 
most obvious fall in real GDP per capita in Slovenia was in the years 2008/2009 when 
real GDP per capita felt down from 19200 EUR to 17600 EUR and then again in the 
year 2013 in comparison with the year 2008 when real GDP per capita was 17200 EUR 
(in comparison with 19200 EUR in the year 2008). In the struggle for competitive 
advantage, Slovenian companies are still faced with poor connection between the 
economic, educational, research, development and employment spheres. The 
transfer of new technologies, patents, and innovations to meet the needs of the 
economy is slower than in other comparable economies. The rigid legislation and an 
extensive administrative burden further aggravate the companies’ ability for a faster 
adaptation to the changing economic conditions and thereby generation of higher 
revenue or business results. 

The evaluation approach used in this paper supports the orientation of the European 
Commission in the new programming period towards evidence-based policy-making. 
The European Commission also encourages the Member States to follow this 
orientation and to increase efforts to develop credible evidence of the European 
policy effects which requires counterfactual impact evaluations. Counterfactual 
impact evaluations answer the question of what would the results be in the absence 
of the intervention. Counterfactual impact evaluations address the crucial question of 
causal inference and of what works. In the programming period 2014-2020 the focus 
is therefore towards a stronger performance and result orientation. Counterfactual 
impact evaluations provide evidence on net effects or impacts of interventions which 
is now a need and existing evaluation practice should be supplemented with efforts 
to develop credible evidence of the European policy (Ravallion, 2012). Our paper 
therefore supports this orientation and promotes development of the culture of 
evaluation. Orientation towards evidence-based policy-making is especially important 
in times when facing tight budget and effective use of public funds. Such evaluation 
approaches are needed to inform policy-makers on a range of decisions, from 
withdrawing inefficient programs, reallocating funds to effective programs, 
comparing and selecting among various program alternatives. Such evaluation 



70

  
 Croatian Regional Development Journal | Vol. 2 No.1 | 2021 

approaches enable policy-makers to assess the effectiveness of interventions, make 
comparisons between interventions and assess their relative performance.  

Conclusion  
By moving the focus from drawing on cohesion funds to measurable programme 
results, greater opportunities for fact-based impact evaluation of the cohesion policy 
are opening. This movement of focus is supported by the European Commission in its 
legal basis and methodological guidelines. In its methodological guidelines, the 
Commission encourages the programme impact evaluation with approaches based 
on the counterfactual concept. In the research, the difference in differences method 
was used. The effect of the use of the European cohesion funds on company revenue 
in Slovenian municipalities is positive for 2009 and 2010 and negative for all other 
years examined. Authors associate the obtained results with the economic crisis 
because such effects may also occur with a delay. Despite this, Slovenian companies 
are still faced with poor connection between the economic, educational, research, 
development and employment spheres, while the transfer of new technologies, 
patents, and innovations to meet the needs of the economy is slower than in other 
comparable economies. A rigid legislation and administrative burdens present 
additional obstacles to companies. A new information system to support the 
cohesion policy implementation is in use from the mid-2017. It is assumed that a new 
information system will ensure quality data, which will be the basis for evaluation of 
the effects based on facts. With the increased availability and knowledge of 
methodologies, quality data, implementation of assessments based on facts in the 
field of cohesion policy can be expected.  
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Abstract.  
The work investigates changes in the beam structure under the action of local 
freezing, which leads to a change of the mechanical properties of the material and, 
consequently, of the beam structure. Two types of beam samples were used: from 
cement-sand mortar and from concrete. The work investigates the change in the 
development of deformations depending on the conditions of freezing of samples. 
The second accelerated method for assessing frost resistance was chosen according 
to DSTU B В.2.7-47-96. An accelerated method was chosen for assessing frost 
resistance at the temperature of -20 ±2 C°. After every five freeze-thaw cycles, the 
following changes were monitored: mass, water absorption, ultrasound transmission 
rate, damage coefficient, tensile bending strength, splitting strength, compressive 
strength, carbonization depth. The results showed that both in concrete and in 
mortar samples, the compressive strength after freezing was lower by 8% and 15% 
accordingly. The experimental results obtained confirm the assumptions made that 
the frost resistance of the material depends on the conditions of exposure of 
negative temperatures on products and structures and it can be used in a wider 
range of construction which will push regional development. 

Keywords: cement-sand mortar, concrete, beam, deformations, localized freezing 
and thawing, material properties, structural changes. 
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Introduction 
Existing methods for assessing frost resistance of building materials are based on the 
assumption that the samples, after moistening, are subjected to a comprehensive 
effect of negative temperatures (Powers, 1945, Sheikin et al., 1927 Podvalny, 2004). 
Analysis of the operating conditions of most building products and structures 
(enclosing structures of buildings and structures of various values, dams, canal lining, 
pressure and non-pressure pipes, power lines, etc.) showed that, as a rule, external 
climatic loads act on them unilaterally or locally. It can be assumed that under these 
types of influences, the behavior of materials of products will differ significantly from 
their behavior during freezing. For a more objective assessment of frost resistance, 
the task of analyzing the conditions of external influence of negative temperatures on 
the change in the physicochemical characteristics of solutions and concretes is actual. 

Many contemporary authors have dealt with the problem of frost resistance of 
materials (Sheikin et al., 1927, Podvalny, 2004, Kuntsevich, 1981, Dobshits, 2007, 
Rusin, 2002, Powers, 1945).  

Existing methods for assessing the frost resistance of building materials are based on 
the assumption that the samples after wetting are exposed by the negative effects of 
negative temperatures. These theories formed the basis of the main hypotheses that 
explain the occurrence of stresses that occur in building materials, as capillary porous 
bodies, as a result of ice formation (Rusin, 2002, Dobshits, 2007). 

The analysis of the main hypotheses for decreasing of frost resistance showed that 
there is practically no scientific and technical information on the effect of freezing 
conditions of products (samples) on the ability of the material to perceive the 
development of deformation with an increase in the volume of freezing water without 
destruction.  

The purpose of the work is to assess the conditions of fully and one-sided freezing of 
samples to change the physicochemical characteristics and frost resistance of 
building materials. 

Methodology 
Samples - beams (40×40×160 mm.) were taken as objects of study and analysis made 
of cement-sand mortar (cement/send = 1/2 and W/C = 0,5). For concrete samples 
were formed prism samples with dimensions 100×100×400 mm. Concrete design 
grade C30/40 at W/C – 0,48. 

Each type of sample was divided into three groups:  

The first group (О1) includes samples that were tested in accordance with existing 
regulatory requirements (DSTU B V. 2.7-47-96).  
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The second group (O2) includes samples that were tested under conditions of one-
sided freeze-thaw. Part of the sample passed freeze-thaw (О2-), and the other part 
was in the zone of the positive temperature range (О2+). 

The third group (O3) includes samples that were in the normal hardening chamber. 

There are two typical ways of freezing samples. The first method is to freeze the pre-
moistened entire sample. This method has been used for more than a hundred years 
as a basic normative method for quantifying the frost resistance of building materials 
of various types and purposes (DSTU B V.2.7-47-96). The second method is associated 
with one-sided exposure of negative temperatures. Changing of the freezing 
conditions noticeably changes the formation of the freezing front, which leads to a 
change in the internal heat and mass transfer, pinching or displacement of the gas 
component, the emergence and development of moisture and temperature 
deformations, etc (Nepomyashchy et. al. 2020). This suggests that a change in the 
freezing conditions of samples will make it possible to more objectively assess the 
frost resistance of materials and develop adequate recipe and technological methods 
for increasing their resistance, depending on the type and operating conditions of the 
product and structures. 

The second method for assessing frost resistance was chosen. After every five freeze-
thaw cycles, it was monitored following characteistics: mass (∆m), water absorption 
(w), ultrasound speed through sample (υ), damage coefficient (Кп), bending tensile 
strength (fctk), splitting strength (fctn), compressive strength (fck), carbonation depth 
(λ). Table 1. 

Table 1 

Tests of the influence of different types of freezing and thawing 

Trials Material 

Mortar Concrete 

О1 О2 О1 О2 

∆m 24 24 24 24 

w 24 24 24 24 

υ 48 96 28 96 

DF 24 24 24 24 

fctk 24 24 24 24 

fctn 48 48 48 48 

fck 48 48 48 48 
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The mass of the samples was determined using scales with a division of 0.1 g 

Determination of water absorption of samples was carried out in accordance with 
DSTU B V.2.7-47-96: 2008 " using an oven that maintains a temperature of 95 ± 5 °С. 

The speed of ultrasound was determined using the device УК-14пм, in a completely 
dried condition in accordance with DSTU B V.2.7-220:2009. 

Devices ІПС-МГ4.03 are designed for operational non-destructive testing of strength 
and homogeneity of concrete and mortar by the method of shock pulse according to 
DSTU B V.2.7-220:2009. The strength of the samples is determined according to DSTU 
B V.2.7-214:2009. 

All results samples strength were obtained on a standard hydraulic press. The 
strength of concrete, MPa (kgf/cm2), is calculated with an accuracy of 0.1 MPa 
(1kgf/cm2) in compression tests and up to 0.01 MPa (0.1 kgf/cm2) in tensile tests for 
each sample. Figure 1 . 

Figure 1  

Compressive and bending strength equipment.  

a) standard hydraulic press, b) bending test equipment 

a)    b)   

Source: Author’s illustration 

As a basic method for detecting technological cracks in cement stone and concrete, 
the method described in the Patent of Ukraine № 5735 was adopted. The essence of 
the method is that the sample or fragment of the sample is placed for a fixed time in 
an aqueous solution of tannin at a given concentration at a temperature of 100 °C. 
The pattern of cracks is "printed" on the open surfaces of the samples, which allows 
to measure their total length and find the ratio of the crack length to the surface area 
on which they appeared. 

The method of calculating the damage factor (DF) was used for quantitative 
assessment. To determine the damage factor (DF), the total length of the defects was 
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correlated with the surface area on which they appeared. The total length L is defined 
as the sum of the lengths of the active elements. 

                                          L = l1 + l2 + … + li                                                     (1) 

                                          DF = L/а2   см/см2                                                    (2) 

where L – is the total length of cracks, see, l1, l2…. li – is the length of the crack 
fragment, cm; a – is the area on which the cracks are, cm2. 

 

Results 

The experimental results showed, for samples from solution, that with an increasing 
in the number of cycles, water absorption decreases with one-sided freezing to 18% 
with all-round freezing up to 25%. 

A change of water absorption during multiple freezing cycles indicates a change of 
the pore structure, which is indirectly confirmed by an increase of the ultrasound 
speed with an increase in the number of cycles. Structural transformations are 
confirmed by the test results of the effect of freezing conditions on the change in the 
carbonization depth - with all-round freezing, the carbonization depth is more than 
two times higher than the carbonization depth of samples that were subjected to 
one-side freezing. Experiments have shown that with an increase of the number of 
cycles, the value of DF increases. At the same time, the damage of the samples during 
all-round freezing and thawing is, on average, 22% higher than the damage of the 
samples under the one-sided exposure of negative temperatures.  

 

 

 

 

 

 

 

 



78

Croatian Regional Development Journal | Vol. 2 No. 1 | 2021  

 

 
 

Figure 2 

Effects of freezing conditions on the change in bending strength for samples from 
mortar 

 
Source: Author’s illustration  

Figure 3  

Influence of freezing conditions on the change in compressive strength for samples 
from mortar  

 
Source: Author’s illustration 
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Experiments have shown that the strength of fctk, samples of cement-sand mortar 
after 40 cycles of comprehensive freezing decreased by 54%, and with unilateral 
exposure to 24% (Figure 2). 

Compressive strength fck during freezing in all directions decreased by 34%, while in 
unilateral freezing by 21%. In the part that was subjected by cyclical stress, the fck 
value decreased to 36%.(Figure 3). 

With an increasing of the number of cycles, the general tendention of the influence of 
freezing conditions on the change of strength characteristics remains. 

Results similar to the mortar were obtained when studying the effect of freezing 
conditions on the change in the physical and mechanical properties of concrete. 

The results of the experiment after 20 cycles of freezing and thawing showed that the 
water absorption for concrete samples that passed freezing fully increased by 34%, 
while with one-sided freezing water absorption increased by 20%.  

 

 

Figure 4 

Influence of freezing conditions on the change in bending strength of concrete 
samples. 

 
Source: Author’s illustration 
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Figure 5  

Influence of freezing conditions on the change in the splitting strength of concrete 
samples. 

 
Source: Author’s illustration 

Figure 6  

Influence of freezing conditions on the change in the compressive strength of 
concrete samples. 
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Source: Author’s illustration 

As already mentioned, the measurement of water absorption indicates a change in 
the pore structure, for concrete samples, which is indirectly confirmed by an increase 
in the ultrasound speed with an increase in the number of cycles. Also, the change in 
the structure is indirectly confirmed by the change in the damage coefficient (2) 
(Patent of Ukraine No. 5735). The damage coefficient of samples during all-round 
freezing and thawing is, on average, two times higher than the damage of samples 
under one-sided exposure of negative temperatures. 

Another confirmation of structural transformations, for concrete samples, is the 
results of the freezing conditions effect on the change in the depth of carbonization: 
with all-round freezing. The depth of carbonization is more than two and half times 
higher than the depth of carbonization of samples that were subjected of unilateral 
freezing.  

The experiments, for concrete samples, showed that the bending strength (fctk ) of 
concrete samples after 20 cycles of fully freezing decreased by 27%, and samples that 
underwent local freezing by 18%. (Figure 4) The splitting strength (fctn) in samples O1 
decreased by 51%, in O2 + by 35%, and for O2 by 46% after 20 freeze-thaw cycles 
(Figure 5) The compressive strength of samples (fck) after 20 freezing cycles decreased 
by 28% in samples О1, and for samples О2 + and О2- this indicator decreased by 22% 
and 20%, respectively (Figure 6). 

Discussion 
Historically, the mechanism of displacing water from pores and capillaries was 
adopted by T. S. Powers (Powers, 1945) as the main one in describing of processes 
occurring in a separate capillary. This is the basis for the hypothesis of a decrease of 
frost resistance of building materials, and formulation and technological measures 
are being developed to create the so-called reserve porosity for the flow of water 
displaced during its freezing in the volume of capillaries. If we take a similar 
mechanism of internal heat and mass transfer as a basis, then under conditions of 
comprehensive freezing in the deep zones of samples (products) a significant amount 
of water will be concentrated, forming a "core" of material, supersaturated with 
moisture. With complete freezing, the pressure that arises with an increase of the 
volume of water should lead to the destruction of the sample (product) from the 
inside. Over the entire period of observation of the behavior of building products and 
structures and in the study of frost resistance on individual samples, the explosive 
nature of destruction by the "inside-out" method was not described. As a rule, the 
destruction of samples during all-round periodic freezing and thawing occurs from 
the surface layers to the deep layers of the material. 

Experimental studies have shown that the frost resistance of the material largely 
depends on the freezing conditions of the samples. Freezing conditions predetermine 
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structural changes, which affects the nature of damage changes, carbonization depth, 
water absorption, ultrasound transmission rate. In turn, a change of physical 
characteristics, as the studies have shown, leads to a change in mechanical indicators. 

An analysis of the experimental data allows us to conclude that the decrease of frost 
resistance is associated not so much with the internal migration of moisture, but with 
the conditions of its increase in volume in the capillary and pore. Excessive pressure 
arises inside the discontinuities, which leads to an increasing in their volume. Thus, 
water is not displaced, but diffused in the discontinuity. This is especially noticeable 
because of changing the methods of freezing samples. 

Sign-alternating volumetric deformations of the material arising due to periodic 
changes in the temperature and pressure of ice lead to a change in the structure, 
which in turn changes the physical and mechanical properties of cement stone and 
concrete, which are located in zones of negative temperatures. 

Conclusion 

The analysis of the experimental results showed that with an increase in the number 
of cycles in the samples from mortar and concrete, structural changes occur, which 
depend on the conditions of their freezing. This is evidenced by the change in mass, 
water absorption, ultrasound transmission rate, damage coefficients and 
carbonization depth, strength characteristics as follows: 

During cyclic all-round freezing, the water absorption of solution samples decreased 
by 25%, the damage coefficient increased 9 times, and the ultrasound speed 
decreased to 7%. Flexural strength decreased by 54%, compressive strength by 34%. 

During local repeated freezing of samples from the solution, water absorption 
decreased by 18%, the damage coefficient increased 6.5 times, and the ultrasound 
speed decreased to 8.8%. Flexural strength decreased by 24% and compressive 
strength by 36%. 

During the volumetric freezing of concrete samples, water absorption increased by 
34%, the damage coefficient increased by 3.5 times, the ultrasound speed decreased 
to 47%. Flexural strength decreased by 27%, compressive strength decreased by 28%. 

Changing the freezing conditions leads to decreasing in water absorption up to 20%, 
the damage coefficient – 2 times, the ultrasound speed – up to 33%. Flexural strength 
decreased by 18% and compression by 22%. 

Studies have shown that the change in the physical and mechanical characteristics 
and frost resistance of building materials depends on the conditions of exposure to 
negative temperatures.  
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