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Problems of creating spatial order of building development 
in post-agricultural areas

Problematyka kształtowania ładu przestrzennego zabudowy 
na terenach porolnych

Abstract
An increase in the popularity of suburban areas as places of residence has triggered dynamic development 
of such areas in recent years. This resulted in mass designation of previously agricultural land for housing 
development. Suburban areas with typically agricultural land parcellation are not prepared for adopting 
building development structures of urban character without an interference into their parcellation structure. 
In a situation of sporadic application by communes of the procedure of land consolidation followed by 
secondary division for the purpose of preparing future investment land, the real estate economy becomes 
based on individual divisions. A lack of the right regulations in local development plans does not permit 
control of the progressing building development. As a result, urban sprawl occurs, and the resulting 
structures largely deviate from the rules of spatial order.
Keywords: building development, spatial order, spatial planning

Streszczenie
Wzrost popularności obszarów podmiejskich jako miejsca zamieszkania pociągnął za sobą w ostatnich latach 
dynamiczny rozwój zagospodarowania tych obszarów. Skutkiem było i jest masowe przeznaczanie pod 
zabudowę mieszkaniową terenów dotychczas użytkowanych rolniczo. Obszary podmiejskie o typowo rolnej 
parcelacji gruntów nie są przygotowane do przyjęcia struktur zabudowy o miejskim charakterze bez ingerencji 
w ich strukturę parcelacyjną. W sytuacji sporadycznego wykorzystywania przez gminy procedury scaleń 
i  ponownych podziałów w celu przygotowania przyszłych terenów inwestycyjnych, podstawą gospodarki 
nieruchomościami stają się indywidualne podziały. Brak odpowiednich regulacji w  miejscowych planach 
zagospodarowania przestrzennego nie pozwala na kontrolę rozwijającej się zabudowy. W efekcie dochodzi do 
rozlewania się zabudowy, a powstające struktury są dalekie od zachowania zasady ładu przestrzennego.
Słowa kluczowe: planowanie przestrzenne, rozwój terenów zabudowy, ład przestrzenny
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1. Introduction

An increase in the popularity of suburban areas as places of residence has triggered 
a  dynamic development of such areas in recent years. This resulted in a mass designation 
of previously agricultural land for housing development. Suburban areas with typically 
agricultural land parcellation are not prepared for adopting building development structures 
of urban character without an interference into their parcellation structure. The suburbs 
remain a sphere of urbanisation dependent on the inventiveness and financial potential of 
private investors, existing networks of technical and communications infrastructure, and 
land parcels that have not been ordered and adapted to urban planning by the procedure of 
land consolidation followed by secondary division of real estate [3]. Land management in 
conditions of the free market has relented a dash of private investors. The habitable built is 
rises without respect to planner arrangement which complement becomes a chaotic road 
system. Developer Installation is based on high-intensity building (terraced or twin buildings) 
and range communication system [8]. Residential, service and industrial functions replace 
agriculture, largely interfering with the natural environment or landscape. In the event of 
a major urban village environmentally-space problem is the destruction of identity. Using the 
directory architecture in conjunction with the division geodesic characteristic divisions in 
the country - created unreadable and chaotic urban landscape [8]. Such changes lead to the 
intensification of blurring the boundaries between urban and open landscape, and to the loss 
of the compact character of urban complexes in favour of an unspecified formation neither 
constituting a city, nor a suburb, nor a village [11].

It is worth emphasising the scale of transformations for building purposes. Impulsive 
suburbanisation – “urban sprawl” causes constant, violent growth of European urban areas 
at the expense of agricultural land and nature, disproportionately great in relation to the 
slight increase (or stabilisation) of the number of residents [1]. According to the results 
of balances of the designation of land pursuant to the binding studies of conditions and 
directions of spatial development of communes, the estimated demographic capacity ranges 
between 167 and 229 million people. The situation is similar in the case of local spatial 
development plans. Throughout the country as at the end of 2012, they allow for inhabitancy 
of 62 million people [12] in the conditions of approximately 30% cover with binding local 
spatial development plans in Poland. According to the authors of the report, a large portion 
of the land designated for building development does not meet the basic requirements for 
investments. The communes cannot afford its proper preparation. In Polish conditions, the 
procedure of land consolidation and secondary division for the purpose of preparation of 
future investment land is sporadically applied by communes, whereas self-governments 
are obliged to provide the land subject to consolidation and division with necessary water 
supply, sewage, and road infrastructure facilities at own cost. The majority of communes 
are not interested in such a solution, particularly due to the financial consequences [9]. In 
such a situation, individual divisions become the basis of property management. Lack of the 
decision on land consolidation and detailed rules of division in local spatial development 
plans does not permit control of building development. As a result, urban sprawl occurs, and 
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the resulting structures strongly deviate from the rules of spatial order. The result is chaos in 
forms of building development and architecture of urban complexes [16].

In the literature concerning the issue of suburbanisation and problems of building 
development, research particularly focuses on the issue of urban sprawl, economy of 
development of such areas, and destruction of environmental, landscape, and cultural 
values. Issues related to the comfort of life and safety of current and future residents is 
rarely investigated. Contemporary urban transformation is an effect of many economic and 
social processes in the modern world. One of them is globalisation. The process is currently 
considered as the main driving force behind the global economy. Also, globalisation is 
a combination of many different processes – including urbanisation [7]. Its effects are 
important for the space, economy, and most of all – for the society [4]. It is worth notice that 
spatial order, constituting the basis of spatial planning, also refers to the social sphere1  aiming 
at satisfying the needs of current and future generations. Moreover, one of the main tasks of 
commune self-governments is the protection of the health of residents with consideration 
of the requirements of safety of people and property. Unfortunately, spatial order exhibits 
increasing spatial divisions or “quartering” of the city between elite citadels, new locations of 
the gentry, a suburban city, a tenement city, and an abandoned city [5]. Such a city is no longer 
the result of, or even influenced by, formal, spatial and structural ideals. Urban planning and 
urban design have little if any influence on this process of urban development and change [2].  
According to Lanconte, among the ten key areas in which sustainable urban development can 
be addressed are include transportation, environment, health and social affairs [6]. Riddell 
also refers to the place of residence giving some recommendations for improving upon 
the general economic substance, the social wellbeing and the urban environments which 
comprise community living places [10]. Therefore, striving for the sustainable development 
of suburban areas, we should equally focus on creating a friendly and safe place of residence 
through a relevant shaping of parameters of building plots and their transport accessibility, so 
that they create functional structures of residential districts. It is therefore worthwhile tracing 
the spatial policy of communes in terms of the rational development of built-up areas and 
directions of transformations occurring in the areas of building development.

2. Materials and methods

The selected study area covered three communes in the suburbs of Warsaw, namely 
Milanówek, Brwinów, and Michałowice (Fig. 1), representing three different administrative 
types, i.e. urban commune, urban-rural commune, and rural commune. The selected 
communes are located in the direct zone of influence of Warsaw, on the course of the city’s 
railway lines. Therefore, they are a popular direction of the settlement of the population and 
high urban pressure. Moreover, research on communes of different administrative types and 

1 Spatial order is space development creating a harmonious whole and featuring ordered relations considering all 
functional, socio-economic, environmental, cultural, and composition-aesthetic conditions and requirements [24].
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good accessibility from a metropolitan city provides the possibility of referring the study 
results to other suburban areas of Polish cities.

The first part of the research involved the analysis of planning documents of the selected 
communes – studies of the conditions and directions of spatial development, and binding local 
spatial development plans, in terms of identification of areas requiring land consolidation and 
secondary division, and detailed specifications for divisions into building plots and transport 
routes. This provided the basis for the preparation of a statistical representation of the cover 
of the study area with planning documents, and the scope and degree of detail of planning 
regulations included in such documents.

The second stage of the study involved the assessment of the spatial structure of the 
existing building plots based on the adopted criteria. The assessment concerned selected local 
plans designating new land for single-family housing development and adapting the structure 
of land division in an unchanged state. The criterion of selection of the study areas was also 
the condition of observable changes in development resulting from planning regulations that 
can be subject to assessment. With the application of ArcGIS software by ESRI, plots not 
meeting the adopted conditions were selected (the conditions are described further in the 
article). The analysis results provided the basis for the identification of areas with conditions 
unfavourable for the development of single-family housing, leading to the development of 
uncomfortable residential district structures.

Fig. 1. Selected communes in the Warsaw Metropolitan Area together with boundaries binding in the local plans 
(source: own elaboration)
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3. Planning situation of selected communes

Pursuant to the binding act on spatial planning and development, the study on the 
conditions and directions of spatial development (study) constitutes the basic document at 
the commune level specifying in a general way the spatial policy and directions of development 
of the commune2. The specification of the purpose of land, distribution of public purpose 
investments, as well as ways of development and conditions of building development of 
land is included in the local spatial development plan [24] (local plan), constituting local 
law. Apart from the aforementioned documents, the act also introduces the instance of 
decision on the conditions of building development, and decision on the location of public 
purpose investments – administrative decisions prepared in the case of lack of a local spatial 
development plan for the purpose of specification of ways of development and conditions 
of building development of land. This article focuses on the analysis of provisions of local 
plans as documents aiming at a coordinated specification of spatial policy. Pursuant to Polish 
law, planning documents such as studies and local plans prepared under the act of 1994 [25] 
are still binding. The fact is very important for the discussion on the problems of creating 
a friendly residential environment. Pursuant to the requirements of the act of 1994, the scope 
of provisions required in documents was different than the currently binding one.

Pursuant to the legal requirement, all of the studied communes have binding studies of 
the conditions and directions of spatial development. Studies of all the described communes 
were prepared under the act of 1994. Only the Milanówek Commune is preparing an 
amendment of the study in accordance with the currently binding act. It is worth emphasising 
that the act of 1994 does not mention the necessity of indication of areas requiring land 
consolidation for the purpose of preparing land for building development. Pursuant to the 
currently binding act, the study identifies areas requiring land consolidation and division for 
which it is obligatory to prepare the local spatial development plan. The analysed studies of 
communes do not indicate any areas requiring consolidation and secondary division. Even 
a rough visual analysis of the structure of division of land for building development suggests 
that land consolidation and secondary division is necessary.

As mentioned above, local spatial development plans, constituting local law, are the 
main document at the commune level specifying the purpose of land and conditions of 
its building development. Due to this, in order to coordinate land development pursuant 
to the directions of development adopted in the study, they should cover the largest 
possible area of communes. The cover of selected communes with binding local spatial 
development plans is presented in Fig. 2. The analysed communes are covered with local 
plans in 43% to 60%. 

Although the degree of cover is higher than the mean index at the scale of the country, 
the situation is dissatisfactory. In the Michałowice Commune, 42% of the area is covered 
with plans prepared under the act of 1994, and in the Milanówek Commune – 22%. This 

2 The study is not an act of local law. The determinations of the study are binding for the commune authorities 
in the preparation of local plans [24].
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constitutes half of all of the analysed plans. Pursuant to the requirements of the act of 1994, 
the arrangements of rules and standards of building development and land development, or 
rules and conditions of land division into building plots were determined depending on needs. 
In view of the currently binding act, obliging communes to determine such regulations, this 
leads to the situation of existence in the legal system of documents regulating the same issue 
in a different scope or degree of detail.

The analysis of the completeness of the provisions of the binding local plans was performed 
in reference to requirements of the currently binding act on spatial planning and development 
and the implementing document of the act [14]. In spite of the concurrent validity of local 
plans prepared based on different legal regulations, referring their arrangements to currently 
binding provisions is justified for two reasons. Firstly, plans prepared under the old act could be 
amended adjusting their provisions to new requirements. Moreover, the scope of the required 
regulations in the binding act corresponds to the needs of the rapidly progressing development 
and necessity to control the spatial order of building development. In accordance with the 
subject of the article, the analysis of provisions of binding local plans was performed in terms 
of designation of land requiring consolidation and secondary division, as well as regulation of 
detailed parameters of building plots. The research covered all local plans of selected communes 
where land for housing development was designated – a total of 75 local plans.

First, the analysis covered the identification of land requiring consolidation and secondary 
division in the studied local plans. As was established before, studies of communes do not 
identify land for which undertaking such measures is necessary. The issue is also marginalised 
in local plans. The analysis results are presented in Fig. 3. Only two plans identified land for 
which consolidation and secondary division should be performed. Notice, however, that 
no obligation was stipulated, but only the possibility of applying such a procedure3. The 
remaining plans included provisions on lack of necessity to perform consolidations, or the 
issue was completely omitted.

3 For agricultural land or undeveloped land designated for building development in the plan, it is recommended 
to perform consolidation of the existing plots and secondary division into building plots on request and cost 
of the owners [21].

Fig. 2. Cover of communes with binding local spatial development plans (source: own elaboration)
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Next, the analysis concerned the conditions of land division into building plots. The act 
on spatial planning and development imposes the obligation of specifying detailed rules 
and conditions of property consolidation and division. Regulation [14] determines their 
scope in more detail, stipulating the obligation to specify the width of fronts of plots, their 
surface area, and angle of the location of the plots in relation to the road4. Results of analyses 
of particular specifications are presented in Figs. 4, 5, 6. According to the results of the 
analysis, the minimum width of fronts of plots was specified in the majority of local plans. 
Four plans stipulated no such specification. The maximum width of new building plots was 
not regulated in 99% of plans. Only one plan includes such a provision. Lack of specification 
of the width of plots directly affects the spatial order of the resulting building development. 
Failure in regulating both minimum and maximum widths results in plots with unfavourable 
proportions and location in relation to roads. The effects of lack of such regulations are 
presented further in the article. The situation is much worse in the case of minimum and 
maximum surface areas of new building plots. The minimum surface area was specified in 
only 41% of the plans, and regulation of the maximum surface area of plots was omitted in 
all 75 analysed plans. It should be remembered that the surface area of a plot in combination 
with the width of its front directly affects the proportions of the plot the proper regulation 
of which shapes the spatial order of building development. It is also important that in many 
plans, in spite of regulation of particular issues, ambiguous provisions often appear, leaving 
a lot of freedom for investors to adjust such parameters to their own needs. This concerns both 
the change of the width of fronts of plots5 and their surface area6. The angle of the location of 

4 Specifications concerning detailed rules and conditions of land consolidation and division should include the 
specification of parameters of plots obtained as a result of land consolidation and division, and particularly 
minimum or maximum widths of fronts of plots, their surface area, and angle of location of boundaries of plots 
in relation to the road belt [23].

5 Widths of the front of plots resulting from the division other than those determined above are accepted under 
the condition that the dimensions of the plot resulting from division allow for the provision of pedestrian 
and road access, and for location of building objects in accordance with separate provisions, keeping the 
specifications of the plan concerning the biologically active surface [20].

6 It is accepted to reduce the minimum plot surface area specified above by not more than 20% in cases justified 
by complicated conditions of location of investments on particular properties or in their vicinity [19].

Fig. 3. Comparison of local plans in terms of identification of land requiring consolidation  
and secondary division (source: own elaboration)
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plots in relation to the road belt was specified in less than 30% of plans. A major part of the 
plans including such a provision adapted the current plot layout without interfering in their 
orientation78. This type of provisions does not properly shape the spatial order of building 
development. Located on plots at an acute angle, it cannot form coherent building lines. The 
fact of the specification of the angle of the location of plot boundaries in accordance with the 
actual state at an acute angle suggests the necessity of regulation of the plots for the purpose 
of ensuring appropriate investment conditions.

7 Angle of location of plot boundaries in relation to the line designating the road: from 60 degrees [17].
8 Angle of location of plot boundaries in relation to the road belt of the Pruszkowska Street: from 50° 

to 130° [20].

Fig. 4. Comparison of local plans in terms of specification of the width of fronts of building plots  
(source: own elaboration)

Fig. 5. Comparison of local plans in terms of specification of the surface area of building plots  
(source: own elaboration)
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To sum up this part of the analyses, the scope of specifications concerning building plots 
is not satisfactory. The issue of land consolidation and secondary division is marginalised. 
Many plans include provisions permitting land consolidation and division adjusted to the 
needs of plot owners. This suggests lack of detailed analyses of the parcellation structure of the 
land at the stage of preparing plans. Failure to identify land requiring regulation of the spatial 
structure of plots, and leaving the decisions to private owners does not ensure the spatial order 
of building development. The situation is similar in the case of regulation of land division into 
building plots. Many specifications in the plans depend on the ownership situation adapted in 
an unchanged state. The fact of omitting certain specifications results from the impossibility of 
their determination without land consolidation and secondary division, as evidenced further 
in the article. Parts of regulations corresponding to the current state of land development lead 
to the intensification of spatial chaos instead of ensuring spatial order. The scope and way of 
formulating planning specifications in the analysed plans suggest a lack of interest of communes 
in the improvement of the conditions of building development, and a lack of understanding 
of the need to obtain a spatial order. Communes focus on “producing” new investment land 
without incurring costs related to land consolidation and secondary division.

4. Assessment of the parcellation structure of investment land

The assessment of the spatial structure of building plots covered one local plan for each 
commune. The selection criterion was the designation of land for single-family housing 
development in the plan, and commenced implementation of divisions and investments 
pursuant to the provisions of the plans. The assessment concerned not entire plans, but only 
fragments the degree of investment of which was possible to assess based on the adopted 
criteria. Figure 7 presents land selected for assessment. The analysis covered a total of 
875 plots from three local plans (605 in Żółwin in Brwinów Commune, 166 in Komorów in 
Michałowice Commune, and 104 in Milanówek).

Fig. 6. Comparison of local plans in terms of specification of the angle of the location  
of boundaries of building plots in relation to the road (source: own elaboration)
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For the purpose of assessment of building plots in terms of conditions they provide for 
building development, the following criteria were adopted:

 ▶ the building plot is accessible by an internal road not regulated in the plan, not meeting 
technical requirements for public roads;

 ▶ the building plot is oriented with its longer side towards the road;
 ▶ the building plot has unfavourable elongation making its development difficult.

Pursuant to the provisions of Polish law, both a newly designated land plot [23] and 
any building plot [13] must have access to a public road. Transport accessibility of built-up 
plots is also necessary for the comfort of their use by residents and ensuring access for order 
services, particularly emergency services. Provision of comfort and safety is related to the 
technical parameters of roads. In a situation of lack of implementation of land consolidation 
and secondary division, designing the development of the transport network is very difficult. 
It usually involves the purchase of land belonging to many owners. Moreover, lack of 
coordination of building development on narrow agricultural fields often makes it impossible 
to design an efficient transport system. In such a situation, communes frequently forgo 
the designation of public roads in local plans, making the transport accessibility of plots 
dependent on internal roads. This also results from the fact that communes do not want to 
bear the costs of construction of public roads constituting public purpose investments. Such 
a solution, however, has two serious drawbacks. Firstly, provisions specifying parameters 
of roads, guaranteeing the comfort of their use and safety, refer to public roads, excluding 
internal roads9. Secondly, pursuant to decisions of administrative courts, the designation of 
the course of internal roads in a local plan can be exclusively indicative, and cannot constitute 
a specification of the plan. Due to this, internal roads constructed by private owners within 
their own plots remain entirely dependent on the decisions of investors both in terms of 

9 Roads, cycling paths, parking lots, and areas dedicated for vehicle traffic not included in any category of public 
roads and not located within the road belt of such roads are internal roads [22].

Fig. 7. Selected building plots subject to analysis (source: own elaboration)
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their course and parameters. The analysis of the selected plots assumed that pursuant to legal 
provisions, internal roads should have a width of at least 5 m10, and in the case of a dead end 
of a road providing access to more than four plots, also a turning area. The second condition 
was determined based on provisions concerning public roads11 and experience of the author 
of this article. Results of the analysis are presented in Figs. 8, 9.

Among the analysed plots, 25% feature transport system not meeting the conditions. 
This concerns as much as 34% of newly designated plots in the Brwinów Commune. This 
results from the fact that apart from several main public roads, the transport system in the 

10 It is accepted to provide pedestrian and road access to building plots in the form of a lane for pedestrian 
and motor traffic under the condition that it has a width of not less than 5 m, enabling pedestrian traffic and 
movement, as well as parking of vehicles [13].

11 In the case of a dead end of a class L or D road, a turning area is constructed for vehicles [15].

Fig. 8. Building plots accessible through private internal roads not meeting technical conditions  
(source: own elaboration)

Fig. 9. Comparison of building plots accessible through private internal roads not meeting  
technical conditions (source: own elaboration)
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local plan of the Brwinów Commune is based on the system of private internal roads. In spite 
of the indicative specification of their course in the plan, including manoeuvring areas, their 
designations on land are different. This results from the causes listed above. It is also worth 
emphasising that in the majority of cases, the roads met the condition of width (although 
roads with a width of less than 4 m also occurred), but the majority of them did not have 
a manoeuvring area at the end. It is of high importance from the point of view of access of 
order and emergency services to built-up areas. The use of roads with a width of 5–6 m and 
length of approximately 350 m (often providing access to approximately a dozen building 
plots) is very difficult, and often impossible due cars parking on the road. They also make 
it impossible for large vehicles of e.g. Fire Brigade to turn around within the area of the 
road. Road congestion can be therefore a serious safety threat for residents of new districts. 
Moreover, too narrow roads often make it impossible to provide technical infrastructure, 
usually located within the road belt.

The second aspect not regulated by any legal provision and resulting from good urban 
planning practice is the orientation of the building plot in relation to the road. For the purpose 
of ensuring a zone of intimacy and rational development of a plot, it should be oriented with 
its shorter side to the road. This provides for the following pattern: front garden along the 
road with a parking space for cars in front of the garage, residential building, and garden 
at the back of the house ensuring privacy. Unfortunately, adapting a typically agricultural 
layout of plots for building development purposes in many cases makes such development 
impossible. Largely elongated plots with a width of a dozen or several tens of meters, divided 
across into building plots, force a different layout. For this purpose, communes should specify 
the minimum and maximum width of the front of plots in local plans. As was evidenced in 
the earlier analyses, the specification of the minimum width of plots in the analysed plans 
is common, but the maximum width is completely disregarded. This results from the fact 
that in the case of imposing the maximum front of plots and their minimum area, it would 
be impossible to designate plots meeting such conditions. The result is the orientation of 
plots with largely elongated sides towards the road, as presented in detail by results of the 
performed analyses in Figs. 10, 11. More than 30% of the analysed plots have improper 
orientation, whereas only in Milanówek they constitute more than 87% of the analysed 
plots. The designated plots include those with a front width exceeding 60 m and length of 
approximately 20 m. Due to such orientation, gardens are located on the side of the house on 
the road, largely limiting privacy. Moreover, the unfavourable parameters of plots determine 
the architecture of buildings which also need to be elongated towards the road, negatively 
affecting the harmony of building development and landscape values.

The elongation of a plot is closely related to its orientation and surface area. It informs 
on the ratio of length to width. As was determined above, a plot should be oriented with 
its shorter side to the road. The proper ratio of sides is equally important. It determines the 
comfort of use of the plot. Both the value of the width of the front and elongation must be 
adjusted to the type of implemented building development – detached or semi-detached. The 
study focused on detached housing development as the dominant type in the analysed area. 
The model elongation of such plots is 1:2 (two squares), providing favourable conditions of 
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use with simultaneous maintenance of rational parameters of plots in the context of spatial 
order. The analysed plans determine the minimum width of building plots for 20 m and 
minimum surface area for 1000–1500 m2. The maximum front of plots or their maximum 
surface area was not specified. The analysis adopted the maximum front of plots of 30 m and 
the surface area specified in the local plans. The assumed parameters provide elongations 
from approximately 1:1 to 1:3. Elongation of more than 1:3 was adopted as unfavourable. 
The results of analysis based on the adopted criteria are presented in Figs. 12, 13. 6% of all 
plans do not meet the condition. In Milanówek, the contribution is 24%. This results from 
the considerable elongation and low width of original plots, and minimum surface area 
specified in the plan for 1500 m2. In the Brwinów and Michałowice Communes, plots were 
more proportionate, and the minimum width of building plots determined in the local 
plans amounted to 1000 m2, and in some cases to 800 m2. It is worth paying attention to the 
occurring extreme elongations, e.g. 1:6 in Milanówek. Such parameters are desirable in the 
case of agricultural plots, but they provide no comfort of use of built-up plots. The obtained 

Fig. 11. Comparison of building plots oriented with the longer side to the road (source: own elaboration)

Fig. 10. Building plots oriented with the longer side to the road (source: own elaboration)
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results were also compared to results of the analysis based on other values of the criteria, i.e. 
approximate to model values – below 1:1.5 and above 1:2.5. Only 33% of all of the analysed 
plots are approximate to model ones. This shows a considerable variability of elongations of 
plots in the study area. In addition to the comfort of use, it also has a substantial effect on 
the harmony of building development which cannot be maintained in a context larger than 
building development located along one internal road.

Fig. 12. Building plots with excessive elongation (source: own elaboration)

Fig. 13. Comparison of building plots with excessive elongation (source: own elaboration)

5. Summary and conclusions

To sum up the results of the analyses, a statistic of plots not meeting one or more criteria 
was obtained. The results are presented in Figs. 14, 15. 
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Almost half of the plots do not meet at least one of the specified conditions (87% in 
Milanówek). Considerable differences are observed between particular towns. This results 
from differences in the scope of specifications stipulated by particular local plans and 
original structure of land subject to division. In the Brwinów Commune, plots designated 
for building development had more favourable parameters than in the remaining communes, 
but the transport system was not properly designed. The Milanówek Commune regulated the 
transport system in a complex way, but lack of consolidation of plots with extreme elongation 
did not permit the designation of rational building plots. The situation is relatively good in the 
Michałowice Commune. Building plots here, however, were designated through cross division 
of two or more neighbouring plots. Whether the plots belonged to one owner or plots of several 
owners were consolidated and divided at their cost is not known to the author of this article. 
The example confirms the thesis that performing land consolidation and secondary division is 
necessary also according to landowners. Moreover, results of the analyses and conclusions for 
their particular parts present difficulties in the development of plots with improper parameters 
and transport accessibility. The plots create substandard district structures not providing 

Fig. 14. Building plots not meeting the adopted assessment criteria (source: own elaboration)

Fig. 15. Comparison of building plots not meeting the assessment criteria (source: own elaboration)
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a basic level of comfort expected from private investments. The way of development of the 
area can also cause a threat by obstructing access for emergency services. Finally, it is worth 
emphasising the fact of the destruction of spatial order and landscape through chaotically 
implemented divisions and building development. Similar analyses should become the 
basis for works at the stage of preparation of local spatial development plans in terms of the 
determination of usefulness of land for housing development. Currently, communes are 
reluctant to perform land consolidation and secondary division. They only attempt to force 
the adjustment of plot parameters to ownership conditions to enable building development 
of new areas irrespective of the effects. This fact is confirmed by analyses discussed in the 
first part of the article. Omitting certain regulations such as the maximum width of fronts of 
plots or their surface area results from lack of regulation of land parcellation. Determining all 
parameters in accordance with the commonly adopted standards would result in the actual 
exclusion of land from building development. The study shows lack of thorough analyses and 
understanding of the needs of maintaining spatial order.
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“A city […] is where strangers meet;
where new ideas are formed in a public space.

The city is a common denominator.”

Richard Sennett

A vast majority of people have created, in their mind, an idealized image of a city in which 
they would like to live. For most, that city is aesthetically stimulating, clean, safe, wealthy in 
efficient public services, economically, culturally and educationally diverse; as well as devoid 
of racial, economic and ethnic divisions. But, that same majority will agree that this is not the 
city in which they live. The condition of world’s cities rarely meets the expectations of urban 
dwellers and is often the reason for their dissatisfaction and frustration.

The Principal Urban and Architectural Commission (Główna Komisja Urbanistyczno- 
-Architektoniczna) set up on behalf of the Ministry of Infrastructure and Construction 
believes that spatial development in Polish cities is in a state of clearly visible and palpable 
crisis [1, p.16-34]. Many urban planners agree that the art of urban design drastically declined 
at the turn of the 20th and 21st centuries. Paradoxically, urban environments created during 
previous centuries are often more flexible, durable and interesting than those established 
by modern planners, who surrounded by an arsenal of technological tools (from lighting, 
microclimate control to engineering and material inventions) lack legal avenues allowing for 
effective management of urban development. The Commission claims that European laws 
and policies are not being respected in the development of modern Polish cities. Ignored 
are, among others, the provisions of the Landscape Convention adopted by the Council of 
Europe in Florence in October 2010, as well as the provisions of the Leipzig Charter, which 
recommends special attention to urban space, of any size, as it encompasses irreplaceable 
economic, social and cultural values [1].

The result of such lawless behavior is a visible lack of cohesive urban fabric, low standards 
of urban infrastructure (especially in the newly built residential and office developments), 
chaotic commercial areas, insufficient and random parking system (often contributing to 
paralyzed vehicular traffic), streets littered with advertising and an overall devastation of 
heritage – both environmental and cultural. Additionally, due to the lack of legal venues 
which allow control over the quality of architectural assets (development meets only basic 
requirements of Local Spatial Plan (Miejscowy Plan Zagospodarowania Przestrzennego 
– MPZP and historic preservation requirements)), lack of public participation and lack of 
coordination with infrastructural investment and economic appropriations, planning takes on 
a solely administrative and technical form. The observed crisis is a direct result of insufficient 
coordination of investment projects exacerbated by a lack of consistency in supervision and 
enforcement of spatial development principles. Such development does not protect the public 
interest and significantly impedes the functioning of the city, reducing the quality of social, 
cultural and economic space. Understandably, urban development ought to be based on the 
paradigm that any urban space, also private, is a public matter. The Commission believes that 
in order to ensure urban development in harmony with the principles of sustainability and 
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protection of cultural wealth contained within the urban tissue, it is necessary to create coherent 
and thoughtful spatial plans, in accordance with European and national laws. Such development 
enables coordination of investment processes thus avoiding disputes and conflicts and ensures 
a consistent implementation and enforcement of development plans. This is, of course, only one 
of the methods of managing the city’s growth. There are examples of cities where other methods 
of control have proven successful. Houston, Texas can serve as one of the examples of such cities. 
Houston successfully developed without a zoning ordinance producing a well-formed urban 
center rich in interesting architecture, public space and cohesive streets. The development of the 
city is based on economic factors exemplifying traditional free market rule, where the control 
over land use of private land is considered unlawful. However, is important to remember, that 
a lack of ordinance does not eliminate the requirement to follow and enforce national and local 
building codes and requirements [13, p. 31–34].

Weather with or without zoning, cities have their genesis in a global need to create human 
clusters with a greater density of inhabitants, a need for intensification of interpersonal 
contact as well as an increase in productivity and creativity outside of agriculture. Cities are 
inhabited by people with a diverse cultural and social structure, employed mainly in trade, 
industry, services and crafts. Despite the fact that city dwellers share huge cultural differences 
and geographical distance, and the cities they have created differ in layout, function or size –
their components, method of use, social meaning and general outline vary minimally. Despite 
vast distances separating towns and cities in various parts of the world, industrial, transport 
(air, port, railway), service, religious and tourist cities have a global presence. The size of 
the city determines the per capita income of its inhabitants; size influences their creativity 
(statistics show that a higher number of inventions and patents is filed in larger cities) and 
their productivity – in large cities, residents work more efficiently; including walking at 
a faster pace [11]. Large urban centers, with a high concentration of residents, allow for a more 
efficient use of infrastructure, as there are fewer roads, pavements, gas stations, cables, water 
and sewage pipes for every inhabitant. Unfortunately, along with size and density comes an 
increase in criminal activity as well as higher morbidity (for example: large cities have a higher 
number of AIDS cases) as well as challenging administration due to the vast diversification 
of residents’ needs.

The unique characteristics of urban residents, mentioned above, did not appear 
immediately but rather followed the lengthy and gradual development of large cities, which 
dates back to the fourth millennium BC. A better documented, global proliferation of cities 
intensified during the Middle Ages giving rise to new city laws and innovative spatial concepts 
of urban development. The Muslim cities and large cities of the Far East (Beijing) experienced 
a similar development as European cities of that time. Unfortunately, a lack of knowledge 
about the consequences of dynamic urban development, especially in the area of public 
hygiene and ecology led to the stratification of urban population and an economic division 
of the central district and workers’ districts, causing insufficient organization and unhealthy, 
toxic living conditions in narrow tenement houses, basements, mansards or overcrowded 
outbuildings.
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The second half of the nineteenth century had a significant impact on the way many modern 
cities were shaped. In order to repair the urban tissue created as a result of the rapid and marginally 
controlled urban development of the previous centuries, new concepts of urban development 
began to be implemented. They consisted predominantly of separating burdensome urban 
functions (such as industry) from less onerous zones (service or residential) and by creating 
land use sections based on functional zones. In the 1920s, a committee, which adopted the name 
Congres International d’Architecture Moderne (CIAM), was formed under the leadership of 
world’s pioneers of architecture and urban planning such as Le Corbusier, Walter Gropius and 
Mies Van der Rohe. Their ideas and new knowledge about public health translated into concepts 
of modern urban design and were written in the Athens Charter (Charte d’Athenes) adopted in 
1933 at the CIAM congress in Athens. These ideas, such as the garden city (Ebenezer Howard, 
Letchworth, England), gave shape to new urban units, which were built according to the rational 
standards of a healthy living space established at that time, transferring urban residents from 
outdated urban development to modern, well communicated, organized and hygienic buildings 
– a city was ready to serve many different people [7].

Fig. 1. Ait-Ben-Haddu – Morocco – Africa,  
source: ancient Origins, 17/03/2015,  

http://www.ancient-origins.net/ancient-places-africa/
ancient-fortified-ksar-ait-ben-haddou-awaits-return-

desert-traders-002780)

Fig. 2. Matera – Italy – Europe, source: The Guardian, 
17/06/2017, https://www.theguardian.com/

world/2017/jun/17/matera-italy-culture-capital-cave-
homes-from-squalor-to-airbnb-film-sets)

Fig. 3. Khiva – Uzbekistan – Asia, source: Dreamstime, 
(https://www.dreamstime.com/stock-photo-eastern-

architecture-central-asia-ancient-city-khiva-bird-
s-eye-view-top-turquoise-roof-mosque-pahlavan- 

image67776861)

Fig. 4. Matchu Pitchu – Peru –South America, source: 
UNESCO, http://whc.unesco.org/?cid=31&l=en&id_

site=274&gallery=1&index=25&maxrows=12)
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After the Second World War, urban development focused on the reconstruction of 
cities destroyed as a result of hostilities and on their simultaneous modernization based 
on previously implemented theories. The city as a functional unit was to provide housing, 
work, rest and transit. Housing, however, held the most important position in urban design. 
Its surroundings included open space for recreation, and a place of work within close 
proximity. Communication serving as a connector between these functions was of secondary 
importance. However, the constant influx of people and the popularization of automobile 
meant that city boundaries were increasingly redefined and existing communication systems 
proved to be insufficient. Lacking thruways, speedways and adequate parking cities began to 
“choke”, giving rise to a “city for cars” equipped with multi-lane expressways and non-collision 
intersections. In addition to wide arteries, thruways and access routes, in many cities in the 
world and most European cities, modernists introduced large-scale multi-family housing 
developments, or colloquially speaking, “blocks of flats”. Those generated a new series of 
challenges for contemporary urban planners concentrating a large population in one place. 
Urban planning goals of sustainable development, maintaining the city’s identity, providing 
a sense of security, intensive social life and efficient healthcare proved to be a difficult challenge 
for contemporary urban planners, just as they were during the entire long history of the city. 
The goal of contemporary planners, like in previous periods, is to regulate and streamline 

Fig. 5. Vienna, Austria 1880-1919, source: August 
Stauda, Wikimedia Commons, https://commons.

wikimedia.org/wiki/File:Alsergrund_um1900.jpg)

Fig. 6. London, Great Britain, turn of the century, 
source: historyextra.com

Fig. 7. Chicago, Illinois, turn of the century,  
source: dcc.newberry.org

Fig. 8. San Francisco, California, turn of the century, 
source: pintrest.com
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development processes and mitigate conflicts which arise during urban growth. Knowledge 
about urban development and residents’ needs increases with time, but remains insufficient 
as controlling urbanization also requires enormous financial expenditure and relies heavily on 
effective management methods.

In Poland, an unstructured system of spatial management, described by the Architectural 
and Urban Commission, entails many undesirable social problems, which include pathologies, 
frustration or conflict – all resulting from social alienation caused by difficult communication 
in urban centers, closed suburbs, lack of attractive green areas, public space or public services. 
The disorder in spatial management consisting of inadequate coordination of construction 
projects, disorderly building placement along main roads and arteries as well as general chaos 
of the architectural forms originates in a lack of enforcement of regulations controlling urban 
development. This causes inefficient infrastructural expenditures, unforeseeable and thus 
unprofitable development of public transport and reduced appeal for investors resulting, 
consequently, in unfavorable demographic processes, and above all, deepening depopulation 
of centers in favor of suburban areas [9].

Rehabilitation of existing urban fabric offers a partial solution to the objectionable 
development direction. Existing historical buildings, often a context for the development 
of further components of the city, can influence formal and functional transformation.1 The 
historical buildings of the city centers devoid of their original program become balanced 
by mitigating the waste associated with their demolition or, alternatively, the phenomenon 
of sprawl. However, they must be subject to certain functional, technical and technological 
adaptations, changes in ownership structure and an improvement of the surrounding public 
space. In many Polish cities, the ownership situation is the biggest obstacle standing in a way 
1 Let’s remember that the Krakow Market Square was not built as a multi-story hotel and shopping district. It 

achieved its current look as a result of a multigenerational process of transformation and adaptation of existing 
urban tissue.

Fig. 9. Plan Voisin – Le Corbusier, source: Wikimedia, 
https://commons.wikimedia.org/wiki/File:Plan_

Voisin_model.jpg

Fig. 10. Krakow’s multifamily dwellings of the 60’s 
and 70’s, source: Dziennik Polski, http://www.
dziennikpolski24.pl/artykul/2869280,krakow-

rozpocznie-wielki-program-modernizacji-
blokowisk,id,t.html
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of successful adaptations and modernization. In the United States, the expropriation right for 
the benefit of public interest is a helpful solution; the law makes it possible to take over private 
property if it constitutes a special social need.

At the same time, the revitalization of existing urban tissue must take place in a way 
that does not further contribute to the degradation of infrastructure, communication 
capabilities and the quality of public space. An example of an undesirable direction in the 
field of revitalization may be the creation of hundreds of thousands of square meters of 
office space in the very center of Krakow; in places where communication and parking 
are already a major challenge for current inhabitants and other users. The scale of new 
investments must depend on the possibilities of existing infrastructure. Development of 
such as large-scale business parks or multi-thousand-inhabitant housing estates, should be 
created outside historical urban centers, as was the case with the Paris office-exhibition-
residential-commercial district – La Defense. Krakow’s “La Defense” could be created, for 
example, in a place like the old foundry plant (Kombinat), and be part of the revitalization 
project connecting the areas of the former steelworks to the city. Smaller scale projects 
using today’s technological capabilities could be created in the historic center, where the 
infrastructure allows for unburdened use. 

Fig. 11. Kraków – Młyńskie Circle, source: http://krakow.
naszemiasto.pl/artykul/krakow-sledczy-zbadaja-jak-wydano-

zgode-na-wysoki-biurowiec,4089841,art,t,id,tm.html

Fig. 12. Pawia Street, Kraków, source: https://krakow.
onet.pl/gazeta-krakowska-zabetonowana-przyszlosc-

ul-pawiej/fsc8f

Fig. 13. Kraków – Pawia Street, proposed 
office development, source: Gazeta 

Wyborcza. http://krakow.wyborcza.pl/
krakow/1,35812,16608979,Nowy_biurowiec_gigant_

powstanie_przy_Pawiej_w_Krakowie.html

Fig. 14. Kraków – Mogilskie Circle, office 
development, source: http://europe-re.com/

skanska-launches-second-office-project-krakow-
poland-pl/47945



30

In Phoenix, the general plan regulating the type, scale and quality of build environment 
is very carefully enforced. Thanks to this, contemporary development is consistent, 
especially considering the urban origins of Phoenix, where on low-cost land there has been 
an uncontrolled sprawl of single-story buildings. Planners in charge of urban development 
decided to change the city’s character by implementing the ideas of sustainability into 
the city’s General Plan, thanks to which, a new center emerged. The streets are defined by 
coherent structures and functional public space. European traditions of the commercial 
street combined with the American vehicular addiction harmoniously co-exist. Alongside 
automotive conveniences, such as wide arteries or below and above-ground parking, 
a diversified public transport continues to develop. It is worth noting that a harmoniously 
functioning city center depends to a large extent on traffic flow. The efficient use of multi-
story parking garages eliminates the need to search for space while maintaining the fluidity 
of vehicular flow. The availability of parking, diversified public transportation and pedestrian 
pathways within the strict city center relieve congestion and facilitate transit.

Living for a part of the year away from Phoenix, in the center of Krakow, I observed that I need 
a car very sporadically, but I do own a car. Furthermore, all my neighbors own cars. The car is and 
will be a part of human culture for many decades to come; its propulsion system may change, 
it may become autonomous, but everything seems to indicate that it will not disappear from 
the streets. Therefore, eliminating parking spaces in cities or designing apartment complexes, in 
places where regulations allow for the construction of less than one parking space per housing 
unit is a lack of understanding of human nature and the law of diffusion of innovation2 and is 
responsible for such problems as observed in Krakow’s Zabłocie, Czyżyny or the Old Town 
(Stare Miasto). It does not matter how beautifully harmonized is the urban layout, how well 
designed the architecture and surrounding open space, if the streets are littered with cars parked 
or immobilized by traffic it creates chaos, disorder and frustration. 

2 The theory of diffusion of innovation seeks to explain how, why, and at what rate new ideas/innovation spread. 
The ideas/innovation must be widely adopted in order to self-sustain but only a small number of people is willing 
to adopt new ideas most follow what is tried and true. Using a car to move around is the standard behavior.  

Fig. 15. Inadequate number of parking spaces in 
one of Krakow’s residential developments, source: 

Gazeta Wyborcza, http://krakow.wyborcza.pl/
krakow/1,44425,21065825,nowe-parkingi-p-r-w-

krakowie-gdzie-szykuja-sie-przesiadki.html

Fig. 16. Chaotically parked cars on the streets of 
Kraków, source: http://krakow.naszemiasto.pl/

artykul/krakow-drozsze-parkowanie-w-centrum-
nawet-9-zlotych-za,4051342,art,t,id,tm.html

https://en.wikipedia.org/wiki/Theory
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In the very center of Kraków, it can take even 40 minutes to find a parking space near one’s home. 
Both residents and visitors often have no choice but to circle in search of the ever more valuable 
parking space. At the same time, parking spaces are eliminated in order to move vehicles farther 
away from the Old Town area, encourage pedestrian traffic and introduce more greenery to the 
center. And yet, the inhabitants of the center, the most ecological inhabitants of the city, who have 
taken over the existing tissue and urban infrastructure, without contributing to the phenomenon 
of sprawl should have the same rights and access to parking as other residents. Let’s consider what is 
worse; cars that efficiently enter and leave readily available parking after completing their business 
in the center or those circulating and obstructing the flow of traffic in the narrow streets of the Old 
Town area? Parking garages of any kind (both underground and above-ground) inside the Old 
Town area are often met with loud objections. However, they are necessary and successfully exist 
in cities such as Paris or New York, as well as in many other historic cities. Properly located, they 
allow cars to be off the streets and provide a safe and comfortable space for pedestrians. Limiting 
parking spaces in the center seldom gives the desired results. Before the parking reform in the 
center of Paris, numerous attempts showed that limiting the number of spaces instead of reducing 
the number of cars in the streets caused a significant slowdown in traffic [2].

Fig. 17. Manhattan – West Side Theater 
District parking locations, source: http://

downtownmanhattanbeach.com/mapparking/

Fig. 18. Multistory parking in Manhattan, source: New 
York Times, http://www.nytimes.com/2007/02/25/ 

automobiles/25PARK.html

Fig. 19. Central Paris, underground parking in the 
center of the city, source: ParkClick, https://parclick.

fr/parking-paris?q=Paris&lt=48.8566&ln=2.352
2&z=14&df=2017-12-31+10:00&dt=2017-12-

31+12:00&ft=1

Fig. 20. Parking entrance in the historic center of Paris, 
source: Wikimedia, https://commons.wikimedia.org/wiki/

File:Parking_garage_in_Paris,_France_2010.jpg
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An example of efficient parking is Manhattan, where residents have learned to reserve 
a place near their destination. Despite the large number of cars and very intensely knit urban 
fabric, the parking problem in Manhattan was effectively solved thanks to technology.

In many cities, innovation offers systemic solutions which help improve the functioning 
of cities, or increase their attractiveness. Contemporary American cities, especially new ones, 
do not negate the car era, at the same time experiencing a return to a classic definition of 
the urban fabric. It can be observed in the high-quality public space and a high spatial order 
achieved through clearly defining street and square interiors, giving a rank to elevations and 
edges as well as differentiating scale. The result is an urban arrangement striving for harmony, 
orderliness and proportionality. Urban planning based on the creation of a positive and 
negative urban space begins to replace the once typical American cities, devoid of modulation, 
with a concentration of functions along or at the intersection of streets. In conjunction with 
effective communication, such urban space can serve as an example of urban planning for the 
future. Coincidentally, the urban coherence of Phoenix’s center (as well as many other cities) 
is partly due to the reluctance of municipal authorities to carry out drastic spatial experiments. 
Experimentation is often entombed in a long list of rules and provisions bringing context and 
repetition to the forefront as a weapon against unnecessary spatial experimentation.

Fig. 21. Typical commercial street of the 1980’s in 
Phoenix, Arizona, source: Pintrest.com 

Fig. 22. Phoenix, Arizona – new residential 
development in downtown Phoenix, source: High 

Street AZ http://www.highstreetaz.com

Fig. 23. Phoenix, Arizona, modern urban fabric 
downtown, source; High Street AZ, http://www.

highstreetaz.com

Fig. 24. Phoenix, Arizona  – public space – Civic Space 
Park, source: Pintrest.com
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New, to cities like Phoenix, elements such as multi-family housing and retail buildings 
incorporated between the existing office structures revitalize the once deserted downtown. 
Their higher density and spatial variety give character to the frontage and defines the 
image of the street. Going beyond the downtown, they displace single-family housing, 
which during the urban boom of recent decades created extensive suburbs, contributing 
to the negative phenomenon of sprawl. However, all these projects are accompanied by 
one common denominator. Rational spatial development is based on and faithfully follows 
clearly defined building and zoning plans, which sets principles for the type of buildings, 
location, height, energy efficiency, traffic, parking or infrastructure determined, in such 
a way as not to interfere with the use of existing urban structures. The urban development 
carried out in such a manner by city authorities are inseparable features of sustainable 
urban development. In the urban layout of the city of the future, the public zone not unlike 
the stage in a theater is a backdrop for a spectacle with the participation of residents, where 
strangers meet, giving each other a sense of security while maintaining anonymity. At 
a time when technology has modified the concept of place and interpersonal relationships 
– the emerging public space appears also in the virtual world, just as much as in the 
physical space – its attractiveness consists of simultaneous familiarity and anonymity – the 
possibility of free exchange of views, freedom of speech, dress and behavior. Here, the high 
density of population (greater anonymity) becomes a guideline for the development of the 
city of the future.

With a high density of population and an awareness that no city in the world has managed 
to completely void itself of cars, many European cities like Paris or London, and on the other 
side of the ocean – Phoenix, as well as particularly affected by vehicular traffic – New York 
managed to encourage car owners to change the type of vehicle or the use pattern to improve 
the aero-sanitary and traffic conditions of the city. The above-mentioned cities (maybe 
until recently, with the exception of Phoenix) enjoy diversified public transport that gives 
inhabitants the opportunity to move around without a car. In each of these cities, however, we 
notice intense vehicular congestion, especially during rush hour. This means that a large group 
of residents is not interested in using public transport and are ready to expose themselves to 
frustration associated with standing in traffic just to use their own car. The automobile is in 
the nature of generations X and millennials. For many, a car is a symbol of status encoded in 
their personal culture; it is their business card, a serotonin spike. Understanding this need, 
Paris authorities encourage motorists to make subtle and gradual changes consisting, initially, 
of avoidance of cars on certain days of the week, followed by a ban on moving around Paris by 
vehicles older than 20 years and by 2040 a complete elimination of combustion vehicles. In 
many European cities, Paris among them, on street short-term car rental (Let’s Go, Autolieb, 
Getaround, etc.) substitutes, for many, the necessity to own a car. These small modifications, 
considered drastic by many motorists, still do not propose the elimination of vehicles from 
the city and are coupled with constant improvements and modernization of public transit and 
the availability of adequate parking [2]. Previously described access restrictions or reductions 
in available parking do not convince those for whom the need for independence achieved by 
moving in their own car is culturally encoded.
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Phoenix, which, despite many changes in the development plan aiming at concentrating 
the urban tissue and creating pedestrian zones alongside multiuse buildings, will probably 
never be a pedestrian city. Authorities, knowing they would not be able to eliminate vehicular 
traffic, instead introduced a series of conveniences for electric cars and carpools. Both are 
privileged to use additional traffic lanes (intended for public transport vehicles, carpool and 
alternative fuel cars) as well as preferred parking spaces. Charging stations are located in every 
shopping center and inside public parking garages. Instead of acting against human nature, 
cities become ecologically responsible as a result of change rather than elimination.

Fig. 25. Phoenix, Arizona, electric charging station 
inside a retail center in Phoenix, source: Inside EVE, 
https://insideevs.com/volta-industries-approaching-

500-charging-station-across-the-us/

Fig. 27. Phoenix, Arizona, parking infill project, filling 
in between office buildings in downtown Phoenix, 

source: Kovach Construction, www.kovach.com

Fig. 26. Phoenix, Arizona, city highway with a HOV 
lane for cars transporting more than one person and 

alternative fuel vehicles including electric, source: 
Trip Savvy, https://www.tripsavvy.com/rush-hour-

commute-times-east-valley-4050517

Fig. 28. Pedestrian tract alongside Central Avenue, 
a downtown Phoenix main street, source:  

www.coldwellbankerhomes.com/az/phoenix/2323-n-
central-avenue/pid_24272458/

Vehicular traffic within city centers (historic or not), which for the past decades has been 
generating much controversy, also generates innovative architectural and planning solutions. 
Growing cities and their increasingly denser population, often accustomed to vehicular 
commute, constitute a societal, planning and ecological threat. That threat, many claim, can 
only be alleviated through a minimization of car use. However, many designers see parking and 
vehicular traffic as necessary to the life of a city and the fulfillment of modern societal needs. 
They, however, view those functions as convertible elements, dependent on necessity and 
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changeable in response to fluctuating conditions. This view seems to mimic the way historic 
centers function, inheriting new functions they become convertible in order not to be obsolete. 
Once we consider an urban framework to be permanent, it becomes a dinosaur, whose extinction 
is inevitable. Shanghai streets, built 10 years ago, today are devoid of urban logic and subject only 
to demolition and reconfiguration. However, in many cities, such an approach is considered 
unsustainable and ecologically irresponsible. In an effort to avoid creating such dinosaurs, New 
York architects consider the possibility of multifunctional urban fabric – convertible based on 
the city’s needs and parking lends itself famously to such considerations. A competition for 
the most innovative parking structure projects offered valuable special solutions in addition to 
providing creative functional space. These projects embellished surrounding urban fabric by 
introducing public space, interesting form and technology into a mundane use. The first place in 
the competition was awarded to a Manhattan Midtown West project which combined parking 
with public garden space on the roof of the structure as well as a cemetery (for many valuable 
in close proximity) in the lower levers of the structure. Additionally, areas of the parking were 
convertible to storage space based on need [4]. Most projects, maintained the vehicle as part of 
city life and ongoing global urbanization without creating massive vehicular graveyards within 
suburban areas (such as proposed by the idea of “park and ride”, fashionable in many European 
countries – marginally successful in the United States).

Fig. 29. Parking Tower by Jonathan Benner and John Bassett, 
source: www.combocompetitions.com

Fig. 30. Parking garage project expanded functionally 
by introducing a cemetery and park function, source: 
https://www.fastcodesign.com/3032279/a-parking-

lot-that-doubles-as-a-cemetery

Fig. 32. Convertible Manhattan parking garage project by 
Mason Fung, source: CoDesign.com

Fig. 31. Convertible Manhattan parking garage project by 
Mason Fung, source: CoDesign.com

https://www.fastcodesign.com/3032279/a-parking-lot-that-doubles-as-a-cemetery
https://www.fastcodesign.com/3032279/a-parking-lot-that-doubles-as-a-cemetery


Contradictory to the New York ideas, in the old town center of Kraków, residents are 
successfully discouraged by the increasingly cumbersome traffic conditions compounded by 
parking difficulties. This year, again, more parking spaces were eliminated from the historic center. 
The authorities deleted 20% of the existing 22 thousand spaces, that is over 4 thousand spaces, in 
a city which already suffers from a parking problem [3]. The remaining spaces are not restricted 
but available to all who pay for parking. How does this planning philosophy differ from breaking 
the building standards in the new residential developments by not providing adequate resident 
parking? Will eliminating spaces offer the desired solutions rather than further paralyze or desertify 
the city center? If Paris is to be an example, we can learn that it will not achieve the desired result. 

Surplus vehicles in cities have been a noticeable problem for decades. The obvious solution 
seems to be the introduction of functions which will reduce that problem. The city has to 
live, grow, develop, morph and satisfy the physical and psychological needs of its inhabitants. 
There are many ways which allow for a gradual reduction in vehicular traffic, however making 
life more difficult for its inhabitants hardly seems like the correct solution. Each period in the 
history of urban planning provides new learning and a broadening of planning methods all 
based on research and interdisciplinary information flow. Further planning must draw from 
that knowledge and not subdue to the pressure of developers and special interest groups but 
rather respect the rule of law and the needs of city dwellers.  Whenever they are forced to pray 
for more parking near their homes it is a testament to the lack of understanding on the part of 
city officials and an utter feeling of helplessness towards those who are to represent them [8].

Fig. 33. Kraków inhabitants react to a reduction in 
avaialble old town parking by organizing a mass to ask 

the Holy Mary for help, source: Gazeta Krakowska, 
12/10/2017

Fig. 34. Kraków inhabitants react to a reduction in 
avaialble old town parking by protesting the City Hall, 

source: Gazeta Krakowska, 12/10/2017
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Abstract
The meaning of the “urban planner” differs in every national spatial planning system. Its definition in the 
EU scale as a profession in public trust, responsible for practical and scientific domains, social activities, 
organisational and creational ones deviates significantly from the Polish definitions, where the urban 
planner is being recognised as someone who prepares a local plan project. This situation is a symptom of the 
spatial planning crisis in Poland, and a crisis of the profession as well. This situation needs urgent reforms, 
which should bring back the situation of spatial planning as the most important tool for spatial management. 
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Streszczenie
Pojęcie zawodu "urbanisty" jest różnie rozumiane w każdym krajowym systemie planowania 
przestrzennego. Jego definicja w UE jako zawodu zaufania publicznego, odpowiedzialnego za dziedziny 
praktyczne i naukowe, działalność społeczną, organizacyjną i twórczą znacznie odbiega od polskich 
definicji, gdzie planista jest uznawany najczęściej za osobę przygotowującą projekt planu miejscowego. Ta 
rozbieżność jest jednym z symptomów kryzysu planowania przestrzennego w Polsce oraz samego zawodu. 
Sytuacja ta wymaga pilnych reform, które powinny przywrócić miejsce planowania przestrzennego jako 
najważniejszego narzędzia gospodarki przestrzennej.
Słowa kluczowe: urbanista, planowanie przestrzenne
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1. Introduction

The spatial planning’s condition in Poland has been a very important topic for professional 
discussion for the last several years. Most of the debaters agree with a thesis of the deep crisis 
of spatial planning in our country. This crisis is seen as an effect of general spatial planning’s 
system disorder which pushes planning processes to the role of purely law and administrative 
activities. It is this system that becomes a tight corset for spatial development, in which there 
is less and less room for creativity and innovation. Finally, there is no space for innovative 
urban planners and spatial planners, who are increasingly becoming only contractors of the 
will of self-government authorities and “implementers” of legal requirements. The article 
discusses the problem of performing the profession of urban planner in Poland comparing 
its situation with the conditions of performing the profession of an urban planner in other 
European countries. 

2. The origins of the spatial planning system

Spatial planning is being recognised today as a kind of activity combining both domains 
of practice and science [3]. According to some conventional definitions, spatial planning is 
known on one hand as a kind of combining both the science and knowledge based on theory 
and practical experience, and on the other hand as a certain instrument for managing spatial 
changes. Of course, we must be aware of the fact that the meaning and understanding of the 
term of “spatial planning” has been changing through the decades. For a better understanding 
of the processes that affect both theory and planning practice, we should learn more about 
the development of the spatial planning since its beginning. The history will teach us to better 
understand the present.

We can take a look at the origins of spatial planning in the modern sense at the turn of the 
19th and 20th centuries; however, we can speak about it much earlier. Even in ancient times, we 
deal with the implementation of thought-out, designed urban layouts. However, it is necessary 
to distinguish between design activities and those that rely on planning. Projecting is one 
independent act based on the design creativity and expressions of the will of the implementer, 
founder, representative of power, which is the guarantor of the project implementation. 
Spatial planning is an instrument of management, conflict resolution (not  only spatial). 
Therefore, this planning is rather a process than a just simple act, and a  process in which 
different participants and partakers are involved, with the urban planners in that number. It 
should be noted here that there is a clear difference not only in the sense of urban projecting 
and urban planning, but above all in understanding the role of the urban planner and spatial 
planner.

The origins of planning, contractually void at the turn of the 19th and 20th centuries. This 
is a period of facing completely new problems of spatial development, urbanisation and 
industrialisation. People responsible for the city spaces realised the meaning of the spatial 
problems. These problems were clear results of spontaneously developing cities of the 
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period of spontaneous industrialisation. The transformations of the then cities were spatial, 
economic, environmental, but probably above of all – social ones. An important stage in the 
development of spatial planning is the concept of the city gardens of Ebenezer Howard [9], 
which was to attempt to solve most of these problems.

Howard’s concepts quickly became very famous in European and American intellectuals 
involved in searching for any solutions aimed at improving the quality of human life in 
cities. These concepts have launched the movement of urban gardens almost everywhere 
in the world. Despite the fact that the understanding of the idea of city-gardens in various 
countries was different, often very different, it should be acknowledged that these ideas firstly 
made the need for change aware and, secondly, indicated the directions of searching for 
optimal solutions. These movements in many countries were identified with the hygienists 
movements.

The situation in Poland was quite similar, although the conditions and problems of 
Polish cities differ from those in Western Europe or the United States. In 1912, Howard 
personally visited Poland. He stayed for a few days in Krakow at the debates of the 8th World 
Congress of Esperantists. At that time, Krakow was not an example of a typical industrial 
in Europe these times. However, it was positively assessed as a city with a natural reference 
to Howard’s ideas [9].

The hygienists movements are closely associated with the origins of spatial planning. 
One of the most important figures of this movement in Poland was Józef Polak, a man of 
great activity in both Polish (mainly Russian) and European areas. But he was also very 
active in the international arena, where he was known as an organiser of the City-Gardens 
Exhibition in Warsaw. It is true that it should be noted that the movements of hygienists 
in Europe date back to the mid-19th century. The first “hygiene law” was established in 
England as early as 1848.

In parallel to social activism, spatial planning as a knowledge is being developed. In the 
last decade of the 19th century, the first spatial planning handbooks and manuals were issued. 
In Germany, Thedor Fritsch publishes the first book entitled “Cities of the Future” [10]. Just 
a decade later, the first books are published in Poland. Józef Polak publishes a book containing 
a collection of his lectures [11]. Then, Ignacy Drexler [12], Roman Feliński [13], Artur 
Kuhnel [14] and Władysław Dobrzyński [15] publish their handbooks.

Social activities and theoretical works quickly made the responsible local and regional 
authorities aware of the need to urgently implement new rules for space management. The 
contests for new development of urban areas are widely discussed. The first plans are prepared 
in early years of the XX century. One should notice that the activity in Poland did not differ 
significantly from the activity in Western Europe or in the United States.

An important manifestation of the solidifying of sociological, scientific and, finally, 
practical activities are the attempts to establish organisations gathering people involved in 
new challenges for the urban planning. In 1899, the Town and Country Planning Association 
was founded in England. It was based on the of the Green City Association. In the USA in 
1923, the Regional Planning Association of America was established. Precisely in the same 
year, the Society of Polish Town Planners was established in the reborn Polish state, which 
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exists to this day. These associations started to organise and focus activities of people involved 
in spatial planning. 

Summing up, it can be confirmed that the initial stages of consolidation of spatial planning 
and professional spatial planners in Poland and in Europe or in the United States took place 
on similar principles and at similar times. Despite the fact that the differences in the state of 
urban space in Poland and in Western Europe were far different. 

3. Empowerment and solidifying the spatial planning 

The origins of spatial planning are primarily the result of the activities of various social 
and intellectual environments. It’s hard to name them the professional environments. They 
operate at the interface between various domains of science and practice: social, medical, 
hygienic and political sciences, as well as partly – engineering, construction and architectural. 
Before the profession of urban planners was invented, it was necessary to separate and solidify 
the spatial planning in itself.

We can recognise the period before the second world war as a time of solidifying 
the spatial planning system. It is defined as an independent activity, but at the interface 
between design, scientific and socio-political activities. The spatial planner is not an 
architect, though he takes many attributes from this profession. The planner is not a 
hygienist, although spatial planning goals will always be close to hygienists’ ones. The 
planner is also not a politician; however, he will have to cooperate closely with politics 
and the authorities.

From the beginning, spatial planning will be perceived as a service for common purposes 
and at the same time as an interdisciplinary activity.

Defining a spatial planner, in the period before the second world war, will in the next decades 
be redefined depending on the very strong (and sometimes rapidly changing) conditions and 
challenges faced by planners. Finally, planning after the Second World War will develop in 
parallel in two different socio-political systems: democratic in the west and undemocratic in 
the east. These conditions were absolutely different; however, amazingly, the development of 
planning ideas in both systems proceeded at a similar pace and in similar directions.

To this day, there is probably a misunderstanding in the Polish dictionary in the meaning 
of the overlapping concepts of “urban planning” and “spatial planning”. An example of such 
a misunderstanding may be the fact that urban planning regulations, granted by State authorities 
until 2002, authorised practicing the spatial planner. These regulations authorised to prepare 
planning documents such as plans and spatial studies. For urban planning, it was accepted in 
scientific publications to define the activity of shaping the space of a built environment, in 
particular urban, with the use of design instruments. Town planning is often put on an equal 
footing with rural design, regarding the shaping of rural spaces. Spatial planning is an activity 
consisting in managing change in space or protection of its recognised values, as well as –
shaping the distribution of functions in space. Descriptive definitions, which define spatial 
planning goals as: spatial order, rational spatial development, the need to meet people’s needs 
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and achieve social goals, minimise spatial conflicts, create opportunities for development. 
Planning activity should be governed by specific rules, of which the principle of sustainable 
development is treated as the prime. 

4. The changing role of the urban planner in the development of spatial 
planning

In the first period of the development of spatial planning, which we can contractually date 
until 1939, we are dealing with the nascent profession of spatial planners. Planning at that time 
focuses on the tasks of designing certain static spatial models. These models were to primarily 
implement the principle of rationalism in spatial planning. The planning was to provide 
specific, unambiguous answers, even to complex and complicated questions. These answers 
were to correspond to the principle of rationalism as the only one important criteria. Rational 
models were optimal and the only one acceptable. This prevailing principle of rationalism in 
spatial planning becomes binding for long decades of spatial planning development. In some 
aspects, it survived to these days. The paradigm of a rational spatial model also defined the 
role of the urbanist himself, who often appeared in the role of a man with broad knowledge, 
and above all, a man convinced of the rightness of certain rational reasons that are not subject 
to any discussions. It is a special, omnipotent role.

Next decades after the World War II strengthen this position much more. The urbanist 
is still a man with special competence in planning. At the same time, his position justifies 
the place he has in the structures of power. We are talking here about the period in which 
planning develops under separate different socio-political systems. However, the functioning 
of the planner, regardless of the system, had to be based on close contacts with the authorities, 
self-authorities, regardless of what power it was from where it came from.

In the 1960s, local communities began to speak out in the wake of social crises and 
youth rebellions. Until now, their participation in planning processes was marginalised. 
The beginning of the second half of the twentieth century made us realise that the success 
of a  particular planning model is conditioned not only by maintaining the principles of 
rationalism, but also, and perhaps above all, by the social acceptance of a particular project. 
This is the moment in the planning history in which the omnipotence of the spatial planner 
is limited for the first time. In the first step, these restrictions result from the need to 
recognise the voice of local communities to independently indicate the expected directions 
of changes in the spatial structure. Thus, the role of the urban planner changes, which from 
the “demiurge” is increasingly becoming an adviser, indicating possible, expected and 
foreseen future trends in spatial structures. He must become an expert from the demiurge. 
Rationalism as a universal planning principle is dethroned in favour of pragmatism of 
planning instruments. It should be noted, of course, that these processes were more 
concerned with spatial planning developed in the political environment of Western 
democracies. To a much lesser extent, they affected countries with undemocratic regimes, 
where the role of the town planner continued to rely on the previous rules. From this point 
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of view, it was the moment when the further development of spatial planning within two 
models of socio-political systems proceeded in a different way.

The incorporation the social aspects of development in the planning system and, 
consequently, also of social participation resulted in the destabilisation of the previous static 
model, which had been the objective of planning activities. From now on, the new planning 
goal will be to look for sustainable and stable models.

In subsequent decades, further groups of issues are included in the scope of spatial 
planning: from social, environmental, ecological to economic. Planning becomes a  field 
of activity in new fields of science, knowledge and practice. It becomes an activity 
engaging more and more new domains. In this situation, the role of the urban planner 
– an omnipotent, and the expert becomes unattainable. Therefore, the character of this 
profession is changing. Increasingly, the urban planner becomes the coordinator of the 
work of specialists in various fields. In the end, he becomes the organiser of their work. The 
spatial planning in itself at the beginning of the 21st century is becoming more and more 
an organising activity consisting in the organisation of planning processes, involving very 
different participants. The urbanist becomes an organiser, and even more often – a mediator 
between these participants.

Contemporary spatial planning has passed a long way in these 100 years since its origins. 
The planning function was changing, but also the role of the urban planner itself. How does 
it look like now? In the middle of the second decade of the 21st century? I’ll try to answer this 
question in the next chapters.

5. Spatial planning’s partakers 

The answer to the question about the role of urban planners in contemporary spatial 
planning systems must be preceded by the identification of all participants in this 
planning.

Let us try to characterise spatial planning partakers in the perspective of the role they play 
in this planning processes and procedures. From this point of view, we can identify active 
and passive partakers. These attitudes will have the characteristics of social or even political 
attitudes. They will be passive and active attitudes, as well as those that will emphasise the 
implementation of particular goals and those that will be focused on public or social goals. 
A spatial planning partaker can be a single person and a group of people, as well as more or 
less formalised organisations, such as public administration bodies. 

An active partaker has a free hand for organising the processes of spatial planning, with 
competences and the will to act or influence the actions of other partakers. A passive partaker 
represents inactive attitudes and does not show greater activity in spatial planning.

According to the typology of spatial planning participants adopted by the author [7], due 
to the type of their activity in spatial planning processes, we can divide into: active partakers, 
that is: originators, co-originators and participants, and passive partakers, i.e. clients and 
consumers.
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5.1. Spatial planning originator

A spatial planning originator is a partaker with the widest spectrum of independent 
opportunities for action among all partakers of spatial management. In particular, he has the 
capacity to take actions and to decide and resolve any conflicts and challenges. According 
to this definition, it is a partaker is so-called “Planning authority”. It is also the partaker who 
potentially or formally, can have the greatest influence on the shape of the urban space. 
The originator is one; its competences can be limited, but it is still the largest set of these 
competencies among other participants.

The attributes of the originator are fully realised in public administration bodies in the 
most. In the local government system and the municipality self-government is naturally 
the one with competencies for urban and space management. It has many unique features 
and attributes: free hand for taking the procedures and processes, planning competences, 
ownership competences, financial independence, legal actions and business ventures.

Despite the great impact they can exert on the space, the originators are not investors 
or developers, nor property owners. Only public administration bodies have the legal 
instruments of actual power, as well as the competences of an arbitrator, mediator or 
coordinator of changes in the urban space. These prerogatives arise from a given legal system 
model. Competences for public administration bodies are granted to originators by virtue of 
the Constitution and regulations of the rank of acts of common law.

The urban planner is very closely related to defined above spatial planning originator. He 
is closely related to this partaker, but he cannot replace it. A town planner without a well-
functioning planning body cannot perform any planning functions on his own; cannot be 
treated as an independent planning partaker. The originator operating in the Polish planning 

Fig. 1. Spatial planning partakers and the fields of their activity [7]
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system is obviously not able to perform basic spatial planning tasks without the participation of 
an urban planner. It can only take various legal and formal actions. It can adopt resolutions to 
proceed with the preparation of planning documents, initiate and lead tasks in the collection of 
applications, opinions and arrangements. It can organise the presentation of draft documents 
for public viewing. It can finally adopt resolutions on the particular planning document. 
However, he cannot make a draft of this document. According to the common, binding law, 
these activities are reserved for strictly-defined persons who have the right to design in the field 
of spatial planning – that is, eligible urban planners. It should be noted, that at the time of writing 
this article (after liquidation of urban rights granted by the central administration authorities 
and after the liquidation of the professional self-government of urban planners), these rights are 
very broad and the right to practice the profession of urban planners is granted to a very wide 
group of people. In particular, all graduates of architecture and spatial planning studies.

Consideration of the fact that the urban planner is “connected” with the spatial planning 
subject does not fully explain the role of the urban planner in the planning processes and 
procedures.

5.2. Spatial planning co-originators

Co-originators are other partakers of spatial planning, having some fragmentary parts of 
planning competencies. These are most often the appropriately specialised administrations, 
in which the competences include e.g. specific issues of water management, nature protection, 
environment protection and state security. Each of these bodies presents a strictly defined, 
particular point of view that falls within its territorial and domain competencies. The 
originator is one, but there are many co-originators. Each of them has some inalienable part 
of planning competences. However, this is a part that is disproportionately smaller than the 
originator’s planning competences. Parts of these capabilities are independent of each other; 
they can be complementary.

The urbanist can in some part be considered a co-originator of spatial planning. He has 
a certain part of planning competences. It is a smaller part than the originator’s. It should be 
noted, however, that the role of an urban planner in this area is significantly different from the 
role of other public and specialised administration bodies.

The urban planner can be recognised as a member of the group of co-originators, however 
under the condition that we will treat the definition of these specific partakers very broadly. 
Nevertheless, the position of urban planners in the group of co-originators does not fully 
explain the role they play in the spatial planning system. 

5.3. Other spatial planning partakers 

Participants are the third group within active partakers. This group is very diverse internally. 
The feature of the participants is that they do not have the features of public administration 
bodies; however, they participate in urban space management processes and procedures. So, 
they play a very specific role in the planning system. Their power is very limited, and its scope 
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results from the character and manner of assigning a given part of power by one of the entities 
or co-originators. According to this definition, a participant can be anyone, group of people 
or organisations. A very specific form of such participation is social participation, which the 
common participation is most often identified.

The urban planner is certainly an active partaker in spatial planning, but he cannot be 
considered a participant, in the meaning as described above.

Clients and consumers are the widest groups of spatial planning partakers. Clients and 
consumers will be included in the group of passive partakers. Clients will show greater willingness 
to communicate about their expectations towards other spatial planning participants than 
consumers, but they do not formally participate in decision-making processes; while consumers 
will remain fully silent users. This will, therefore, be passive participation.

It is assumed that passive participants present attitudes that show no interest in spatial 
planning and focus more on the protection of particular interests.

5.4. The urban planners’ place in the system of spatial planning partakers

The above typology does not include a very important participant in spatial planning: an 
urban planner. It doesn’t explain his role. The urban planner’s role in planning processes and 
procedures is very unique. On the one hand, it works at the request of a spatial management 
originator, and on the other hand, it cannot be treated as an originator in itself. Also, there 
is no partial planning power as much as, for example, special administration bodies; so, it 
cannot be treated as a co-originator. It seems that it would be the best choice to treat the urban 
planner as a separate category of a partaker in spatial development.

However, we should remember that the role of the urban planner in the Polish legal 
system is variable and unstable. We can see in recent years the process of gradual reduction of 
the urbanist’s competences. In the periods before the great systemic reforms in the late 80s, 
the urban planner was a person strongly influencing the shape of the planning documents. He 
was the real (formal and informal) creator of the general plans. He was seen by other planning 
participants as an authority; often even as a representative of this authority, and to a lesser 
extent as an expert.

After the implementation of the reforms in 1995, the role of the urban planner has changed 
rapidly. The urbanist was transformed from a responsible meritocracy man to someone 
employed for sketching or drawing a plan. While the planning decisions were in the hands 
of territorial self-governments. Therefore, the person preparing the plan was separated from 
people making planning and political decisions. The town planner was separated from the 
spatial planning originator. A strong position of a spatial planning participant was obtained 
by professional lawyers and advisors. The role of the urban planner was, according to many 
experts, the role of “a pencil in the hands of authority.” The role of urban planners was 
even more limited with the lifting of state powers in 2002 and with the elimination of the 
professional self-government of town planners in 2014.

The situation of the unstable position of the urban planner in the planning system in 
Poland and the general crisis of spatial planning in this country force us to search for new 
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system solutions. There is a search for a new planning paradigm that would lead to its revival. 
The discussion is underway and the role and place of the urban planner in the spatial planning 
system. In general, it can be assumed that the majority believes that the role of the urban 
planner in this system should be more significant. The postulates about strengthening the 
role of urban planners appear in strategic documents and in scientific publications. It seems 
that an important component of this discussion should be the analysis of the role of the urban 
planner in the planning systems of the Western European countries.

6. Contemporary redefinition of the urban planner

Defining the meaning of the term: professional urban planner occurs quite rarely in the 
documents of European institutions. European Union bodies do not interfere significantly 
with national planning systems.

The only European institution associating professional urban planners is ECTP; European 
Council of Spatial Planners. It is an umbrella organisation: it associates other national 
associations gathering professional urban planners. This council establishes in the Founding 
Card [16] some minimum requirements that an urban planner should meet.

According to the provisions of this card, an urban planner is a person who performs certain 
public tasks, which should be recognised as an important feature of the profession of public 
trust. The urbanist performs public tasks in accordance with certain accepted principles of 
good technique, using all his knowledge and constantly deepening it.

In the first place, the urban planner is involved in identifying the needs of a certain 
community and identifying the features of a certain area or a local government unit. This 
stage should be considered as the stage of analysis – and initiating all activities of the urban 
planner. The identification of needs serves the proper formulation the questions of spatial and 
planning problems. One of the most important principles an urbanist should follow is the 
principle of sustainable development, according to which the urban planner will be required 
not only to identify the needs of the local community, but also future generations. In this 
respect, the work of an urban planner must look ahead. The urban planner must anticipate 
the effects of current phenomena and the effects of his actions. In further steps of the action, 
the urban planner identifies real possibilities for the development of a certain community or 
local government unit.

An urban planner is also a creative person. He should create innovative solutions, propose 
such projects that are a real answer to the identified problems and future ones, needs and 
those that can be implemented within the particular possibilities.

Further activities of the urban planner are associated with the implementation of specific 
tasks. In part, these will be design and organisational tasks. The urbanist will be a person who 
designs, creates, but also leads (or supervises) various social or administrative activities. These 
activities include, e.g. conducting negotiations, mediation between various planning partakers.

Finally, within the scope of the urbanist’s competences, there are activities carried out 
after the implementation of the project – during its implementation. Urbanist, therefore, 
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runs the project itself and deals with its implementation, but also deals with monitoring this 
process, assessing the effects of its implementation. The urban planner is also responsible for 
correcting the project.

An urban planner is a person who deals with spatial planning practice, but also a person 
who gives a very significant contribution to science. An urbanist is also a person who conducts 
research and scientific work.

The urban planner is also an interdisciplinary professional to the same extent as 
interdisciplinary should be the same approach to space, in particular – urbanised or urban 
spaces. Therefore, he must integrate analyses in the field of social, environmental, geographic 
and economic sciences and practices. These activities will be implemented on various scales 
and in different contexts; from continental, state, through regional to local.

Summing up, we can say that an urban planner is: a researcher, a scientist, a practitioner, 
a designer, a contractor, an organiser, a negotiator, a mediator, a manager, and a coordinator. 
These are so different tasks, requiring very different competencies, preparation, education, 
and finally, and some distinct personality predispositions, that it is difficult to imagine that one 
person could be able to perform all these activities simultaneously. However, this definition 
should be understood as meaning that each of the above-mentioned activities may qualify the 
person who performs them to be called an urban planner. The urbanist has various names.

The education and preparation of a person to practice the profession of an urban planner 
is also a very complex task, complicated and spread over time. The urbanist is forced to 
constantly deepen his knowledge, to improve his practice.

European planners are therefore a very diverse group internally. However, the image of an 
urban planner who is sitting over a paper sheet drawing a draft of the city belongs to the past. 
This classic understanding of the role of urban planners is a thing of the past. We can certainly 
say that “city design” is no longer the main task of the urban planner.

7. Redefining the concept of urban planners in Poland 

The question arises at the moment whether the urban planner, defined, as outlined above, 
urban planner is reflected in the situation in Poland. As explained above, the profession 
of urban planner in Poland has been undergoing constant depreciation and limitation of 
competences in recent decades. The tasks of the above-mentioned Polish urban planner 
perform rather rarely or sporadically.

Most often, the urban planner is being recognised by both representatives of the authorities 
and by other planning partakers, as a person who draws up a local plan project. Its tasks do 
not fall within the scope of science, organisation, negotiation, management or coordination. 
Recently, during the work on the liquidation of professional self-government, this profession 
was even denied the status of a public trust profession in Poland.

It can, therefore, be concluded that defining the concept of the “urbanist profession” 
in Poland and in Europe differs. In Poland, it is defined very narrowly, while in Europe 
– broadly.
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Certainly, it should be noted that there are also people in Poland who deal with scientific 
or practical activities related to spatial planning. However, they are not being named as the 
“urban planners”. However, I believe that the difference is not only in the dictionary definition 
of the word, but also in a different understanding and approach not only to the profession of 
urban planners, but to spatial planning as a system in general.

It is not a coincidence that Poland since 2014 is no longer an ECTP member. There is no 
representative from Poland on the list of signatories of the Founding Charter. The roads of the 
Polish and European urban planners have spread. The spatial planning paths have spread as well.

8. Who needs an urban planner in Poland? 

The fact that in Poland we are talking more and more about the crisis of spatial planning 
and the profession of an urban planner is symptomatic. We are aware of the failures and 
shortcomings in shaping our Polish space. Spatial planning in Poland is not effective. It does 
not solve any major problems of modern urbanisation in Poland. It is not able to protect 
against the urban sprawl. It cannot ensure the vitality of city centres. It is unable to influence 
the quality of life of its inhabitants to a limited extent. This situation requires urgent reforms.

Only, is the urban planner, in the European meaning of this word, still needed in Poland?
I hope so. 
There is an urgent need in Poland for efficient spatial planning as well as the need for modern 

urban planners. Such planners should be sought by representatives of local authorities, so-called 
– originators. This need stems from the urgent need to revise the previously prepared planning 
documents, to prepare new analysis, including critical ones. It is necessary to formulate new 
goals, objectives and directions of spatial policy. The urban planners are finally needed by the 
planning originator as the only one who is able to organise the entire spatial planning process, 
which does not end with the adoption of a given project plan, but continues for the following 
years. The urban planner is needed by the planning entities as substantive support.

A modern urban planner is needed for science, after all. It is also needed for local or regional 
communities. He is able to communicate with them in order to disseminate knowledge about 
the need for effective spatial planning. It is necessary for urban movements and NGOs that 
are trying to influence the way of shaping urban spaces more and more effectively.

Such an urban planner needs a new Polish spatial planning system. However, it should 
be realised that changes must first take place within the system. These changes should create 
specific needs mentioned above. Only these needs can generate a modern Polish urbanist 
who will simply be a normal performer of public tasks in the common sense of the word. It 
will be a profession of public trust again.
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Contemporary processes in historical urban greenery areas 
and the selection of materials – introduction to research

Współczesne procesy zachodzące na terenach historycznej 
zieleni miejskiej a dobory materiałowe – wprowadzenie do badań

Abstract
The paper will discuss urgent and topical problems that affect historical areas of urban open space. Its main 
goal will be the identification of phenomena which take place within it, and which mainly affect its natural 
tissue. The article will also contain such aspects as: an analysis of modern trends in revalorisation and the 
effects of its impact, an analysis of possible preventive measures that can be taken, as well as an evaluation of 
the influence of environmental factors on the condition of individual types of greenery. 
Keywords: historical urban greenery, revalorisation, greenery arrangement and maintenance

Streszczenie
Artykuł dotyczy pilnych i aktualnych problemów dotykających obszarów historycznej zieleni miejskiej. 
Głównym jego celem jest identyfikacja zjawisk zachodzących w jego obrębie, dotykających głównie 
tkanki przyrodniczej. W artykule zawarto także aspekty obejmujące analizę współczesnych kierunków 
rewaloryzacji i sutków ich oddziaływania, analizę możliwych do przeprowadzania działań prewencyjnych 
oraz ocenę wpływu czynników środowiskowych na stan poszczególnych typów zieleni. 
Słowa kluczowe: historyczna zieleń miejska, rewaloryzacja, urządzanie i pielęgnacja zieleni
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1. Introduction – goal, current state and scope of research

The problem of contemporary processes that take place in green areas located in the 
layouts of historical cities, towns and villages undertaken in the article constitutes a further 
development of research work that has been performed for many years at the Garden 
Design and Green Areas Division of the Institute of Landscape Architecture of the Faculty 
of Architecture of the Cracow University of Technology. The protection, revitalisation, 
regeneration and shaping of cultural and natural historical landscapes is a broad subject, 
in which the diagnosis of currently ongoing negative processes constitutes the basis of 
appropriately prepared guidelines and, afterwards, design work.

Research on the subject of the threats to historical gardens was initiated by Professor 
Longin Majdecki [4], as well as Professor Janusz Bogdanowski, Professor Anna Mitkowska 
[5], Professor Agata Zachariasz [8] and others. The year 2014 also saw the organisation of 
the International XXI scientific conference on garden design and historical dendrology called 
“Modern threats to historical gardens”1 at the Cracow University of Technology, which was 
concluded by scientific publications [1, 2, 9].

The main objective of this article is analysing the changes that occur in material selections 
in areas of historical urban open spaces, against the background of the transformations of 
design tendencies, conservation ideas, environmental factors and civilisational needs. The 
article uses the research material of ZSOiTZ, expanded using analyses of the latest phenomena 
that threaten historical greenery, mainly from the areas of Krakow, Warsaw and Wroclaw.

The undertaking of this problem came as a result of observing the problem of contemporary 
trends in revalorisation and the effects of their impact on historical greenery. The revalorisation 
work that has been increasing in intensity in recent years, while fundamentally advisable and 
aimed mainly at the preservation and restoration of historical layouts and complexes, carries 
with it significant threats to the durability of these sites. Improper actions in this regard can 
be mentioned here, including:

 ▶ The revalorisation of large sites using a “one-off ” system [6]2,
 ▶ The fragmentation of areas/staging, selective action aimed at solving an individual 

problem (surfaces, street furniture, water system) [9]3,
1 Conference organiser: Garden Design and Green Areas Division, Institute of Landscape Architecture of the 

Cracow University of Technology, along with the Garden Design and Architecture Section of the Urban Design 
and Architecture Commission of the Krakow Branch of the Polish Academy of Sciences, the Władysław Szafer 
Botany Institute, Polish Academy of Sciences in Krakow.

2 This exerts significant pressure on a site’s living tissue, especially on tree stands, a known example of which is 
the revalorisation of the Park that surrounds the manor in Żelazowa Wola, which is the birthplace of Fryderyk 
Chopin. Although some years have passed, the condition of the tree stand still shows the mark that the change 
in surroundings has made on it, especially the planting of large amounts of infertile soil in its vicinity.

3 A method based on the selective treatment of areas or the staging of work with a division into specialisations, 
and thus featuring the individual treatment of surfaces, street furniture, water systems and greenery. This can 
lead to completely unintended effects, as in the case of the Constitution of the 3rd of May Park in Suwałki, 
where a relatively properly performed replacement of the infrastructure and surfaces, without paying much 
attention to greenery, has caused a successive “falling out” of trees from the composition and their rather 
random infilling over a period of ten years.
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 ▶ The excessive development of green areas4,
 ▶ Making historical areas more contemporary – through inappropriate compositions, 

selection, furnishing elements5.
The article will present the initial results of the author’s research, which is meant to prepare 

detailed guidelines on how to proceed with historical greenery. 
In the paper, the following have been listed:

 ▶ negative cultural phenomena that take place in historical green sites, as well as the 
strength of their impact, 

 ▶ negative natural phenomena that occur in historical greenery with the strength of their 
impact,

 ▶ negative phenomena that hinder the maintenance of existing greenery and the 
introduction of new greenery into historical sites

 ▶ analysis of the actions that can be taken as well as their effectiveness in relation to 
endangered plant species and forms.

2. Negative phenomena and cultural processes that take place in historical green areas

The legal status of historical greenery sites has been in a state of legal dissonance between 
two essential legal acts for many years: the Act on the Protection of and Care for Historical 
Monuments [10] and the Protection of Nature Act [11]. This leads to various different 
problems of an administrative nature, associated with the division of competencies between 
institutions, the scope of the necessary documentation, the manner of its preparation and 
approval. In addition, when a site’s legal status, owner, manager or administrator changes or 
when one historical site is administratively managed by several institutions, even the simplest 
of actions are made very difficult, and in extreme cases, even impossible. As research shows, 
a historical site can be under the protection of different forms and institutions, which are based 
on different legal acts, leading to conflicts of interest and competency between them, which 
can have differing goals for the same areas or elements. Additional problems can be caused by 
the manner of carrying out projects or work based on Public Procurement Law, which requires 
a high degree of precision in the description of items that are to be procured so that they can be 
sent to offering parties that are capable of their delivery, especially in terms of essential content.

One very dangerous, although not always observable problem, is the lack of sufficient 
knowledge or experience necessary to appropriately: manage, revalorise and maintain 
precious and at times transformed historical sites6.
4 The amount of new stimuli causes a pressure that is difficult to accept, especially for mature and senile tree 

stands.
5 An erroneous or risky modernisation of historical areas through the selection of species, materials and 

furnishing elements that are improper in terms of a given composition, style and period leads to the erasure 
and even destruction of the historical value of an area and is often irreversible in its effects.

6 Such works are not made any easier by various types of social groups which often act on the basis of emotions 
and sometimes prevent the implementation of even factually appropriate solutions. This can lead to the 
making of completely irrational decisions under the influence of growing “public pressure”.
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The scale of the impact of each phenomenon has been evaluated on a five-point scale, 
ranging from low to very high, although in the case of many sites and the very process of 
revalorisation, the possibility of reversing their effects or of the reinstatement or return to 
their original state is more important7.

The data presented in the tables are the result of research conducted by the authors trough 
the years on the issues contained in the paper and they will be increased in the planned 
activities.

Table 1. Negative cultural phenomena that occur in historical greenery sites

No. Phenomenon Impact strength Reversibility

1 2 3 4

1 – Low
2 – Moderate,
3 – Medium, 
4 – High, 
5 – Very high

1 – Full
2 – Possible
3 – Conditional
4 – Difficult
5 – Impossible 

1 Change of the legal environment 3 2

2 Changing legal status of sites 3 3

3 Existence of different forms of protection 2 1

4 Lack of a permanent administrator 5 3

5 Lack of protection 5 4

6 Administrative and economic problems 4 3

7 Employing the PPL to carry out projects and work 4 2

8 Influence of the division and assigning of funds 4 2

7 Scale was based on expertise and author’s method of valuating elements and objects. 

Fig. 1. Excessive tree crown rising of limes in 2007, which destroys „green wall”  
along the Błonia meadow
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1 2 3 4

9 Ownership problems 4 4

10 Secondary ownership/spatial divisions 5 4

11 Irrational management of a site 4 3

12 Social threats 4 2

13 Lack of knowledge 4 1

14 „Emotional” actions 3 1

15 Irrationality of solutions 4 1

16 Public pressure 4 1

3. Identification of negative natural phenomena in areas of historical greenery

Negative natural phenomena that take place in areas of historical greenery are not always 
properly identified and interpreted. This is a result of the fact of the complexity of these 
processes, which can mutually overlap and intensify their impact on natural tissue, which 
is also precious in compositional terms. One example that is easy to identify is the coupled 
effect of: climate change, which makes it possible for new species to appear and thrive, among 
them being pests and invasive species, which are additionally correlated with varying degrees 
of anthropic pressure. This can lead to the withering of individual species, such as: the horse-
chestnut, the common ash or the Norway spruce. In many cases this leads to substantial 
changes in tree stands, which, at least in theory, are the most durable elements of the green 
layer of historical parks and gardens, and at the same times the most difficult to restore, 
especially due to their pace of growth and the time of reaching compositional maturity. 

Table 2. Negative natural phenomena occurring in areas of historical greenery

No. Phenomenon Impact strength Reversibility

1 2 3 4

1 – Low, 
2 – Moderate,
3 – Medium, 
4 – High, 
5 – Very high

1 – Full
2 – Possible
3 – Conditional
4 – Difficult
5 – Impossible

The problem of the „falling out” of stands (the withering of individual species)

1 Pest gradation (secondary factor) 5 4

2 The chronic nature of diseases or the activity of pests 4 3

3 Syndromes 4 4

4 Anthropic pressure 3 2

The problem of species selection

5 The dominance of summary action in the 
replacement of specimens – lack of strategy 4 1

6 Lack of selection verification in the case of replacing 
individual specimens 4 1
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1 2 3 4

7 Improper selection of species for specific places – 
avenue, row, street, road 4 1

8 Maintaining historical selection despite changes in: 
conditions, function, the environment 4 1

The problem of the erasure of composed layouts, arranged spaces

9 Lack of control over succession processes 4 2

10 Change in species composition 3 2

11 Neglect in basic maintenance – periodic or long-
term lack of maintenance 3 2

12 The effect of CO2 on the increase of the growth 
dynamic of biomass 3 2

13 The activity of social groups blocking clearing work 
in valuable tree stands 4 4

The problem of the disappearance of valuable treeless sites, meadows and xerothermic lawns

14 On the scale of the city (buildings) 5 5

15 On the scale of the city (overgrowth) 4 3

16 Fortress layouts – historical esplanades, slopes, 
embankments, moats 4 3

17 Parks – scenic points, meadows 4 3

Changes in the living conditions of plant layouts have been occurring increasingly quickly 
and on multiple planes in recent years. Originally planted avenues, rows and solitaires are 
experiencing increasing amounts of stresses. Functional and technical transformations, 
increasing requirements regarding the organisation of space and its adaptation to regulations 
and standards most often lead to limitations in the possibility of the development of trees, 
both existing and newly-planted ones8.

Table 3. Negative phenomena that make the maintenance of existing and the introduction of new greenery to 
historical sites more difficult

No. Phenomenon Impact strength Reversibility

1 2 3 4

1 – Low, 
2 – Moderate,
3 – Medium, 
4 – High, 
5 – Very high

1 – Full
2 – Possible
3 – Conditional
4 – Difficult
5 – Impossible

Problem of limiting space for trees

1 Functional changes 4 4

2 Changes in the degree of use 4 4

8 This impacts the shapes of the crowns and the modification of root systems. Legal regulations can cause 
deformations that disrupt the form of some trees. One example can be the Crimean linden, which traditionally 
develops a crown that reaches down to the ground, and which can be cut due to its vertical gauge.

cd. tab. 2
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1 2 3 4

3 Technical changes 4 4

4 Introduction of new infrastructure 5 4

5 Material changes (surfaces, furnishing) 3 3

6 Adaptation to regulations and standards 4 4

Changes in habitat conditions resulting from changes in surroundings

7 Limiting space for tree crowns by structures 
(shading, collision)

4 4

8 Limiting space for tree crowns by trees (shading, 
collision)

3 3

9 Limiting the vertical and horizontal gauges 2 3

10 Changes in air circulation – the formation of funnels 
and turbulence

5 3

11 Limitations for root systems 4 4

12 Changes in the degree of surface curing (heating, 
water absorption, pollution)

5 4

13 The construction of underground structures 5 4

Problems of urban (micro-, meso-) climate change

14 Expansion of the heat island effect 3 3

15 Intensification of sudden weather phenomena – 
hurricanes, windstorms, tornadoes

5 4

16 Rising number of changes in spatial distribution and 
frequency 

5 3

17 Increase in temperature shifts (significant changes 
within the span of a week or month)

3 3

18 Decreasing number of days with full insolation 3 3

19 Change of the yearly distribution of precipitation 3 3

20 Increase in the frequency of high daily precipitation 4 3

21 Decreasing amount of snowfall 3 3

22 Changes in cross-ventilation 4 4

Changes in the built environment and land development can lead to new difficulties 
for trees in terms of wind, in the form of wind funnels and turbulences – which cause the 
occurrence of new forces and moments, especially torque, for which trees are not prepared 
and need to produce reactive wood. If this is combined with a change in insolation and 
the frequency of high rainfall, then it additionally affects changes in the soil, which make 
anchoring more difficult. This can also affect changes in cell turgor pressure, which is the 
deciding factor in wood durability. Many of these problems can be categorised as anthropic 
pressure, although human influence is in many cases being overestimated.
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4. Examples of actions that can be taken and their effectiveness in relation to 
endangered plant species and forms

When analysing needs and actions that can be taken in order to preserve the most precious 
plant species and forms, two aspects that comprise this problem need to be considered, and 
that is time and spatial distribution. Actions and solutions that have significance over the 
short and long term cycle need to be considered. In many cases of ongoing or advanced 
degradation, it is not possible to perform work that covers entire areas – instead, a method of 
the spatial distribution and phase division of work [7].

Fig. 2. Wawel Hill, Royal Castle, an example of proper maintenance  
of all forms of greenery at historical space

The first and most basic – and from the perspective of time also the cheapest – solutions 
are all manners of ongoing maintenance work. The constantly performed maintenance of 
a site’s current condition, adapted to the needs of said site or its elements, is of paramount 
importance to the continuity of precious elements of the landscape, as well as plant groupings, 
forms and species. Such actions are not directed at improving the value of sites or of a space, 
but they can de facto be, especially when the number of precious sites is decreasing on the 
national and regional scale, or that of a city. The simplest, although not always appreciated 
actions, include:

 ▶ the mowing of lawns and meadows, making it possible to preserve valuable monuments 
of culture like, for instance, Krakow’s Błonia or the hale in the Tatra Mountains, which 
have been cultivated for centuries and will be a testament to a centuries-old tradition 
of organising space and of a manner of its maintenance. In many cases, simple mowing 
can significantly reduce costs that are spent on the renewal of such precious – although 
unstable from the point of view of natural succession – plant layouts;

 ▶ limiting the influence of winter-time maintenance of streets and roads, which affects 
circulation tree stands – including precious historical, composed avenues, often 
constituting a part of a larger layout – in a particularly destructive manner. The examples 
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of Krakow’s Planty park illustrate that a change of approach in this field can save or 
extend the lifetime of such layouts by many years;

 ▶ the removal of leaves during autumn, which is particularly important in the case of 
trees with strong allelopathy mechanisms, causes significant changes in terms of lawns 
as well as diseases and leaf-born pests. In this second aspect, using the example of 
the horse-chestnut affected by the horse-chestnut leaf miner, the raking of leaves and 
keeping them in special containers – as Viennese experiences have shown – facilitates 
the development of the leaf miner’s antagonists and thus regulates its population;

 ▶ surface runoff management based on the planned drainage and watering of plants and 
more demanding areas. These systems can be unmanned, automatic, semi-automatic 
or manually operated;

 ▶ the appropriate planting of young trees, which is a deciding factor in the effective 
generation replacement of specimens that form precious, historical composed 
layouts. Inadequacies in the process of planting cause a low percentage of adroitness 
among new trees and an insufficient degree of the replacement of old trees with new 
ones;

 ▶ maintenance and form cutting, which affects the preservation of the form, statics and 
vitality of plants, as well adaptation to a particular composition. Errors in this field are 
difficult to reverse and often result in the 
necessity to replace individual trees.

The verification of plant selection 
and green area arrangement methods is 
particularly essential in the case of areas of 
distinct historical value. It exerts influence 
on numerous planes and we should not be 
content with thinking only in quantitative 
categories, as instead, we should focus more of 
our attention towards analysing efforts that are 
being made and the solutions that are being 
implemented. One problem that is difficult 
and that sometimes has its origin in neglected 
layouts of historical greenery is the occurrence 
and increasingly strong impact of invasive 
species on ecosystems and biotopes that are 
considered domestic for a  given region or 
place. The search for and the implementation 
of methods, even the simplest and most 
maintenance-like ones, like those that have 
been mentioned above, can prevent phenomena that are difficult to reverse. Some domestic 
plant species can also constitute a problem if we take into account their expansiveness, which 
perhaps is not an ecological problem, but constitutes a significant local threat in terms of the 
disruption and erasure of plant compositions [3].

Fig. 3. An example of proper basic maintenance of all 
lawns after winter time at historical space in Krakow
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It also appears necessary to develop principles of tree replacement, not only in cases of 
individual specimens, but species as well. In significantly changing environmental and habitat 
conditions the search for successors that are better adapted is a necessity. It is quite difficult in 
the case of the purist willingness to preserve original species structures. Appropriate planting 
is also important, particularly in the planting of larger trees and can be the deciding factor 
in the proper growth of individual specimens. In the vicinity of buildings, inside valuable 
urban layouts or avenues, the modification of soil substrates in order to limit soil compression 
becomes a necessity in an increasingly greater number of cases. 

5. Conclusion

In a period of technological development, we should pay attention to the selection and use 
of methods, techniques and materials dedicated to the well-being of plant life, the necessary 
layer of the majority of historical sites. In the context of research on material selection during 
the revalorisation of historical green areas, one phenomenon that is becoming a more and 
more dangerous threat is the aforementioned improperly understood comprehensiveness 
of action. It is interpreted by designers and contractors as a single-stage, holistic procedure, 
covering all layers of a structure at the same time. In many cases this leads to drastic spatial 
and structural changes, while for living tissue, especially mature tree stands, it can be a factor 
causing the degradation of habitat conditions, lowering vitality and causing difficulties in 
adaptation to ongoing changes, which, in consequence, can lead to the withering of species and 
even entire areas of tree stands which were in a state of dynamic balance beforehand. Proper 
staging can thus aid in minimising the results necessary to perform actions and should be 
included in design documentation. Insofar as a conceptual design should cover an entire site 
and provide guidelines, technical and detailed designs should take into account the necessary 
staging, both in spatial and temporal terms. This especially applies to the replacement of 
trees and tree stands, as well as maintenance work - which, as it has already been mentioned, 
does not solely provide a point-based effect, but also has one within the scope of the nearer 
and farther surroundings. The entirety of revalorisation work should be rational, preceded 
by compositional and historical studies and dedicated to the quality, value, the state of the 
preservation of a given historical area and the scale of the necessary actions and local socio-
cultural and natural conditions.
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Miejsce i ludzie: krajobraz jako podstawa dla zachowania 
i rozwoju tożsamości kulturowej

Abstract
Processes of globalization and urbanization are the main factors of changes in our environment and social 
foundations. Culture, traditions, customs, mythology are tightly bonded with the geographical environment 
and the land itself, which also defined the way of economic activity and the lifestyle of inhabitants. Identity 
may become apparent through landscape in two principal ways. On the one hand, landscape can represent 
and identify the certain culture by means of its visual image. On the other hand, the manifestation of deep 
links of landscape and its inhabitants by means of reviling emotional, visual and semantic connections 
of man to a land, affords to strengthen people’s feeling of belonging, rooting and thus safety, which is 
exceptionally essential in our era of non-stable uncertain modernity.
Keywords: globalization, culture, identity, landscape

Streszczenie
Procesy globalizacji i urbanizacji są głównymi czynnikami zmian w środowisku i podstawach społeczeń-
stwa. Kultura, tradycje, obyczaje, mitologia są ściśle związane z warunkami geograficznymi i samą Ziemią, 
które determinują charakter działalności gospodarczej i styl życia ludzi. Tożsamość przejawia się w krajo-
brazie w  dwóch aspektach. Z jednej strony krajobraz może być wizualnym symbolem i identyfikatorem 
konkretnej kultury. Z drugiej strony, określenie głębokich powiązań krajobrazu i jego mieszkańców przez 
kulturę, tradycje, system emocjonalnych i zmysłowych powiązań, skojarzeń semantycznych i relacji zezwa-
lają wzmocnić poczucie przynależności, zakorzenienia, a tym samym i bezpieczeństwa, co jest szczególnie 
ważne w dobie zmiennej, nieokreślonej, „płynnej” teraźniejszości.
Słowa kluczowe: globalizacja, kultura, tożsamość, krajobraz
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1. Introduction

Processes of globalization and urbanization are the most evident and dominant tendencies 
of today. Since the middle of 20th century, the population has increased four times and 
continues to grow, and for the first time in history, more than a half of Earth’s inhabitants 
live in cities. The future of our planet is urban, and, according to the leading researchers of 
contemporary social conditions, including Peter Caltrope [5] and Saskia Sassen [16], the 
urban region is replacing the city as the basic pattern of settlement. Urban regions emerge as 
a result of constant sprawl and decentralization of large cities, and agglomeration of two or 
more cities into one spacious structure. These new urban realities are polycentric, complex, 
multi-cultural and heterogeneous. Spatial expansion of urban areas and globalization can 
negatively influence the uniqueness and sustainability of the environment, whether is it 
urban or natural. As a response to the issue, scientific discourse on the concept of identity has 
emerged in the last few decades. To keep the identity of the environment and to enhance the 
feeling of one’s belonging and attachment to place is the task of no less importance today, than 
the questions of ecology and sustainability. It is about providing a reliable ‘fulcrum’ for people 
in rapidly changing conditions and developing world as a safe place for different cultures. 
Otherwise, the local struggle for identity can turn into a large and quite global conflict as soon 
as countries and nations are too far interconnected to stay uninvolved [9]. 

Next chapter of the article examines how and why globalization actualizes the questions of 
locality and identity. The article is seeking to revile and examine connections between place 
identity and human attachment to place and a landscape as a social and cultural construction, 
a common field of interest for the different disciplines. 

2. Globalization and Glocalization

Globalization has started with the development of informational and communication 
technologies at the close of 1960’s. As a result, the character of economic, political, 
technological and cultural foundations all over the world has changed [9]. Polish sociologist 
Zygmunt Bauman [3] offers ‘liquidity’ and ‘lightness’ as basic metaphors for our modernity. 
The previous period of industrialization, accumulation and territorial expansion scientist 
defines as ‘heavy’ and ‘solid’ modernity. Wealth and power used to be rooted to a place, 
“big and immobile like coal or ironstone deposits”. Emperies spread and filled all corners 
of the planet unless were stopped by the more powerful ones. Model for the industrial 
society was Fordism, which had overcome its primordial occupation in production process 
organization and largely influenced social regulation and mass consumption. It was based 
on national markets priority, large-scaled capital-intensive enterprises, inflexible production 
and bureaucratic structures. The basic Fordism principals of industrial standardization and 
centralization of control have shaped the industrialization process in the former USSR to 
a great extent. Communism just tried to adjust Fordism to the needs of planning economy 
and purify it from the unpredictability of market forces. Hence, in the era of heavy modernity, 
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control and labor were tied together for a long time by the conglomerates of big plants, 
machines and working force. Neither capital nor labor wanted and was able to move [3]. In 
mid-1970s Fordism crises became evident, as the immaterial sector of production including 
services, information, innovative technologies and knowledge gained the leading role in 
economies of developed nations facilitating a new, more flexible, networked global economy. 
As Bauman [2] writes, the last quarter of 20th century became a big struggle of capital for 
the independence from space, in order to release centers of control and management from 
territorial constraints. Computerization and virtualization of financial sector all over the 
world provoked the emergence of the global financial market. This alongside with the national 
politics of economic liberalization has resulted in the uncontrolled flux of capital, which 
became exterritorial, changeable and unfixed. Capital can now travel fast and on its own, 
and its fluidity has turned into a reason of uncertainty for all. Transnational companies are 
becoming so global that it is often difficult, if not impossible, to define their national affiliation 
regarding financial sources or production process. The mobility of financial elite has brought 
us to the unseen before segregation of power from its obligations to territorially fixed groups 
of people – workers, local communities, future generations, who can be used and left with the 
results of that exploitation [3]. Thus, the absence of responsibility for the consequences is 
one of the biggest threats of globalization.

Globalization as the process of transferring of national states’ authorities to the international 
level [2] has the opposite side, which is the process of ‘localization’ or ‘territorialization’. 
The scale of the national state appears to be not just too small to confront the big issues, 
but also too big to solve the local ones [9]. Integration and fragmentation, globalization and 
localization are complementary processes, so the hybrid word ‘glocalization’ tends to illustrate 
the results of global redistribution of influence, power and freedom of actions [4]. Hence, 
next to the blurring of national borders, unification of standards and norms, and ascending of 
the international institutions, the local cultures revival is evident. Sociologist Manuel Castells 
[6] states that cultural values and identity are expressed in terms of places and locality, 
whereas functionality, resources and power are conveyed in notions of global flows. In the 
world that works according to the ‘space of flows’ logic, people live in ‘space of places’. ‘Space 
of flows’ does not eliminate, but augments the ‘space of places’, and strengthen the issues of 
locality and cultural identity as a result. Unfortunately, the local answer to the globalization 
risks and pressure turns quite often into an intensification of demands for an autonomy, 
local nationalism and fundamentalism. Some of the last examples are Scottish demand for 
sovereignty and a referendum on that point in September 2014, Quebec separation movement, 
The Venetian independence referendum of 2014, unofficial but illustrative, as soon as the 
majority have voted positively, or attempts of Spanish Catalonia to gain a vast autonomy. 
This is not to mention the Islamic fundamentalism rise, which is already quite a  threat to 
the large territories. Of course, all those examples have strong historical and cultural drivers 
for the tension, though the reaction to globalization and control remission from the national 
governments is quite obvious, according to Giddens [9]. 
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3. Culture and Land

Ethnic feelings and aspirations for the preservation of originality of the cultures are 
deeply embedded in human consciousness. The issue today is to ensure the safe existence 
of a plurality of ethnic and national identities in the globalized world. And the answer may 
be found in the land itself, as soon as culture, traditions, customs, mythology are tightly 
bonded with the geographical environment, as well as economic activity and lifestyle of its 
inhabitants. Humankind is a part of nature; we exist within nature and are subordinated to its 
laws. Even distinctive features of national character depend on the environment. Geography 
can answer a lot of historical questions so far. Cosgrove [7] admits that for historians, the 
ongoing reconnection with the questions of space and spatiality is significant because 
“recognizing that where events occur contributes a great deal toward understanding how and 
why they occur”. The scientific attempt to explain the way of social development, economic 
activity and culture through the lens of the geographical conditions, including relief and 
climate, had become popular in sixteen and seventeen centuries in Europe, especially in 
France, and is known as ‘geographical determinism’. Later the enhancing deep and organic 
links between culture and the land was used to strengthen the national feelings. According to 
Cosgrove [7], in nineteen century Germany, after the unification of the country, the questions 
of the relationship between nation, state, and space were dominant in geography. All over 
Europe, the revival of regional literature and folk culture emerged alongside with the need 
in preserving the authentic character of the nation. In America, parkways were designed “to 
provide citizens with sentiments of national pride in the dramatic landscape vistas opened up 
from their automobile windshields” [7]. It was even such pragmatic item as a topographical 
map, the series of which were developed for the military purposes in European countries in 
the late eighteenth century that served for national consolidation as well by means of visual 
and artistic enhancing of distinctive features of the land. For example, on British maps 
archaeological sites were emphasized with the lettering denoting different historical periods; 
on French maps, the population of every commune was highlighted in a remembrance of 
the great losses in wars and revolutions of the nineteenth century. The most spectacular 
was Swiss map named after cartographer Guillaume-Henri Dufour. The defining element of 
the territory, The Alps, is visually enhanced and dramatized with the help of hatching and 
shading, so the mountainous topography seems very deep and almost tactile. The borders 
between different Swiss cantons yield to the consolidating power of the unique relief. So, the 
Dufour map, as stated on the Federal Office of Topography website, “became a symbol for 
the emergence of the modern Swiss nation founded in 1848” [19]. Cosgrove [7] gives the 
following conclusion to the tendency: “these topographic series act as pictorial expressions of 
national landscapes and their role in constituting and expressing cultural identities within the 
boundaries of national space”. 
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4. Landscape as social and natural construction

The connection between landscape and national or ethnic identity was effectively 
exploited much earlier, though it has not been very widely known until recently. In fact, 
it is this deep link that was at the heart of the Northern European landscape art of sixteen 
and seventeen centuries [7, 15, 1]. As Kenneth Olwig [15] points out, that was the time of 
a  local search for alternatives “not only to the universalism of the Roman Catholic church, 
but to the universalism of written, codified, Roman law which that church had introduced to 
Northern European society”. So, the local communities turned to legal principles that were 
embodied in customary Northern-European law and rooted to the land itself. Originally, 
painted landscape was “imbued with meanings, etched by custom in the land, that were at the 
heart of the major political, legal, and cultural issues of the time” [15]. The landscape itself 
was understood as a phenomenon shaped by both natural and cultural forces. Community 
with the common laws and traditions and the land they worked on formed a ‘landscape’. This 
understanding of landscape has quite faded when the genre of landscape painting was taken 
to England where it became popular as an art of representation of pastoral countryside scenes, 
and it was not until the last few decades when landscape have been finally reconnected with 
its original sense. For example, Olwig [15] agues for landscape to be conceived as a nexus 
of community, justice, nature and environmental equity; Cosgrove [7] supports the point 
as he writes that “the unity of fellowship and rights within the community and the space 
over which fellowship and rights held sway constituted the Landschaft”; and a prominent 
American landscape architect J.B. Jackson [10] stated that “landscape is not a natural feature 
of the environment but a synthetic space, a man-made system of spaces superimposed on the 
face of the land […] to serve as infrastructure or background for our collective existence; and 
if background seems inappropriately modest we should remember that in our modern use of 
the word it means that which underscores not only our identity and presence, but also our 
history”. So, landscapes mirror the cultures that have made them, and they are strongly related 
to people. Landscapes do not only contain the traces of cultural formation over time but are 
also the products of the culture. Thus, it can be stated that landscape has an embedded power 
to support people’s identity.

5. Identity: sense of belonging and sense of place

Experiencing a deep connection with a place is a guarantee for an ethnic or national group 
to feel safe in our era of non-stable, uncertain fast and ‘liquid’ modernity. The concept of 
identity, according to Kaymaz [11] is linked to the concepts of language, culture, minority/
majority, dissimilarity, self/other, individuality and sense of belonging. When we meet 
someone new we often represent ourselves by mentioning the place we were born or where 
we have grown up, as well as we can mention our country or nationality. Our identification 
relies on a certain territory so far. Life does not exist in a vacuum, it happens in places and 
therefore is deeply rooted in them. The social connections among people cannot be studied 
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without taking into account the spatial structure of a city or region they inhabit. There is 
a mutual influence of people and space, and Henri Lefebvre [12] argues that people are 
“producing space” during their life and work activity, as well as space significantly influences 
the formation of social structure. Christopher Tilley [17], author of the Phenomenology of 
Landscape, states that landscape does not exist without people, and “to be a human – is to 
be fundamentally connected to a place”. Hence, understanding the principle of the spatial 
structure of any historic landscape is the key to grasp the way of its inhabitants’ thinking. 
There are semantic differences between concepts of ‘space’ and ‘place’, and one of them is the 
meaning and values society and individuals puts in it: when space is assigned with meanings, 
it becomes a place. The emotional bonds with a place are essential for psychological balance 
and well-being, for the feeling of safety and sense of community [11]. People tend to hold to 
familiar symbols and connections that define their identity. Kevin Lynch [13], in his Image 
of the City, had mentioned few very interesting examples on the point.  For instance, when 
Maasai people in Eastern Africa were moved to the reservation, they took the names of their 
native hills, rivers and valleys and gave them to the landscape features on the new territory. 
He had also writhed on immigrants from Sweden in the USA who looked for a special 
‘Swedish’ landscape to settle in, and English colonists who brought recognizable urban and 
architectural elements such as telephone boxes, handrails, typical decoration details to the 
Indian cities [13]. In his phenomenological works, Norwegian architect, Christian Norberg-
Schulz, examines the questions of existential rooting of people in the territory. He compares 
Norwegian people to deep woods with a soft ground, covered with leaves; to the rough 
rocky shores with islands and cliffs, washed by the waves; to the vast mountain valleys and 
waterfalls; to the snowfalls and light winter nights. He thinks that native landscape is always 
within people and, as soon as the identity comes from childhood, it stays there forever [14].

The sense of belonging naturally presumes the existence of the image of the place, whether 
it may be collective or individual. Landscape can represent and identify a certain culture by 
means of its visual image, which can be converted into well-recognizable ‘brand’ for the outer 
world. Recognizable place identity can be formed on the basis of the distinctive features. 
Among the elements of place identity, there are significant natural features, history, culture, 
familiar names as well as special social values based on a lifestyle and traditions. Cities and 
regions are searching for the individual image nowadays. Readable and perceived authenticity 
of place helps to compete on a global scale for the human, financial and informational flows 
[8]. Although, however important the visual image is, the identity of a place is not only what 
we see, but also what we experience within a certain place, how do we perceive it with all our 
senses. Yi Fu Tuan [18] thinks that it is the special experience what gives a place its identity 
and aura: “experience is a cover-all term for the various modes through which a person knows 
and constructs a reality.  These modes range from the more direct and passive senses of smell, 
taste, and touch, to active visual perception and the indirect mode of symbolization”. Experience 
is the key action in the development of human-place bond [11]. We may refer once again to 
J.B. Jackson [10] writing, who was particularly interested in vernacular or ‘inhabited’, as he 
called them, landscapes. These are the places of which character and individuality comes from 
the sets of habits and customs accumulated by people over the centuries of a slow adaptation 
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to a place – “to the local topography and weather and soil, and to the people, the superfamily 
which lived there: a special accent, a special way of dressing, a special form of greeting; special 
dances and holidays – all the picturesque idiosyncrasies that are the stuff of tourist folklore, 
and then some: passwords and gestures, taboos and secrets–secret places and secret events 
that exclude the outsider more effectively than any boundary. Strange how many of these 
customs, these ways of identifying an inhabited landscape and its inhabitants are sensory: 
the unmistakable taste of a local dish or a local wine, the smell of certain seasons, the sound 
of a local song!” [10]. So, these are not just physical and visible features and the history, that 
makes the sense of the place, but there is its spirit, which can be perceived irrationally but 
cannot be totally grasped. It is weaved in one’s impressions, associations, feelings, it evokes 
the imagination and leaves afterward deep, rich and complex aftertaste. Spirit of a place is 
something that stays the same in constantly changing conditions. 
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Abstract
The ISO 13790 standard presents two quasi-stationary calculation methods for including  greenhouse 
systems in the evaluation of a building’s energy balance – a detailed and a simplified method. These 
adopt different assumptions with regard to solar gains in sunspace and in adjacent heated rooms; thus, the 
calculation results of the internal temperature of the sunspace and the energy demand in heated spaces may 
differ. This work presents the comparison of energy effects achieved due to the sunspace in an example 
living space, calculated by means of both quasi-stationary methods and more accurate dynamic simulations 
with an hour time step. Analysis of the results obtained by means of the described methods has enabled the 
identification of the advisable range of each of the calculation methodologies.
Keywords: passive greenhouse systems, ISO 13790, dynamic simulations, energy demand

Streszczenie
Norma ISO 13790 prezentuje dwie metody uwzględniania systemów szklarniowych w bilansie 
energetycznym budynku – metodę pełną i uproszczoną. Oparte są one na różnych założeniach dotyczących 
modelowania zysków słonecznych w szklarni i przyległych pomieszczeniach mieszkalnych, tak więc wyniki 
obliczeń temperatury wewnętrznej i zapotrzebowania na ciepło mogą się różnić. W artykule porównano 
efekty energetyczne uzyskane dzięki zastosowaniu szklarni przylegającej do przykładowego pomieszczenia 
mieszkalnego, wyznaczone za pomocą obu metod quasi-stacjonarnych i bardziej dokładnego modelowania 
dynamicznego z krokiem godzinowym. Analiza wyników pozwoliła na zaproponowanie zalecanego zakresu 
stosowania każdej z metod obliczeniowych.
Słowa kluczowe: pasywne systemy szklarniowe, ISO 13790, symulacje dynamiczne, zapotrzebowanie na energię
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1. Introduction

Greenhouse systems are an important element of energy-efficient architecture oriented for 
the passive use of solar radiation [3, 7]. The non-heated sunspace influences the transmission 
of energy in a building, reducing heat loss from adjacent rooms. In order to adequately 
estimate the potential gains connected with the use of a greenhouse system, it is necessary 
to properly take it into account the energy balance of the building. One of the possibilities 
for carrying out such analyses is the methodology included in the ISO 13790 standard [5]. 
Quasi-stationary methods designed for the purpose of engineering calculations are based 
on the assumption of there being a steady heat flow through the constructional partitions. 
Calculations are carried out using climatic parameters averaged for lengthy periods of time 
(usually one month) and the phenomena connected with the dynamic processes such as heat 
accumulation and release are taken into account due to the introduction of a dimensionless 
gain utilisation factor. 

The E enclosure of standard [5] includes two calculation methods for sunspaces – the 
detailed method and the simplified version – these differ in their basic assumptions as well 
as the manner in which they take into account the solar gains within the confines of the 
sunspace area and the adjacent heated spaces. The work presents the comparison of energy 
effects achieved as a result of a sunspace in an example living space, calculated by means of 
both methods relating to the quasi-stationary state and more accurate dynamic simulations 
with an hour time step. The results have enabled establishing the advisable range of each of 
the calculation methodologies.

2. ISO 13790 methodology

2.1. Calculating heat gains from the sunspace – the detailed method

The method presented in standard [5] is only relevant for sunspaces without either heating 
or cooling. Heat losses through partition walls between the living space and the sunspace are 
determined whilst taking into account the temperature correction factor btr, which refers to 
heat release to an area with a higher level of temperature than the outside temperature. The 
influence of solar gains upon the sunspace temperature θs is not taken into account; only 
heat transmission through the partition wall and the sunspace casing is considered. This is 
compensated for by taking account of the indirect solar gains from the sunspace Qsi in the 
energy balance of the living space. The temperature correction factor is calculated as:
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where:
θint,H  –  internal temperature in the heating period [°C],
θe  –  average external temperature during the calculation period [°C],
θs  –  average internal temperature in the sunspace during the calculation period [°C],
His  –  heat transfer coefficient of the partition wall between the living space and the 

sunspace [W/K],
Hse  –  heat transfer coefficient of the sunspace envelope to the outside [W/K].

Heat gains in the heated part of the building Qss [MJ] obtained through the sunspace are 
treated as the sum of direct Qsd and indirect Qsi gains:

  Q Q Qss sd si� �  (3)

Direct heat gains reach the air-conditioned area through the partition wall between the 
sunspace and the living space. These gains result from repeated transmission (first through 
the glazing of the sunspace and then through the glazed elements, e.g. windows or the door 
in the partition wall) or the transmission and absorption of radiation on the partition surface. 
According to [5], direct heat gains are calculated as:
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where:
Fsh,e  –  shading correction factor taking into account shading from external obstacles [–],
FF,e  –  frame area fraction in the sunspace envelope [–],
FF,w  –  frame area fraction in the window in the partition wall [–],
ge  –  effective total solar energy transmittance of glazing in the sunspace envelope [–],
gw  –  effective total solar energy transmittance of glazing in the window in the 

partition wall [–],
Aw  –  area of the window in the partition wall [m2],
Ap  –  area of the opaque part of the partition wall [m2],
αp  –  solar absorption factor of the opaque part of the partition wall [–],
Hp,tot  –  total heat transfer coefficient between the internal environment and the outer 

environment (through the partition wall and the sunspace envelope) [W/K],
Hp,e  –  total heat transfer coefficient between the absorbing surface of the partition 

wall and the outer environment [W/K],
Ip  –  solar irradiance on the partition wall surface during the calculation period 

[W/m2],
t  –  duration of the calculation period [Ms].

Indirect gains are gains released to the air within the sunspace by means of the sunspace 
casing absorbing solar radiation and heating up. These are treated as gains coming from the 
non-heated space with the correction factor (1 – btr) – they are calculated by summing up the 
gains coming from every opaque absorbent surface within the capacity of the sunspace and 
subtracting the gains directly transmitted through the partition wall by the way of conduction:
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where:
Ij  –  solar radiation on surface ‘j’ of the sunspace internal envelope in the calculation 

period [W/m2],
αj  –  solar absorption factor of the opaque part of the sunspace internal envelope [–],
Aj  –  area of the surface ‘j’ of the sunspace opaque internal envelope [m2]
  (the rest of the symbols are as explained above).

2.2. Calculating heat gains from the sunspace – the simplified method

On a national level, it is permissible to use the simplified method including the following 
modifications:

 ▶ in the living space, the solar gains from the sunspace are disregarded – the heat balance 
does not include either direct gains transferred through the opaque and glazed parts of 
the partition wall or indirect gains due to absorption through the sunspace casing

 ▶ these gains are considered by employing the temperature correction factor btr* during 
the calculation of the heat transmission from the heated space to the sunspace; it is then 
assumed that the temperature in the sunspace θs* is a result not only of the inflow and 
the outflow of heat through the casing (as in the detailed method) but also of the solar 
gains:
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where:

Φu  –  average solar gains in the sunspace during the time step [W]
  (the rest of the symbols are as explained above).

3. Dynamic simulations

Simulation methods of greater complexity require the execution of computer calculations. 
The calculation step adopted here is much shorter than in the quasi-stationary methods –
it may be, for example, one hour or a dozen or so minutes. Depending upon temperature 
changes and solar irradiance, this step enables taking into account the processes of heat 
exchange as discrete dynamic processes [1]. Dynamic simulations may also serve as a certain 
kind of ‘validation’ of less accurate methods, such as quasi-stationary methods [6, 8, 9, 11].

Postulates concerning the possibility of using the generally available simulation tools for 
modelling greenhouse systems formulated on the basis of various research works [12, 15, 17] 



77

are included in paper [4]. The main demands that should be met by the computer programs 
in order to properly calculate the solar gains in highly glazed spaces are as follows:

 ▶ the possibility to define the real geometry of the space and the glazed elements taking 
into account their dimensions, placement in the partitions and situation concerning 
geographical location; it is also necessary to take into account directional optical 
properties of the glazing,

 ▶ the thorough analysis of the solar radiation reaching the casing of the spaces taking into 
account division into the directional and the diffuse component and also the precise 
modelling of the radiation falling on the inclined surfaces (e.g. with the use of models 
taking into account anisotropy of the diffuse radiation),

 ▶ the description of radiation transmitted into the spaces taking into account the actual 
path of the beam passing through the glazing – it is not sufficient to differentiate 
the directional radiation falling at the particular internal partitions according to the 
absorptance-weighted area ratios or the view factors used for modelling the radiation 
heat exchange,

 ▶ the possibility of taking into account the long-wave radiation heat exchange with the sky.
In the current paper, the calculations are performed by means of the BSim program 

fulfilling the above recommendations [18]. For every air zone of the building under 
investigation, a balance is formulated which takes into account the heat stream passing 
through the casing, solar irradiance transmission through transparent elements, heat streams 
generated by the installation systems and transmitted through ventilation and infiltration or 
inter-zone air mixing. The necessary climate input parameters include air temperature, the 
intensity of direct and diffuse solar radiation and the relative air humidity. Data concerning 
wind direction and velocity may also be necessary, especially if there is a need to model the 
air exchange more precisely.

4. Comparison of the presented calculation methods

The energy demand obtained for an example living space adjacent to the sunspace and 
designated by means of the detailed and simplified ISO 13790 algorithms is presented 
below. Some adjustments (fully described in [2]) were introduced to the original equations 
in order to model the distribution of solar irradiance within the sunspace. The results were 
compared with the dynamic simulations of the same room layout which were performed with 
assumptions as similar as possible to the assumptions of the stationary state methods.

The living space has two outer walls – the southern wall (adjacent to a glazed balcony) and 
the western wall. The glazing of the balcony is at a height of 1.1 m (Fig. 1) and the absorption 
coefficient of the inner surfaces of the sunspace envelope is 0.2, 0.5 and 0.8. The insulating 
properties of the living space partitions are relatively high – this is characteristic of buildings 
constructed in Poland after 2014 (Table 1). In addition to the solar gains in the living space, 
there are also internal heat gains at a level of 3.0 W/m2. The air exchange in the room is 0.5 l/h 
and is transferred from the outside in order to fulfil the assumption of standard [5] concerning 
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the lack of air flow between the sunspace and the conditioned space. The climate data used for 
the calculation was the data of a typical meteorological year in Warsaw [17].

Fig. 1. The outline of a room and a sunspace in the BSim program

Table 1. Selected parameters of building partitions

No. Partition type
Thermal transmittance coefficient [W/m²K] Total solar energy 

transmittance [–]

Opaque part Window Glazing

1 living space 0.24 1.20–1.23 0.63

2 balcony 0.50 1.66–1.69 0.62

In the calculations prepared according to the ISO 13790, the distribution of the solar 
radiation falling upon particular surfaces of the sunspace was determined as proportional to 
the absorptive properties of the surfaces and their areas; it is the simplest method quoted by 
literature [12, 13, 15].

For the purposes of comparing the chosen calculation methods, the parameters of air 
temperature in the sunspace and energy demand in the living space are presented below in 
Tables 2 and 3.

Table 2. Air temperature [°C] in the sunspace during the heating season, DS – dynamic simulation,  
ISO d – detailed method, ISO s – simplified method

No. Envelope 
absorptivity Method

Month
MAPE

IX X XI XII I II III IV V

1

α = 0.2

DS 19.2 13.6 8.4 6.3 5.6 6.2 11.6 13.7 19.3

2 ISO d 14.2 10.4 6.2 4.5 2.8 3.1 7.4 8.9 13.7 34.0%

3 ISO s 27.3 18.6 10.3 7.8 8.5 10.0 18.5 23.7 32.6 48.8%

4

α = 0.5

DS 21.1 14.8 9.0 6.7 6.3 7.0 13.2 15.4 21.6

5 ISO d 14.2 10.4 6.2 4.5 2.8 3.1 7.4 8.9 13.7 40.2%

6 ISO s 27.3 18.6 10.3 7.8 8.5 10.0 18.5 23.7 32.6 34.2%

7

α = 0.8

DS 22.0 15.3 9.2 6.8 6.6 7.4 13.8 16.1 22.6

8 ISO d 14.2 10.4 6.2 4.5 2.8 3.1 7.4 8.9 13.7 42.0%

9 ISO s 27.3 18.6 10.3 7.8 8.5 10.0 18.5 23.7 32.6 29.0%

According to both the detailed and simplified ISO 13790 method, the ability of the inner 
surfaces of the sunspace casing to absorb radiation does not influence its inner temperature. 
The temperature is identified as being dependent only on heat inflow and outflow through 
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transmission or as a derivative of the total solar gains passing through the glazing and the thermal 
properties of the casing. As a result of the assumptions, the detailed method underestimates 
and the simplified method overestimates the interior temperatures – this can be clearly seen 
in the spring and autumn months (Fig. 2). Dynamic simulation results prove the increase of 
inner temperature along with the increase of absorption properties of the surface. Temperature 
assumes the intermediate values between the results obtained for the detailed and simplified 
method that may be regarded as the upper and lower limits of the actual inside temperature. 

Fig. 2. Air temperature in the sunspace during the heating season, α = 0.5

The average monthly temperatures obtained from the particular methods were compared 
with the dynamic simulation results with the use of the mean absolute percentage error 
(MAPE): 
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where:
n  –  number of predicted values,
A  –  exact value (based on the dynamic simulations),
F  –  predicted value (based on the ISO 13790 calculation method).

If the MAPE value > 15% (which is true for all cases), then the forecasts are inaccurate 
and should not be accepted for the analysis of the phenomena [14]. Neither of the ISO 13790 
methods can be considered to be accurate enough for predicting the sunspace air temperature.

Neither of the ISO 13790 methods are supposed to accurately represent the course of heat 
demand in the particular months of the heating season, but only to produce a close counterpart 
for the more accurate final result. On the basis of the MAPE values, the monthly course of heat 
demand cannot be counted among the acceptable forecasts (MAPE ≤ 15% acc. to [14]).

The quasi-stationary ISO 13790 methods should be ‘conservative’ methods by assumption, 
i.e. they should overestimate the seasonal heat demand in comparison to the calculations using 
the hour time step, whereas the detailed method (as the more accurate version) should present 
a lower heat demand. Such a regularity can be seen in two calculation cases – α = 0.5 and 0.8. 
In these cases, the differences between the detailed ISO 13790 method and the simulations are 
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from 7.1% to 15.5% and the differences between the simplified ISO method and the simulations 
are from almost 21% to 28%. Approximation of this kind, in the author’s opinion, may be 
regarded as satisfying in the engineering calculations.

Table 3. Energy demand in the living space [kWh] during the heating season, DS – dynamic simulation,  
ISO d – detailed method, ISO s – simplified method

No.
Envelope 
absorpti-

vity
Method

Month
Sum ISO/ 

SD* MAPE
IX X XI XII I II III IV V

1

α = 0.2

DS 0.4 59.5 130.8 164.6 171.4 150.4 92.3 63.9 17.1 850.4

2 ISO d 8.2 78.0 153.7 187.8 203.4 176.0 113.0 73.1 3.7 996.8 17.2% 34.8%

3 ISO s 0.0 66.8 148.2 183.2 195.6 167.4 97.6 53.2 0.0 912.0 7.2% 31.6%

4

α = 0.5

DS 0.0 42.1 124.2 159.8 163.3 141.5 74.2 43.6 6.1 754.7

5 ISO d 1.2 60.2 145.0 180.5 190.9 162.4 88.5 42.8 0.3 871.8 15.5% 24.6%

6 ISO s 0.0 66.8 148.2 183.2 195.6 167.4 97.6 53.2 0.0 912.0 20.8% 31.6%

7

α = 0.8

DS 0.0 35.0 121.1 157.5 159.4 137.3 65.7 36.0 1.1 713.0

8 ISO d 0.2 43.0 136.2 173.2 178.5 148.7 64.5 19.1 0.0 763.4 7.1% 23.6%

9 ISO s 0.0 66.8 148.2 183.2 195.6 167.4 97.6 53.2 0.0 912.0 27.9% 41.2%

* change of the total energy demand during the heating season in the ISO method compared with dynamic 
simulations 

The results obtained for the smaller absorptive surface properties (α = 0.2) may evoke 
certain doubts with regard to the accurate representation of the physical processes of both 

Fig. 3. Energy demand in the room during the heating season, α = 0.5

methods of standard [5]; however, the differences between them and the dynamic simulations 
at worst approach 17.2%. If the absorptive properties of the surface of the sunspace casing 
are small, the detailed ISO method presents the highest energy demand which results from 
connecting the smaller direct solar gains with an insufficient regard for the buffer effect of the 
sunspace resulting from the underrated internal temperature and the indirect gains. In the 
case of lower absorptive properties, the simplified ISO method has proved to be closer to the 
dynamic simulations as it overestimates the buffer effect of the sunspace.
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5. Summary  

To confirm, the ISO 13790 methods enable the satisfactory representation of an example 
sunspace with a relatively small proportion of glazed partitions and a higher radiation 
absorption inside the casing, i.e. a space similar to traditional spaces as far as the utilisation 
of solar radiation is concerned. The phenomena typical of highly glazed spaces (specifically, 
the retransmission of reflected radiation) are not satisfactorily taken into account in the 
calculation methodology of the ISO standard. This causes greater divergence between the 
results obtained for the high reflectivity of the casing surface.

It is necessary to remember that the above analyses were carried out for a particular radiation 
distribution inside the sunspace. Adopting a more precise representation of radiation on the 
surface [16] could influence the accuracy of the calculations; however, a detailed analysis of 
the radiation route exceeds the scope of engineering calculations for which the ISO 13790 
methodologies were designed.

Out of all the presented calculation methods, dynamic simulation is the technique which 
takes the largest number of factors into account which influence the functioning of a sunspace, 
these are:

 ▶ the spatial character of solar radiation,
 ▶ the optical properties of glazing with regard to the function of the radiation angle of 

incidence, 
 ▶ radiation retransmission resulting from reflections within the sunspace,
 ▶ various absorptive properties of surfaces,
 ▶ sunspace ventilation and the air flow between the sunspace and the conditioned 

accommodation.
Thus, dynamic simulation is the method of greatest research potential, provided that it 

is appropriately used and that the results obtained are validated as much as possible in the 
conditions of the actual functioning of the objects in question.
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Abstract
This paper presents an analysis of the parameters of surface deformation prediction theory carried out for 
a hard coal mine in the Upper Silesian Coal Basin. Two areas of the coal mine were used as the subject of 
this analysis – in these areas, underground mining with roof caving was carried out in similar geological 
conditions for various numbers of seams, and consequently, for various rock mass disturbance rates. In order 
to estimate the parameters of the surface deformation prediction theory, i.e. the exploitation coefficient and 
the angle of the main range of influences, geodesic measurements of subsidence along the observation lines 
were used. The study shows that rock mass disturbance affects the values of the Knothe theory parameters 
and the values of the surface deformation indicators. In the case of a larger number of selected seams, the 
determined value of the exploitation coefficient was larger than the determined value in the case of a less 
disturbed rock mass. Assuming inappropriate parameters for surface subsidence prediction may cause 
unexpected damage to surface objects.
Keywords: mining, intensity of exploitation, surface deformation, subsidence prediction 

Streszczenie
W artykule przedstawiono analizę parametrów teorii prognozowania deformacji powierzchni terenu, którą 
wykonano dla jednej z kopalń węgla kamiennego w Górnośląskim Zagłębiu Węglowym. Analizie poddano 
dwa rejony kopalni, dla których w zbliżonych warunkach geologicznych prowadzono eksploatację z zawałem 
stropu dla różnej liczby pokładów, a więc różnego zruszenia górotworu. W celu oceny wartości parametrów 
teorii prognozowania, czyli współczynnika eksploatacji oraz kąta zasięgu wpływów głównych, posłużono 
się pomiarami geodezyjnymi obniżeń na liniach obserwacyjnych. Na podstawie przeprowadzonych badań 
stwierdzono, że zruszenie górotworu wpływa na wartości parametrów teorii Knothego, a więc i wartości 
wskaźników deformacji powierzchni terenu. Przy większej liczbie wybranych pokładów uzyskano większą 
wartość współczynnika eksploatacji niż przy mniejszym zruszeniu górotworu. Przyjęcie niewłaściwych 
parametrów do prognozy może powodować, że zakładane uszkodzenia w obiektach znajdujących się na 
powierzchni terenu będą inne niż oczekiwane. 
Słowa kluczowe: górnictwo, intensywność eksploatacji, deformacje powierzchni, prognozowanie obniżeń
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1. Introduction

Underground mining is consistently accompanied with the phenomenon of rock mass 
disturbance. It is assumed that the fracture of the rock mass occurs as a result of the movement 
of rocks into the excavated void. The disturbed rock mass remains in a state of relative balance, 
whereas the range and intensity of fracture depends upon the rock structure and overburden 
loading. The influence of rock mass disturbance on surface subsidence may be estimated 
using the parameter values of the surface deformation prediction theory.

The Knothe theory is most frequently used in the prediction of mining-induced surface 
deformation [1, 8, 15]. Crucial parameters of the influence function include the exploitation 
coefficient a, the angle of the main influences range β and the perimeter A1. In addition, the 
depth of exploitation H and the thickness of the coal seam g are also essential.

The exploitation coefficient a is determined using the relationship between the largest 
possible subsidence forming at the bottom of the complete or incomplete trough and the 
average thickness of the excavated coal seam. Its value is dependent upon the method of 
exploitation, the method of post-mining void liquidation and the ratio of the seam excavation. 
The exploitation coefficient can be determined on the basis of the mining conditions in the flat 
section of the trough. The largest surface subsidence occurs during underground mining with 
roof caving in which the most frequently assumed value is a = 0.7–0.8. Numerous research 
studies show that the value may increase in rock mass affected by previous exploitation [5, 15].

The angle of the main influences range β is determined using the relationship between the 
depth of exploitation and the radius of the main influences range r; its value is most frequently 
determined by matching the trough obtained on the basis of the geodesic measurements 
to the theoretical trough. This allows the determination of the radius of the range r, and as 
a result, also the angle β. The value of the angle β is normally assumed to be in the range of 
60–65° and depends upon such geological and mining factors as the method of backfilling 
of the excavated voids, the depth of a particular seam, the thickness of the strata overburden 
above the Carboniferous layers, or the disturbance of the analysed rock mass. 

The perimeter A1 is another parameter utilised for the prediction of surface deformation 
indices. The perimeter determines the movement of the profile of the subsidence trough in 
the direction of the goaf and describes the asymmetry of the profile of the subsidence trough. 

The accuracy of the surface deformation prediction largely depends upon the credibility of 
the assumed parameters of the theoretical model, i.e. the exploitation coefficient and the angle 
of the main influences range. For mining with roof caving, the following values of the parameters 
are most frequently assumed for the surface deformation prediction: a = 0.8 and tgβ = 2.0. As 
numerous earlier research studies show, the values of the theory parameters generally depend 
upon the factors affected by geological and mining conditions [2, 6–11, 13, 14]. 

Nowadays, as a result of multi-seam mining exploitation at continually increasing depths, 
the obtained results often fail to represent the complete subsidence troughs; therefore, only 
occasionally is it possible to determine the theory values in a traditional way. In such cases, the 
determination of the parameters of the influences should be carried out with the application 
of specialist software [1, 3, 4, 12].
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The paper presents the results of a study on the influence of rock mass disturbance on the 
value of the exploitation coefficient a and the angle of the main influences range β, which were 
determined using the TGB1 software. In fact, the analysed surface is a typical urban area – the 
precision of determining the above-mentioned parameters is of crucial importance [1, 12].

2. Research results in the areas subject to observations

The hard coal deposit in the area embraced by the observation study possesses an industrial 
value down to a depth of approx. 1,000 m. The following strata can be differentiated in the 
geological structure of the analysed area: the Quaternary (the Holocene, the Pleistocene), the 
Tertiary (the Miocene) and the Carboniferous strata (the ‘Orzeskie’ and ‘Rudzkie’ layers). 

The Quaternary strata in the analysed area consists of alluvial sand, sand with gravel, 
and silty clay transforming into silt. The Tertiary strata deposited immediately above the 
Carboniferous layers consists of loam, claystone with small interlayers of silty sand and silt. 
These interlayers have varied thicknesses, depending upon the varied morphology of the 
terrain surface. 

The Carboniferous rocks are mostly represented by siltstone, siltstone with sand inclusions 
and sandstone; however, the coal deposits are grouped as the ‘Orzeskie’ layers. 

The study embraced two areas of the same coal mine in the Upper Silesian Coal Basin 
in the first area, three seams were subject to exploitation, whereas in the second area, the 
exploitation was executed in as many as eight seams. In both analysed areas, the mining was 
executed using the longwall system with roof caving. 

In the areas subject to the study, the prevailing part of the terrain was an urban area with 
one- or two-storey buildings, mostly grouped along the transport roads, creating a rather 
loose and dispersed village-like settlement. In addition, dense and multi-storey settlements 
appear in the area, which is typical for the residential areas of a large city. In the analysed areas, 
there are also public buildings and industrial plants. 

Area 1
In the period between November 2011 and September 2016, eight longwall panels 

situated in three coal seams (362/1, 401/1 and 404/1) were exploited in the analysed area. 
The average thickness of the excavated panels ranged between 1.90 m and 4.20 m, whereas the 
average depth of exploitation ranged between 900 m and 1,000 m. 

Figure 1 presents the distribution and shape of particular longwall panels along with the 
positioning of the measurement line.

Measurements along observation line XVII are regularly carried out once a year. The 
subsidence of measurement line XVII in particular points ranged from 0.10 m (in the points 
19–24) to 0.90 m (in the part closer to the end of the line, i.e. points 35–37) (Fig. 2). In 2015, 
the bottom of the trough was formed. While analysing the subsidence of particular points in 
time, it can be seen that the significant subsidence began to occur in the end of 2014 and its 
development is still in progress in all the points. 
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On the basis of the deformation analysis in line XVII, the parameters of the surface 
subsidence prediction theory have been determined (Table 1). 

Table 1. Parameters of the Knothe theory for line XVII  
in the period 2011-11-25 to 2016-09-14

Parameters Values

parameters of prediction theory

a 0.70

A1 0.150

tgβ 1.97

coefficient of correlation r 0.987

standard deviation [mm] σ 36.8

variability index [%] Mw 4.1

maximal subsidence [m] wmax 0.91

The obtained values can be considered as typical for rock mass either undisturbed by 
earlier exploitation or slightly disturbed. The comparison of the subsidence measured in line 
XVII in the selected period of time with the subsidence calculated according to the Knothe 
theory is presented in Fig. 3.

Fig. 1. Distribution and shape of exploitation in the period 2011-11-25 to 2016-09-14 in the area of line XVII

Fig. 2. Subsidence trough in observation line XVII
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Fig. 3. Matching the measured subsidence with the calculated subsidence along line XVII  
in the period 2011-11-25 to 2016-09-14

Area 2
In the analysed area, eight coal seams (340/2, 346/1, 347/1, 355/1, 356/1, 357/1,  

360-1, 361) were mined out with roof caving from April 1986 to March 2016 at depths 
ranging from 464 m to 961 m. The average thickness of the total 60 excavated longwall panels 
ranged between 1.3 m and 2.6 m. 

It should be pointed out here that the exploitation was executed directly below the middle 
part of the observation line. The distribution and shape of particular panels and the positioning 
of the measurement line in the analysed area is presented in Fig. 4. The measurements along 
line XI have been conducted at a frequency of once per year since April 1986.

Fig. 4. Distribution and shape of exploitation in the period  
April 1986–March 2016 in the area of line XI
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The subsidence in measurement line XI at particular points changed in the range from 
approx. 0.15 m on the edges of the line to 4.29 m at the point H 23.0 (Fig. 5). Therefore, 
a classical incomplete subsidence trough was created – this was close to being symmetrical in 
its middle part. Insignificant and homogeneous rates of subsidence at the end points of the 
line with values of approx. 0.15 m clearly indicate a lack of serious exploitation impact. 

Fig. 5. Subsidence trough along observation line XI

The determined parameters on observation line XI in the analysed period are presented in 
Table 2. The obtained values indicate that the increased number of excavated longwall panels, 
especially immediately below the measurement line, causes an increase in the values of the 
surface subsidence and, as a result, the theory parameters also reach values higher than those 
which are typical. 

Table 2. Parameters of the Knothe theory for line XI  
in the period April 1986–March 2016

Parameters Values

parameters of prediction theory

a 0.91

A1 0.144

tgβ 2.15

coefficient of correlation r 0.986

standard deviation [mm] σ 221.5

variability index [%] Mw 4.9

maximal subsidence [m] wmax 4.49

A comparison of the subsidence measured along line XI in the selected period of time 
(April 1986–March 2016) with the subsidence calculated theoretically is presented in Fig. 6.
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3. Analysis of results

The parameter values of the function of influences, i.e. the exploitation coefficient a and 
the angle of the main influences range tgβ, were obtained from the calculations. The analysis of 
the results indicates that the rock mass disturbance affects the values of surface deformation, 
as well as the volume of mining damage. Depending on the assumed values of the prediction 
theory parameters, the differences in determining the values of surface subsidence in both 
selected areas can be presented in the form of an isoline.  

Area 1
The values of surface subsidence in the first selected area were determined for the commonly 

assumed prediction parameters (a = 0.80, tgβ = 2.0), as well as for the parameters a = 0.70 and tgβ 
= 1.97 determined in geodesic measurements in observation line XVII. Fig. 7 and Fig. 8 present the 
isolines of surface subsidence determined for both variants of the assumed prediction parameters. 

Fig. 6. Matching the measured subsidence with the calculated subsidence  
along line XI in the period April 1986–March 2016

Fig. 7. Subsidence with the standard theory parameters a = 0.80 tgβ = 2.0
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The deformation prediction, utilising the determined values of the parameters (i.e. a = 0.7 
and tgβ = 1.97), results in obtaining maximum real values of the urban area subsidence that 
are smaller by 0.25 m. In the case of only slightly disturbed rock mass, the values of surface 
subsidence are smaller than the values obtained with the use of the commonly assumed 
parameter values (i.e. a = 0.8 and tgβ = 0.2).

Fig. 8. Subsidence with the theory parameters a = 0.70 tgβ = 1.97 obtained  
from the geodesic measurements along line XVII

Fig. 9. Subsidence with the standard theory parameters a = 0.80 tgβ = 2.0
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Area 2
In the second selected area, the comparison embraced the values of the surface subsidence 

determined with the parameters commonly assumed for the prediction (a = 0.80 tgβ = 2.0) 
(Fig. 9), as well as for the parameters a and tgβ determined from the geodesic measurements 
along observation line XI. Figures 9 and 10 present the isolines of surface subsidence 
determined for both variants of the prediction parameters.

In the rock mass disturbed by multiple exploitation, the values of the prediction theory 
parameters determined from the measurements along the observation line were a = 0.90 and 
tgβ = 2.15. The comparison of the real subsidence with the subsidence expected from the 
prediction using the theory parameters (a = 0.80 and tgβ = 2.0) shows that in the selected 
area, the target subsidence was more than 0.5 m larger than expected in the analysed period 
of time. In the rock mass disturbed with by mining exploitation, the parameters a and tgβ 
have larger than standard values – this results in larger surface subsidence. The Knothe theory, 
commonly applied in the estimation of the impact of mining, refers to the predicting surface 
deformation and its consequences, hence the obtained results because of crucial practical 
importance due to the urban character of the area analysed in this study.

The prediction of surface subsidence induced by multi-seam mining exploitation requires 
particular calculations. In such calculations, the shape and dimensions of the mining field, as 
well as the exploitation coefficient and the angle of the main influences range, are essential. 
The present study shows that the values of the theory parameters should be assumed also in 
relation to the degree of rock mass disturbance.

Fig. 10. Subsidence with the theory parameters a = 0.90 tgβ = 2.15 obtained from the geodesic  
measurements along line XI
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In order to determine the optimal conditions for mining activities in urban areas, it is 
crucial to evaluate the state of each building existing in the premises of the designed mining 
exploitation. Such an evaluation should particularly embrace the state of damage in the 
building, the building construction, the general technical condition of the building related to 
its technical wear (including earlier mining damage), the predicted values and types of surface 
deformation of the terrain and the existing protection against mining damage. 

Assuming proper values of the prediction theory parameters for predicting surface 
subsidence is a crucial factor in determining the real values of surface deformation. Such an 
approach facilitates the adequate and precise determination of the influence of mining on 
terrain surface and building objects and, at the same time, helps to prevent or limit some 
negative consequences of mining activity to the natural environment and urban areas. 

4. Conclusions

1. The study on the exploitation coefficient a and the angle of the main influences range 
tgβ has been carried out for two areas of a selected coal mine. The analysed cases are 
characteristic of similar geological conditions and exploitation systems (underground 
mining with roof caving). They differ, however, in relation to the rock mass disturbance 
resulting from a different number of excavated coal seams.  

2. In the surface deformation prediction, the value of parameters a and tgβ should be 
adopted on the basis of matching the theoretical curve of subsidence with the curve 
of the subsidence obtained from the geodesic measurements. The values of the 
exploitation coefficient and the angle of the main influences range increase along with 
the increase of rock mass disturbance. 

3. Assuming the equivalent values of the exploitation coefficient and the angle of the 
main influences range facilitates the determination of surface subsidence; it also 
allows the prediction of the potential damage of the selected buildings and planning 
of the range of renovation works or preventive measures. 
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A particle size distribution measurements of selected building 
materials using laser diffraction method

Pomiary wielkości rozkładu cząstek wybranych materiałów 
budowlanych z zastosowaniem metody dyfrakcji laserowej

Abstract
This article presents the results of experimental research to determine the size of powder graining in building 
materials, specifically, gypsums (Dolina Nidy, Pinczow) and adhesives (Atlas Sp. z o.o., Lodz, and Weber 
Saint-Gobain, Warsaw). A modern laser diffraction method for measuring the distribution of particle sizes 
with respect to their diameters was applied. During the experiment, three series of measurements were 
conducted for each material. Data relating to the graining of building materials is crucial because it is one of 
many aspects that directly affects the binding time and defines its potential applications in the construction 
industry. 
Keywords: laser diffraction, building materials, diameter of dust grains, particle-size distribution, Fraunhofer theory

Streszczenie
W artykule zawarto wyniki badań eksperymentalnych, określających wielkość ziaren w pylistych materiałach 
budowlanych: gipsach (Dolina Nidy, Pinczów) i klejach (Atlas Sp. z o.o., Łódź oraz Weber Saint-Gobain, 
Warszawa). W pomiarach zastosowano nowoczesną metodę dyfrakcji laserowej do pomiaru średnic 
cząstek. Podczas eksperymentu przeprowadzono trzy serie pomiarów dla każdego materiału. Ziarnistość 
materiałów budowlanych stanowi jeden z wielu aspektów, które bezpośrednio wpływają na czas wiązania, 
a zatem określają ich użyteczność w budownictwie. 
Słowa kluczowe: dyfrakcja laserowa, materiały budowlane, średnica ziaren pyłów, rozkład wielkości cząstek, teoria 
Fraunhofera
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1. Introduction

Laser diffraction using laser particle-size meters is a widely adopted methodology in 
research and developmental work regarding the quality control of finely-grained products, 
soil samples and technological processes in different industrial branches such as the 
pharmaceutical, construction, chemical, food, and metallurgical industries.

Particle-size measurements describe a given product and determine its durability and 
firmness, which are very significant during the control of production processes [1, 20, 27].

There is no doubt that the graining of building materials is of considerable importance, 
because it is one of many aspects which directly affects their binding time and thus defines the 
potential applications of a given material in the construction industry, as well as in everyday 
life. The greater the fragmentation of a binding material, the shorter the binding time of 
building gypsum, cement or gypsum adhesives. Furthermore, information regarding particle-
size distribution (PSD) parameters of many materials is essential during engineering practice 
and in experimental research.

Some studies have examined the relationships between particle size distribution in raw 
materials and various physiochemical and mechanical properties of cement-based mortars. 
Thus, the influence of cement PSD on hydration kinetics and hardened paste strength [13, 15, 
24, 29] and its effect in admixtures (slag and fly ash) on their properties [3, 8, 14, 23, 34, 35] 
have been examined. The influence of particle size and shape in specific aggregates on the 
properties of hardened mortar has also been studied [2, 22]. 

Many research projects have developed and evaluated alternative methods of particle 
size measurement for soils with gypsum that includes size distribution of gypsum particles. 
Common laboratory methods for determining the particle size distribution of soils, including 
those containing large amounts of gypsum, involve the complete removal of gypsum and more 
soluble salts since they interfere with sample dispersion and the establishment of a  stable 
clay suspension [5, 16, 26]. In this approach, particle size measurements only reflect the size 
distribution of essentially insoluble, dominantly silicate minerals, and do not reflect the size 
distribution of the whole soil including gypsum [26]. The authors [6, 17, 31] proposed 
a method to determine soil particle size with gypsum intact that involves the suspension of 
the sample in a BaCl2 solution.

The particle-size distribution of selected building materials obtained with the use of the 
laser diffraction method are presented and analysed in this article. For all building materials, 
water was the dispersing phase.

2. Basic theory

The authors [27] presented the basic assumptions of the Fraunhofer theory shown 
below. When a collimated laser beam with wavelength λ is incident on a single 
spherical particle, the light diffracted in the range of a small forward angle can be 
approximated by the Fraunhofer diffraction theory if the particle size parameter x 
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satisfies x ≫ 1 (x = πd/λ, d is the diameter of the particles). According to the Babinet 
principle and the Fraunhofer diffraction theory, the diffracted light is given by the 
Airy function:
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where: 
I0  –  the intensity of the incident light,
θ  –  the diffraction angle,
J1  –  the Bessel function of the first kind of order 1,
λ  –  the wavelength of the incident light,
F  –  the focal length of the Fourier lens.

In practice, sinθ ≈ θ because θ is very small; therefore,
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For a suspension of spherical particles, if the concentration is low enough for the optical 
thickness (τ) of the sample to meet the condition of single scattering, i.e. τ << 1, Equation (2) 
can be integrated over the range of particle sizes to obtain the distribution of the diffraction 
intensity as shown in Equation (3) [28]:
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Here, n(x) is the number of particle distributions and k = 2π/λ is the wave number; 
Equation (3) is a Fredholm integral equation of the first kind [7, 21, 27].

3. Experimental set-up

The diffractometric method is based on the phenomenon of laser diffraction. 
The theoretical basis for the diffractometric method is the description of the phenomenon 
of optic diffraction with the use of Fraunhofer’s transform. The possibility of the practical 
use of this description emerged as a result of building the laser and calculating methods and 
measuring devices for analysing optical images.  

An optical system (Fig. 1) for the analysis of optical images consists of: a monochrome 
light source (laser beam); an optical system forming its beam; an optical image that was 
made of suspended powder grains in liquid which enables the passage of light and causes its 
diffraction on the edge of the grains; an optical system transforming the beam of transmitted 
light; an image detector that was created by the beam of light; a converter; a computer 
recording all data. Diffraction methods are used for the granulometric assessment of grains 
in many branches of industry such as the construction, food and pharmaceutical industries 
[3, 9, 11, 12, 18, 25, 30, 32–34].
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The image transformed in the granulometer and its transformation are placed in focal 
lenses. The diffraction of the light wave takes place at the border of the permeable phase 
(liquid) and the impermeable phase (powder grains) – this generates an image in a form of 
diffraction grating. All diffracted and transmitted light beams are focused by the lens creating 
a diffraction image, the so-called diffractogram in a form of light and dark stripes or spots; 
such an image enables calculation of the distances of the grating stripes. The determination 
of the grain diameter is based on the measurement of the stripe distance from the optical axis 
and its brightness intensity. The obtained image shows that the greater the stripe distance is 
from the optical axis, the smaller the size of the examined grains. Moreover, the higher the 
brightness intensity of the stripe, the more grains of particular dimensions can be found in 
the whole sample.  

In this experimental set up, an innovative method was used during the  inspection of many 
technological processes for determining the usefulness of powdered building materials on 
the basis of their granulation. This method counts all measurements of irregular particles and 
takes them into account in the results  – this demonstrates that this is a highly precise method. 

The innovative method of inverse Fourier system was used in a measuring system. A new 
method may be used in determining equivalent diameters, important in the processes of heat 
exchange. For particle size analysis, the Analysette 22 MicroTec Plus particle size analyser 
produced by FRITSCH GmbH Milling and Sizing was used (Fig. 2) – this applies an inverse 
Fourier system in accordance with ISO 13320 [19]. The device consists of two lasers – one 
green and one infrared. The particle size analyser is of a modular structure which includes 
a measuring unit and corresponding sample preparation units for wet and dry measurements. 
The particle size analyser was applied in this research to study the samples of mixture in 
a suspended liquid in water. The larger unit is a measuring unit and the smaller unit is the 
dispersing one. 

The sample was added to the dispersing unit, which was then  pumped into the measuring 
cell, which consists of two semiconductor lasers of different wavelength ranges. The green laser 
was used to detect smaller particles and the infrared laser was used to detect those of larger 
dimensions. The device was controlled by MaScontrol software, which enables operation 
of the particle size analyser. It contains a list of standard procedures, including instructions 
for filling the measuring cell with water, cleaning and conducting a complete measurement. 
The measurements are conducted automatically and the user is regularly provided with 
information about each step.  

Fig. 1. Laser granulometer [19]: 1 – laser, 2 – optical system forming laser beam, 3 – measuring cell with grain 
material, 4 – lens, 5 – image detector
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Grain diameters within the range of 0.08 μm and 2100 μm can be measured with the 
device shown in Fig. 2. The measurement of particle-size distribution with the use of the 
diffractometric method and the application of a particle size analyser and a computer is very 
precise. The device does not require any calibration based on the basic physical properties. 
When we use Fraunhofer’s theory, there is no need for specific knowledge of physical 
properties of the materials such as density. The measuring time for the sample grains was 
between 2 and 3 minutes [10]. During the measurement, the beam absorption should be 
within the range of 10–15% – this indicates the optimal amount of added sample required for 
proper dispersion. A special photodiode is part of the measuring device and plays a significant 
role in the beam absorption process as it measures the intensity of a non-dispersed laser beam. 
This intensity is 100% when there is no sample in the cell. While adding the sample, some of 
the light is dispersed – this causes a reduction in the intensity that falls onto the photodiode. 

Research on the diameters of grains of the following four building materials is presented: 
building gypsum (Dolina Nidy, Pinczow, Poland); filling gypsum (Dolina Nidy, Pinczow, 
Poland); gypsum adhesives (Atlas Sp. z o.o., Lodz, Poland); gypsum adhesives (Weber Saint-
Gobain, Warsaw, Poland). The basic physical properties of the building materials used in 
the research are presented in Table 1. E. Bock [4], showed gypsum as being slightly soluble 
in water (~2.0 g/dm3 at 25°C) and, unlike most other salts, it exhibits reverse solubility, 
becoming less soluble at higher temperatures. Therefore, in the presented work, gypsum 
solubility was considered to be insignificant.

Table 1. Physical properties applied in the research of building materials

Building material Relative density dR
[kg·m-3]

pH
[–]

Water solubility K
[g·dm–3 H20] Appearance

building gypsum 2300 7–8 8.9 grey-yellow powder

filling gypsum 900 7–8 insoluble white powder

atlas gypsum adhesive 1600 8–11 insoluble grey powder

weber gypsum adhesive 1200 11–12 insoluble grey powder 

Fig. 2. Laser particle-size meter Analysette 22 MicroTec Plus applied in the research
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4. Experimental results

All studied samples of building materials were characterised with having good 
wettability. Standard measurement parameters were applied for each sample: 60% of use 
of pump power and 100% of use of ultrasonic and light power. The time needed to remove 
air bubbles from the liquid was 10 seconds, and the time of adding each sample to the 
dispersing unit did not exceed 30 seconds. There were three measurements conducted for 
each building material (Table 2), making it possible to observe all changes that appeared 
in the size of the diameters of the particles dispersed in water. For all samples, absorption 
in the range of between 10 and 15% was achieved. Therefore, the amount of the analysed 
sample needed for dispersion was optimal.

According to data collected from the graphs and from Table 1, it was found that for 
building gypsum (Fig. 3a) as well as for Weber gypsum adhesive (Fig. 3c), the diameter 
sizes of particles increased in subsequent measurements. This indicates the formation of 
agglomerates and the lumping of particles into larger aggregates, which occurs during the 
mixing process. Such a phenomenon was not observed during the measurements for filling 
gypsum (Fig. 3b) and Atlas gypsum adhesive (Fig. 3d), in which the obtained experimental 
results were almost identical in all three samples.

Fig. 3. Graph of dependency PSD = f(d) for the studied building materials: a) building gypsum, b) filling gypsum, 
c) Weber gypsum adhesive, d) Atlas gypsum adhesive

The studied gypsum adhesives are characterised by greater graining in comparison with 
building gypsums. It was found that the largest particles for the studied gypsum adhesives 
amounted to 500 mm, while those for the building gypsums were ten times smaller. Their 
maximum diameters were just 50 mm (Table 2).

a) b)

c) d)
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Table 2. Results of laser diffraction analyses of building materials 

Studied
building materials

Particle 
diameter  
d [mm]

Average particle 
size distribution 

fave(d) [%]

Particle size 
distribution 

f1(d) [%]

Particle size 
distribution 

f2(d) [%]

Particle size 
distribution 

f3(d) [%]

1 2 3 4 5 6

building gypsum 

0.1 1.8 1.2 1.9 2.2
0.5 5.7 4.8 5.9 6.3
1 11.7 9.9 12.4 12.8
2 29.8 21.2 33.2 35.1
4 50.1 34.8 55.5 59.9
6 62.0 44.2 67.9 73.8
8 67.9 48.1 75.4 80.1

10 72.1 50.1 79.9 86.2
20 90.6 76.3 96.5 98.8
25 94.9 85.9 99.0 99.0
30 98.1 94.3 99.9 100
45 99.8 99.4 100 100
50 100 100 100 100

filling gypsum 

0.1 0.8 0.7 0.8 0.9
0.5 2.9 2.9 2.9 2.9
1 9.5 9.6 9.4 9.5
2 23.5 20.6 20.4 19.9
4 37.9 39.1 38.9 35.7
6 47.8 48.8 48.9 45.8
8 55.8 57.2 57.7 52.6

10 60.9 63.2 61.5 58.1
20 88.6 90.9 88.9 85.9
25 95.5 96.8 95.8 93.8
32 99.2 99.6 99.4 98.7
45 100 100 100 100

Atlas gypsum 
adhesive

1 2.8 2.8 2.8 2.8
5 12.6 12.3 12.5 13.1

10 20.6 22.1 20.2 19.4
20 33.1 34.0 32.5 32.8
25 37.6 37.5 37.0 38.2
32 42.8 41.8 42.4 44.2
45 50.2 48.5 50.3 51.8
63 56.2 54.8 56.5 57.2
90 58.6 58.0 58.9 59.0

125 59.5 58.9 59.6 59.9
180 67.0 66.3 66.9 67.9
250 82.9 82.4 82.5 83.7
355 97.1 97.0 97.0 97.4
500 100 100 100 100
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1 2 3 4 5 6

Weber gypsum 
adhesive

1 8.8 7.1 9.8 9.6
5 25.4 28.4 27.7 20.1

10 37.1 35.9 36.6 38.8
20 48.9 42.3 52.6 51.8
25 53.9 47.2 57.6 56.9
32 58.3 51.6 62.1 61.3
45 63.1 55.9 67.6 65.9
63 67.9 60.0 73.3 70.5
90 72.1 64.6 77.9 73.9

125 73.4 66.6 79.0 74.7
180 74.4 67.9 79.8 75.3
250 80.4 75.5 85.2 80.6
355 92.8 90.5 95.4 92.5
500 100 100 100 100

The results of the statistical parameters of all four building materials are presented in the 
figures (Figs. 4–7): diameters of characteristic grains d10, d50, d90, mode and span, where the 
last parameter is described by equation (4):

  Span �
�d d

d
90 10

50

 (4)

tab. 1 cont.

Fig. 4. Sizes of characteristic particles determined with the use of the laser diffraction method in the samples  
of building gypsum: a) 1st measurement, b) 2nd measurement, c) 3rd measurement

a) b)

c)
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Fig. 5. Sizes of characteristic particles determined with the use of the laser diffraction method in the samples  
of filling gypsum: a) 1st measurement, b) 2nd measurement, c) 3rd measurement

a) b)

c)

Fig. 6. Sizes of characteristic particles determined with the use of the laser diffraction method in the samples  
of Atlas gypsum adhesive: a) 1st measurement, b) 2nd measurement, c) 3rd measurement

a) b)

c)



104

The graphs (Figs. 4–7) show that harmful, highly carcinogenic dust fractions, 2.5  mm 
in diameter can be found in the studied building materials. Harmful particles in building 
gypsums are between 2 and 3% of all grains, and between 0.5 and 1% in gypsum adhesives.

Figures 8a–8d show the results of all studied building materials – these present the average 
particle size distribution as a function of the grain diameter. 

Fig. 7. Sizes of characteristic particles determined with the use of the laser diffraction method  
in the samples of Weber gypsum adhesive: a) 1st measurement, b) 2nd measurement, c) 3rd measurement

a) b)

c)

Fig. 8. Approximation results of average particle size distribution of the studied 
building materials with the use of the laser diffraction method: a) building gypsum,  

b) filling gypsum, c) Atlas gypsum adhesive, d) Weber gypsum adhesive

a) b)

c) d)
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For all powder building materials studied in the experiment, general dependency was 
proposed and is described by equation (5):

  �ave d A d B( ) ln( )� � �  (5)

where:
A, B  –  constant equation values.

High values of the R2 parameter were obtained in all cases (Table 3) – this shows 
a good coherence of experimental results with the proposed mathematical dependency on 
parameters.  Moreover, A and B constants are listed below in Table 3. 

Table 3. Constants A and B of equation (5)

Studied
building materials

Constants
R2

A B

building gypsum 23.30 16.40 0.9799

filling gypsum 26.30 4.74 0.9814

Atlas gypsum adhesive 18.90 –22.90 0.9655

Weber gypsum adhesive 14.80 4.31 0.9748

5. Conclusions

A short measurement time is very characteristic of the laser diffraction method applied 
in the research. Moreover, high reliability and repeatability of this method is an additional 
advantage.

It was confirmed that the innovative method of inverse Fourier system and laser grain size 
analysis provides accurate information about the particle size distribution within the range of 
fine grains (< 500 μm).

It was found that gypsum adhesives have larger grain diameters in comparison with 
building gypsums. The largest particles were found in gypsum adhesives (500 mm), while 
those in building gypsums were ten times smaller. Their maximum diameter was up to 
50 mm. The filling gypsum was the most stable. The experimental values obtained for this 
building material were almost identical in three subsequent research samples. It showed only 
slight changes in the diameters of particles. 

All samples were characterised by good wettability and did not require the application of 
any additional surfactant aimed at reducing surface tension on the edge between the liquid 
and the solid. In this research, water turned out to be an appropriate dispersing liquid. 

It was stated that studied building materials contain powder fractions with grains of 
2.5 mm in diameter – these are easily accumulated in the human body and are harmful to 
human health. Higher amounts of harmful dusts were found in building gypsums, up to 3% 
of all particles. The conducted experiment has shown that the building materials used in 
the research are both of good quality and also have good physical properties. For all studied 
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building materials, approximate results of average particle size distribution with the use of 
laser diffraction method have been shown (Figs. 8) and a general mathematical dependency 
has been proposed (Equation 5).
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A real time control system for balancing a ball on a platform 
with FPGA parallel implementation

System balansowy kulkowy w czasie rzeczywistym 
z równoległymi obliczeniami FPGA

Abstract
In this paper, a new PID-regulator based solution to the scientific and practical problem of increasing the 
accuracy of regulating the position of a ball on a platform in real time is proposed. A transfer function for 
balancing a ball on a platform is developed. A PID-regulator for balancing a ball on a platform is synthesized. 
A PID-regulator implementation on FPGA with parallel calculations is designed. An increased accuracy of 
regulating the position of a ball on a platform is approved by natural simulation.
Keywords: PID controller, FPGA, VHDL, real-time systems

Streszczenie
W artykule uzyskano nowe rozwiązanie rzeczywistego naukowego i praktycznego problemu zwiększania 
dokładności regulacji pozycji kulkowych na platformie w czasie rzeczywistym za pomocą regulatorów PID. 
Przy ich realizacji sprzętowej na FPGA z równoległymi obliczeniami przeprowadzono model matematyczny 
obiektu sterującego oraz opracowano sprzętowy komponent dla FPGA.
Słowa kluczowe: regulator PID, FPGA, VHDL, systemy czasu rzeczywistego
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1. Introduction

In our post-industrial era, the need for automation has not diminished. The use of the 
Internet of things, driverless cars, robots and other complex objects with many parameters 
define the scope of new challenges for control systems in terms of their development and 
efficiency. Therefore, the development, research and design of real-time control systems by 
complex objects with many parameters are an actual task.

It is important to note that studies of follow-up systems are relevant. This is due to the use 
of autopilots and other systems that interact with common objects. An essential characteristic 
of such systems is unpredictability of their critical states. Then this object can’t defined by 
clean mathematical definitions for example by differential equations [1–4].

With the above point in mind, it is important to investigate and search for the most 
effective systems that can be implemented for tasks involving regulation as well as to increase 
the number of parallel-operating regulators. This, in turn, positively affects the speed and the 
power of the system. Such possibilities appear in the hardware realisation of components of 
control systems on Field-Programmable Gate Array (FPGA) [5–8]. FPGA has a few important 
characteristics that distinguish them from ordinary microcontrollers. At first, FPGA have 
higher computing power. At second, FPGA provides the ability to change the configuration 
for control computing tasks. At third, FPGA provides real parallel computing because of the 
programs are implemented on hardware level and do not compete for resources.  At means of 
one FPGA chip the big count of controllers can be implemented to control a many parameters 
at same time at a very height speed.  

2. Formulation of the problem

The purpose of this work is to develop and research the 
approach to effective implementation of FPGA controllers 
for objects and processes control with many parameters. This 
approach will be realised for the task of balancing a ball on 
a platform. An additional goal of the implementation is to 
demonstrate the ability of FPGA controllers to simultaneously 
implement the image recognition system, Proportional Integral 
Derivative (PID) controller in real time. 

To test the developed control systems, a stand was set up 
in the form of a square supplemented by two servo motors in 
the workshop [9–10]. Above the area of the square, a camera 
was installed to fix the parameters relating to placement 
and movement of the object on the field. The purpose of the 
regulation is to bring the object to a state of equilibrium at 
a certain point, working out the movement along a long given 
trajectory. (Fig. 1).

Fig. 1. A general view of the 
motion-control platform
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Based on the symmetry of the platform on which the control object is located, it can be argued 
that the formulas of the regulator along the X axis and along the Y axis will be the same. Therefore, 
it is appropriate to develop a mathematical model for only one axis. A simplified image of physical 
modelling of the ball movement on the platform with the plane and actuators is shown in Fig. 2.

3. The problem solution and experimental results 

To simplify the calculations, let’s suppose that slip and friction when moving the ball are 
absent. Let’s consider the Lagrange equation:
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where: 
R  –  the radius of the ball (0.015 m); 
m  –  the mass of the ball (0.01 kg),
d  –  the extension length of the servomotor (0.05 m); 
g  –  the acceleration of free fall; 
L  –  the distance from the end to the middle of the platform (0.35 m); 
J  –  the moment of inertia of the ball (9.99 ∙ 10–6 kg∙m2); 
r  –  the distance from the centre of the ball to the edge of the platform; 
α  –  the angle of rotation of the plate; 
Θ  – the angle of rotation of the servomotor.

Therefore, it seems appropriate to create an adequate mathematical model for one axis, and 
then implement this model in each of the two controllers, designed to control the movement of 
the ball on its axis. If we use near-zero angles of the platform position, we can assume that, in the 
case of a Tailor series, value of function sin α for angle α will be equal to value of this angle α. 
There is a similar situation for function cos α. For near-zero angle α value of cos α is equal 1. This 
suggests taking into account the near-zero angle α and near-zero speed of the platform. The third 

Fig. 2. Physical modelling of the ball movement on the platform 
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component in left part of equation (1) can be neglected (for example, if the speed is 0.1 radians 
per second, then the square of the speed gives a very small contribution 0.12 = 0.01). Therefore:
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Therefore the equation (1) can be rewritten as:
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Taking into consideration the construction of platform, the angle α of this platform 
rotation can be approximated by means of equation (3):

  � �=
d
L

 (3)

In this equation: d – the length of the servomotor lever; L – the half of platform side 
(platform is a quadrate 40 sm × 40 sm, the side is equal 40 sm).

We substitute equation (3) into equation (2) and obtain equation (4):
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Now we have grounds to proceed to create a transfer function through the Laplace 
transform using equation (4):
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Based on the features of the control object, it is expedient to transfer the transmission 
function through the ratio of the ball position R(s) and servomotor rotation angle θ(s):
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From equation (6), by substituting the corresponding data we obtain a transfer function:

T s
s

( )
.
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0 9482

2

The received transfer function T(s) is simulated in the Matlab Simulink package and the 
dependence of the ball position from the servomotor rotation angle is obtained. The structural 
scheme of control system of the ball on the platform in the Matlab Simulink software package 
is shown in Fig. 3.
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Let us consider the results of simulation. Fig. 4a shows the dependence of the ball position 
from time. Similarly Fig. 4b shows the dependence of the servomotor rotation angle from the 
time. When the servomotor is rotated an angle around 0.17, the ball moves from one side of 
the platform to the other.

Fig. 3. The structural scheme of control system of the ball position on a platform

Fig. 4. The control simulation results of the ball motion on a platform: a) dependence of the ball position from 
time, b) dependence of the servomotor rotation angle from the time

a)                                                                                                                 b)

To calculate the stabilisation of the ball movement in dependence from rotation angle, 
the ball control system on the platform with the PID controller was simulated in the Matlab 
Simulink package. The coefficients of the PID controller (the proportional coefficient Kp, 
the integral coefficient Ki and the derivative coefficient Kd) were calculated with the use of 
the special PID regulator block. Calculated values of these coefficients were Kp = 1.1636, 
Ki = 0.01 and Kd = 1.3626. When modelling the positioning control system with the PID 
controller, expected results were obtained. These results are shown in Fig. 5.

In this work, for the implementation of a closed-loop control system, an algorithm for PID 
for hardware implementation is used. This algorithm belongs to one of the most commonly 
used classes of algorithms in the theory of control. The results obtained in the work prove that 
it can be effectively used to control the servomotor.
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The PID controller is described in differential equations:
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where:
Kp  –  the proportional coefficient, 
Ti  –  the integral time constant, 
Td  –  the derivative time constant.

For a small sampling interval T, this equation can be turned into a differential equation by 
discretisation. A differential equation can be implemented by a digital system, either in hardware 
or software. The derivative term is simply replaced by a first-order differential expression and the 
integral can be calculated through the sum; thus, the differential equation is given as:
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Equation (8) can be rewritten as:
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where:
Ki = KpT/Ti  –  the integral coefficient, 
Kd =KpTd /T  –  the derivative coefficient. 

To compute the sum, all past errors, e(0)...e(n), have to be stored. This algorithm is 
called the ‘position algorithm’ [2]. An alternative recursive algorithm is characterised by the 
calculation of the control output u(n) based on u(n − 1) and the correction term Δu(n). 
To derive the recursive algorithm, at first let’s calculate u(n − 1) taking into consideration 
equation (9):

Fig. 5. The control simulation results of the ball motion on a platform with the PID controller: a) dependence of 
the ball position from time, b) dependence of the servomotor rotation angle from the time

a)                                                                                                                 b)
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Then the correction term can be calculated as:
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Equation (11) is called the ‘incremental algorithm’. The current control output is 
calculated as:
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For the hardware implementation of the PID controller, the incremental algorithm 
(Eq. 13) can avoid the accumulation of all past errors e(n) and can realise smooth switching 
from manual to automatic operation, in contrast to the position algorithm.

In the PID controller increasing the proportional gain Kp  can increase the system response 
speed, and it can decrease the steady state error, but not eliminate it completely. Additionally, 
the performance of the closed-loop system becomes more oscillatory and takes longer to settle 
down after being disturbed as the amplification factor increases. To avoid these difficulties, 
the integral control Ki and the derivative control Kd can eliminate the steady-state error and 
improve the stability of the system.

A one-channel design was constructed based on the PID control algorithm. The PID 
incremental algorithm (Eq. 13) is decomposed into its basic arithmetic operations:
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For a parallel design, each basic operation has its own hardware unit – or adder or 
multipliers, which are the main elements of combinational logic. For serial design, which is 
composed of sequential logic, all operations share only one adder and one multiplier.

The equation (12) was used to calculate the coefficients:
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The computational process implemented by this algorithm and the hardware 
implementation of the PID controller in parallel calculations on a FPGA took 284 look-up 
tables. The speed, as the total delay of the combinational circuit of the block, was 45.1 ns 
– this is 30% faster than consistently calculating all operations. Two parallel PID regulators 
on the same chip, which control the platform by the axes of OX and OY, used 568 look-up 
tables. The synthesis and simulation was executed in Xilinx ISE Design Suite 13.2 and ISE 
Simulator (ISim), using the Spartan 3 chip family. When using chips of other families, the 
rates of occupied resources and performance will be different. The modelling of the ball 
motion control on the platform with the high speed parallel PID controller on a FPGA is 
shown in Fig. 6.

Fig. 6. The modelling of the ball motion control on the platform with the high speed parallel PID controller  
on a FPGA

4. Conclusion

In this paper, a new solution to the scientific and practical task of increasing the efficiency 
of regulating the ball position on a platform in real time has been presented. This solution uses 
PID-regulators with their implementation unit on a FPGA with parallel computations. A two 
parallel PID controller on one FPGA chip has been developed to control of two parameters of 
one object independently of each other. Parallel processing of the contour calculations of the 
PID controller that control the object has been ensured, the output of the regulator has been 
normalised. An increased accuracy of regulating the ball position on a platform is approved by 
natural simulation. The designed controllers can be used for real time controlling high-speed 
objects with many controlled parameters.
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Abstract
The work compares the accuracy of calculations of the reliability parameters of the sewerage network 
using the Decomposition and Equivalent Replacement (MDE) method, proposed by Yu. A. Yermolin 
and M.I. Alekseev [3], definitely simpler and less onerous in relation to the graph method. Comparing the 
results of calculations with both methods, applied to a simple network, one can come to the conclusion that 
the MDE calculations in simple cases give satisfactory accuracy. However, it would be necessary to check 
whether, as the complexity increases, this accuracy is still satisfactory.
Keywords: reliability, sewage network, graph, decomposition, equivalent substitution, failure

Streszczenie
W porównano dokładność obliczeń parametrów niezawodnościowych sieci kanalizacyjnej metodą 
dekompozycji i ekwiwalentnej zamiany (MDE), zaproponowaną przez Ju. A. Jermolina i M.I. Alieksjejewa 
[3], zdecydowanie prostszą i mniej uciążliwą w stosunku do metody grafów. Porównując wyniki obliczeń 
obiema metodami, zastosowane do prostej sieci, można dojść do wniosku, że obliczenia metodą MDE 
w prostych przypadkach dają zadowalającą dokładność. Należałoby jednak sprawdzić, czy w miarę wzrostu 
złożoności, dokładność ta jest nadal zadowalająca.
Słowa kluczowe: niezawodność, sieć kanalizacyjna, graf, dekompozycja, ekwiwalentna zamiana, awaryjność

Evaluation of the practicability of the decomposition 
and equivalent substitution method in the analysis 
of reliability of the sewage system

Ocena praktycznego zastosowania metody dekompozycji 
i ekwiwalentnej zamiany w analizie niezawodności systemu 

kanalizacyjnego
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1. Introduction

In addition to the largest and most common issues relating to the everyday usage of the 
gravitational sewage system – such as clogging of the sewer or its siltation and sedimentation 
– leakages are also a very significant problem. These may occur as a result of breakages, the 
overgrowth of roots, the displacement of pipes at the joints, or corrosion.

Whilst the effects of failures may be visible on the surface of the area where they occurred, 
e.g. collapses of the roadway or flooding of properties, they can also occur without any trace 
on the surface. This second type of failure can lead to technical disasters of the sewage system 
(especially gravitational), which are characterised by an impossibility of distinguish the idle 
time state. Moreover, the state of waiting for repair is usually discrete due to the fact that 
inspections of the system are held with a certain frequency.

One of the important parameters for assessing the reliability of a sewage system is the amount 
of sewage that is not disposed due to a failure. This value can be estimated by using the graph 
method [1, 2, 6, 8] which is basing on Markov’s theory of processes. However, Yu. A. Yermolin 
and M.I.  Alekseev [3] have proposed an alternative method of calculating the sewage system 
parameters which has been called the decomposition and equivalent substitution method (MDE).

The aim of the present research is to compare the two above-mentioned methods by 
calculating the amount of sewage that is not disposed due to a failure of sewage system with 
a simple spatial structure.

2. Graph method

The graph method is based on calculating the probabilities PSi of all Si states of a given 
network (or a branch of the network) and then multiplying them by the sum of effluences QSi 
of those segments from which in a given state the sewage is not disposed. The sum of these 
products gives the desired expected value of unreleased wastewater [1].

In order to calculate the probabilities of particular states, a matrix of the intensity of 
transitions Λ is constructed in which diagonal elements Λij (i = j) represent the probability 
of leaving this state (1 minus the probability of staying in a given state), elements above the 
diagonal Λij (i < j) represent the probability of entering the state Si as a result of repairing the 
state Sj, elements below the diagonal Λij (i > j) represent the probability of entering the state 
Si due to failure of the state Sj.

The matrix is quasi stochastic and its columns satisfy the property:

  �ij
i

=� 0  (1)

The direct result of this property is the fact that diagonal elements satisfy the dependence:

  � �ii ji
i j

=�
�
�  (2)
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In practical usage, one assumes asymptotic (stationary) values of probabilities PSi, 
assuming that the process is ergodic. In this case, they can be calculated as a solution of set of 
equations which can be written as a matrix equation:

  = 0ΠΛ  (3)

where Π represents the vector of limit probabilities.
Such a set is of course indeterminate; therefore, to eliminate uncertainty, one of the 

equations is replaced with the following condition:

  P =Si
i

∑ 1  (4)

which leads to substitution of the appropriate row of matrix Λ by a vector of ones and 
substitution of the appropriate position in vector 0 by the value 1.

Further proceedings are already a simple issue of the matrix account.

3. The decomposition and equivalent substitution method

The decomposition and equivalent substitution method (MDE) [3, 8], which treats the 
sewerage network as a tree-like graph [5], is based on subsequent replacement of Y-shaped 
structures which are composed of two external edges (leaves of the graph) connected in the 
parent node and an edge having end at this node by an equivalent edge. Examples of such 
structures are shown in Fig. 1.

Fig. 1. Sewage network graph with outlined Y-shaped 
structures that are to be substituted by equivalent edges

In the next step, after receiving the new network structure, it is necessary to repeat the 
procedure described above until the whole network (or the branch of interest) is replaced 
with one equivalent channel.
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At the substitution stage, the equivalent effluence qe of the Y-shaped structure is calculated 
being a simple sum of effluences qi of all sewers constructing the substituted structure. 
The expected value Qe of unreleased wastewater is also calculated. As an auxiliary value, 
a  dimensionless γe coefficient is also calculated, which for a single sewer is understood as 
quotient of failure rate λ and renewal μ intensities [8]:

  �
�
�i

i

i

=  (5)

While calculating the parameters of the equivalent sewer, it is assumed that the probability 
of simultaneous failure of two or more sewers is significantly smaller than the probability of 
the failure of a single sewer; thus, in the graph structure of the states of the Y-shaped structure, 
such states are not considered (Fig. 2).

Fig. 2. Scheme of substituting the Y-shaped structure with one equivalent sewer  
(a) and the corresponding graphs of states of these structures (b)

Under these assumptions, the Y-shaped structure can have 4 states: 0 – all three sewers are 
operational; 1 – sewer k1 is inoperable; 2 – sewer k2 is inoperable; 3 – sewer k3 is inoperable. 
Transitions between these states occur with the appropriate failure (λ1, λ2, λ3) or renewal (μ1, 
μ2, μ3) intensities. For such a structure of the graph of states, the probabilities of these states 
are expressed by the formulas [3]:
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By knowing the probabilities of states and effluences of individual sewers, one is able 
to calculate the expected value of unreleased wastewater Qe. The same can be done for 
the equivalent structure which has only two states: 0 – sewer is operational; e1 – sewer is 
inoperable. By determining the streams of failure and renewal intensities for the equivalent 
sewer as λe1 and μe1, respectively, and the corresponding dimensionless parameter as γe1, the 
following probabilities of states are obtained:

a) b)
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The expected value of unreleased wastewater Qe is calculated in the same way as before.
The adoption of the key assumption:

  Q = Q e  (8)

and the comparison of the relevant analytical formulas which facilitate the calculation of 
these quantities as functions γi and qi, enables calculating both γe1, as well as Qe and PSe1. The 
quantity of PSe1 should be understood as the probability of failure of the entire substituted 
structure.

At this point, analytical formulas obtained in this way will be deliberately withheld because 
the authors of the method have applied unnecessarily strong assumptions that reduce the 
usage of the method. These overly strong assumptions are [3]: 1) only those sewers which 
are the leaves in the graph structure of the network have effluence qi greater than 0; 2) the 
network is a binary tree, i.e., apart from the nodes which are the ends of the leaves, each node 
joins only two inflow sewers and one outflow sewer.

As has been demonstrated [5], assumption 1) is not mandatory and disregarding it only 
slightly complicates the formulas used to calculate the values γe1, as well as Qe. One can 
also disregard assumption 2) by introducing dummy complementary sewers to the graph 
structure with effluence and parameter γ with a value of ‘0’. This also enables to analysis of 
those nodes that have more than two inflow sewers as well as those nodes with only one 
inflow sewer.

For such modified assumptions, appropriate analytical formulas to calculate the values γe1, 
and Qe are as follows [5]:

  Q =
+ q + + q + q

+ + +
Te

� � � � �
� � �

2 1 2 3 1 3 1 1

1 2 31
� � � �

 (9)

and

  �
� � � � �
� � � �e =

+ q + + q + q
+ q + + q + + + q1

2 1 2 3 1 3 1 1

2 2 3 2 3 11 1 1
� � � �

� � � � � �3

 (10)

where T is time, for which the expected value of unreleased wastewater is calculated.
Considering that:

  Q = P q +q +q Te Se1 1 2 3� �  (11)

it is also easy to calculate the value of PSe1.
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For the purpose of further analysis, solutions should be introduced for a structure where 
there is only one outflow sewer; therefore, sewer k3 in Fig. 2a and state 3 in Fig. 2b are not 
present. For such a system, value γe1 is a simple consequence of equation (10): 

  �
� � �

�e =
+ q + q

q + + q1
2 1 2 1 1

2 2 11
� �

� �
 (12)

whereas Qe results directly from equation (9):

  Q =
+ q + q

+ +
Te

� � �
� �

2 1 2 1 1

1 21
� �

 (13)

by a simple substitution of q3 and γ3 with ‘0’.
Full procedures for obtaining analytical formulas for appropriate cases, including the 

case with more than two inflow sewers, have already been provided in the mentioned 
research [5].

4. The accuracy of the decomposition and equivalent substitution method

In spite of such relaxed assumptions of the method, it contains simplifications that can 
potentially affect the final result of calculating the expected value of unrecovered sewage. 
Above all, the assumption of negligible low probability of simultaneous damage of two or 
more channels in the wound structure is still valid. Also the very fact of gradual reduction 
through the decomposition of the network structure means that in the next steps we are 
considering, we do not take into account the states of the remaining part.

Despite mitigation the method’s assumptions, it contains simplifications that can 
potentially affect the final result of calculating the expected value of unreleased wastewater. 
Firstly, the assumption that there is a negligibly low probability of simultaneous failure of two 
or more sewers in the reduced structure still remains. Additionally, the fact that there is an 
incremental reduction through decomposition of the network’s structure means that in the 
steps considered next, the state of the remaining parts of the aforementioned structure is not 
taken into account.

In order to validate the accuracy of the method, an analysis was performed of a simple 
sewage system structure of a small town in southern Poland [4] which is reduced to three 
collectors. By keeping the sewage system markings consistently as a rooted tree-like graph (as 
in Fig. 1), the numbering is carried out inversely to the direction of sewage runoff (Fig. 3a). 
Therefore, the node w0 is the ending tank of the network, sewer k1 runs from node w1 to w0, 
sewer k2 runs from node w2 to w1, and sewer k3 runs from node w3 to w2. It can be observed 
that this is a case in which all structures reduced through decomposition contain only one 
inflow sewer – this corresponds to a situation using formulas (12) and (13).
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For such a network structure, the considered states in the graphs method are as follows:
S0 – state where all sewers are operational
S1 – state where sewer k3 I is inoperable
S2 – state where sewer k2 is inoperable
S3 – state where sewer k1 is inoperable
S4 – state where sewers k3 and k2 are inoperable
S5 – state where sewers k3 and k1 are inoperable
S6 – state where sewers k2 and k1 are inoperable
S7 – state where all sewers are inoperable

The matrix of intensity of transits for such a case is 8×8 and appears as follows:
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 (14)

Fig. 3. Diagram of the analysed network and subsequent 
stages of its reduction (a) and the corresponding graph 

of states (b)

a) b)
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Adoption of empirically determined the failure and renewal unit intensities [4]:
λ0 = 0.4 ∙ 10–4km–1h–1 = 0.35 km–1a–1

μ0 = 0.1 h–1

leads to the following sewer parameters (Table 1):

Table 1. Sewer parameters of the analysed sewage system necessary for calculations  
in the two presented methods [4]

Sewer Lenght [km] Effluence [Qn] Intensity of 
failure [h–1]

Intensity of 
renewal [h–1] Parameter γ [–]

k1 1.0 0.16 0.000040 0.1 0.0000040

k2 0.8 0.21 0.000032 0.1 0.0000032

k3 5.5 0.63 0.000220 0.1 0.0000220

For such a set of parameters, the calculated probabilities of appropriate states as well as 
sum of effluences from those sewers from which, in a given state, the wastewater would not be 
released are as follows (Table 2):

Table 2. Values of probabilities of the state of the analysed sewage system, sum of effluences of not disposed 
sewage as well as products of these values

State Probability of state PSi Sum of effluences QSi [Qn] PSi ∙ QSi [Qn]

S0 0.99708679925 0.00 0

S1 0.00219359096 0.63 1.381962·10–3

S2 0.00031906778 0.84 2.680169·10–4

S3 0.00039883472 1.00 3.988347·10–4

Sum S0 to S3 0.001650569

S4 0.00000070195 0.84 5.896372·10–7

S5 0.00000087744 1.00 8.774364·10–7

S6 0.00000012763 1.00 1.276271·10–7

S7 0.00000000028 1.00 2.807796·10–10

Sum S0 to S7 0.002050409

Finally, the value of sewage that is not disposed due to failures calculated by the graph 
method as a sum of values from Column 4 of Table 2 is equal to Q = 0.002050409 Qn.

It is easy to observe that in the analysed example, MDE needs to use reduction only twice. 
If the parameters of the first reduction (sewers k3 and k2 to sewer ke2) are marked as γe2, Qe2 
and qe2 and, simultaneously, the parameters of the second reduction (sewers ke2 and k1 to 
sewer ke1) are marked as γe1, Qe1 and qe1, then the results of these two reductions are as follows 
(Table 3):
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Table 3. Results of calculations of the appropriate parameters of the KDE method in the analysed sewage system

Equivalent sewer γei qei [Qn] Qei [Qn]

e2 0.0019689171 0.84 0.001650640

e1 0.0020532435 1.00 0.002049036

It should be observed that Qe1 corresponds to the sought expected value of unreleased 
wastewater and Qe2 corresponds to the sum of values from Column 4 of Table 2 for states 1, 2, 
and 3 which gives the result of 0.001650569.

It can be observed that in both cases, values Qe1 and Qe2 are almost identical to the values 
calculated when using graph method.

5. Conclusions

By comparing the results obtained by using both methods, one can conclude that MDE 
provides results that are sufficiently satisfactory for calculating the expected value of unreleased 
wastewater. It is obvious that the analysed case is very simple and one can deliberate whether 
possible deviations from the values obtained by more precise methods would become 
greater with increasing amount of elements in the network or with its structural complexity. 
Further analysis is therefore needed with special attention given to the influence of network 
complexity on the precision of calculations.
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Abstract
The results of the numerical simulation of deep excavation supported by a diaphragm walls are presented. 
Mohr-Coulomb and Hardening Soil models were used. The obtained horizontal displacements are 
compared with the results of the inclinometric monitoring and the observed discrepancies are discussed. 
Movement of the bottom of the wall – which is often neglected – is clearly observed both in the numerical 
simulations and in-situ measurements.
Keywords: diaphragm wall, FEM, inclinometric monitoring

Streszczenie
W artykule przedstawiono rezultaty symulacji numerycznych wykonywania wykopu zabezpieczonego 
ścianą szczelinową. Wykorzystano modele konstytutywne Mohra–Coulomba i Hardening Soil. Obliczone 
przemieszczenia poziome porównano z wynikami pomiarów inklinometrycznych. Omówiono zaobserwo-
wane różnice. Zaobserwowano przemieszczenia dolnego punktu ścianki.
Słowa kluczowe: ściana szczelinowa, mur oporowy, MES, monitoring inklinometryczny
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Symbols

f  – angle of internal friction [deg]
γ – soil bulk density [kN/m3]
c – cohesion [kPa]
E – Young‘s modulus [MPa]
Eur – unloading/reloading modulus in standard drained triaxial test [MPa]
E50 – secant modulus corresponding to 50% of the deviatoric stress at failure in standard 

drained triaxial test [MPa]
E0ref – initial stiffness [MPa]
Eoed – oedometer loading modulus [MPa]
k – Darcy`s coefficient [m/d]
DX – total horizontal displacement [cm]
DXr – relative horizontal displacement [cm]

1. Introduction

Diaphragm walls are very often used to provide support during excavation. Due to 
the complex nature of soil-wall interactions (caused by the nonlinear behaviour of the 
soil, changes in the water level and the complicated phasing of the excavation execution) 
numerical simulations are often used in the design process of such structures. During the 
execution of excavations, inclinometric monitoring is used and the measured values of the 
horizontal displacements are compared with the calculated values [9]. Over recent years, the 
Mohr-Coulomb model has commonly been used to model the soil behaviour. Recently, more 
sophisticated constitutive models are often used (e.g. the Hardening Soil model, examples 
are provided in [8, 9] and [10]). According to [8], use of the Hardening Soil model results in 
a much better correlation between measured and calculated deflections of the wall than use 
of the Mohr–Coulomb model. This is due to descriptions of the nonlinear behaviour of soil 
(e.g. soil stiffness in different strain range) being closer to reality in the Hardening Soil model.

In this work, the results of the inclinometric monitoring of diaphragm walls are presented. 
Measured horizontal displacements are compared with results of numerical simulations (performed 
after excavation) – the possible reasons for discrepancies are discussed. Mohr-Coulomb and 
Hardening Soil models are used to model soil and differences in the obtained results are outlined.

2. Description of the analysed object

The analysis concerned the Alma Tower office and retail building located at Rondo 
Młyńskie in Kraków. The building has fourteen storeys plus a three-level underground carpark 
and is located in the immediate vicinity of Pilotów and Meissnera streets. The distance from 
the street is around 30 m. The nearest buildings are within 20 m (Fig. 1).
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Due to high groundwater level and the vicinity of property boundaries, Keller Polska 
proposed that the excavation be protected using the company’s proprietary method. One 
of elements of this method is the construction of 60-cm-thick diaphragm walls. During the 
execution of the project, the walls constituted the retaining structure of the excavation, and 
were used as the foundation walls of the underground levels of the building.

Based on the static calculations performed using the GGU-Retain software during 
the preparation of the design documents, it was assumed that the rotational stability of 
the diaphragm walls at the excavation stage would be ensured by the floor slabs, and at the 
location of the planned ramp to the car park, by temporary steel bracing structures. The floor 
slabs bracing the diaphragm walls would be supported on temporary columns made of HEB 
300 sections anchored in concrete piles (Figs. 2, 3).

Geotechnical investigation shows that in the place of the excavation top layer of the soil 
(about 1 m) consists of made soil. The next layer is organic silt (about 5.1 m, divided into two 
sub-layers (3.3 and 1.8 m thick), with slightly different strength and stiffness parameters), the 
third layer is sandy gravel (about 7.3 m). Clay layers are present under the bottom of the wall. 
The geotechnical conditions are presented in Fig. 3.

The excavations were performed as a staged construction and were started upon 
completion of the diaphragm walls and the reinforced-concrete capping beam. In the first 
stage of construction, the excavations were performed inside the diaphragm walls, which 
were acting as a retaining structure down to the first floor of the carpark. After the completion 
of the floor slab with a technical opening and the erection of the temporary bracing structure, 
the excavations were then performed using the top-down method.

Fig. 1.  Location map of the Alma Tower
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Fig. 2. Diagram of the excavation retaining structure with arrangement  
of inclinometer casings

Fig. 3. Analysed cross section – geotechnical conditions and construction elements

During the excavations, the diaphragm wall was subject to detailed surveys and its 
deformations were monitored through measurements of inclinometer casings installed inside 
the walls. After the works were completed, it was found that the measured displacements 
of the diaphragm wall were lower than estimated at the design stage. This indicates that the 
assumptions adopted for the entire process related to the deep excavation were correct and 
that the planned works were correctly performed.
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As part of that project, Keller Polska Sp. z o.o., based on its own detailed design, 
constructed a diaphragm walls with a thickness of 60 cm and a depth of up to 16 m. In addition, 
temporary bracing structures were also installed and temporary columns were erected for 
deep foundations for the tower crane using CFA piles. The works enabled the construction 
of further parts of the building inside a dry and safe excavation in accordance with the 
established work schedule. The final excavation depth was about 10.5 m, the groundwater 
level was observed at about 3 m below the terrain level.

3. Inclinometric monitoring

The purpose of the inclinometric measurement was to determine the extent of the 
deformation of the diaphragm walls during the construction works involving the excavation 
inside the diaphragm walls for the three underground levels. As the earthworks progress, 
the diaphragm walls gradually take over the load caused by ground pressure, which, in turn, 
results in the displacement and deformation of these walls. These changes are monitored 
through the observation of inclinometer casings installed inside the walls. The measurements 
were made using an inclinometer manufactured by GLÖTZL for two positions of the probe 
in each casing. This enabled calculations of the inclinometer bias and measuring error, which 
did not exceed 0.8 mm. Measuring direction A+ for each casing was the direction towards the 
excavation, and direction B+ was the direction along the monitored wall. The inclinometer 
casings were installed by KELLER inside the diaphragm wall panels at depths of up to 15 m 
below ground level in the locations where the estimated deformation was the greatest. 
The arrangement and numbers of the casings are depicted in Fig. 2.

The inclinometer measurement started on 2012-12-09 with the ‘0’ series, which was 
the recording of the initial geometry for each casing. The observations of that series 
were conducted two days before the commencement of excavation inside the diaphragm 
walls (2012-12-11). Changes to the geometric features of the diaphragm walls could be 
determined through the comparison of subsequent measurement series with the ‘0’series. 
Inclinometric monitoring measurements were scheduled to take place at the end of each 
stage of construction. The first series was made after excavation for the first underground 
level (date of completion of the stage: 2012-12-14), the second series was performed after 
excavation for second level (2013-01-13) and the third, after excavation to the final depth 
(2012-02-13). 

The readings of successive measurement series formed the basis for the determination 
of incremental displacement and cumulative displacements of inclinometer casings in the 
A+ A- and B+ B- planes. The depth of the probe was established using a local reference 
system from the top edge of the diaphragm wall.

The measurement results were processed under the assumption that the lowest point of 
the casing was stable [1] (Fig. 4a). The displacement of this point cannot be ruled out on the 
basis of inclinometer measurements alone. This movement can only be detected through 
independent measurements, e.g. surveys of the control points located on the capping 
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beam near the casing [2–4]. The inclinometer measurements suggest the occurrence of 
a displacement of the lower sections of the diaphragm walls. The measurements indicate 
a large displacement of the upper sections of the wall away from the excavation. Considering 
the distribution of the soil pressure on the wall, this is impossible. Therefore, these are 
only apparent displacements related to the displacement of the reference system of the 
inclinometer.

The stages of construction were accompanied by geodetic monitoring. This also involved 
observations relating to the total displacements of points located on the cap beam of the slurry 
wall. The measurements were conducted with a Topcon GPT-9003M total station using the 
project control network. In the land survey report, the accuracy of the measurements was 
specified as  2–3 mm. The measurement results transformed from the national coordinate 
system (2000’) to A+ and B+ directions of the point installed near inclinometer 3 are given 
in Table 1.

Table 1. Survey observations
Date X [m] Y [m] DX [m] DY [m] DA+ [m] DB+ [m]

2012-11-30 5549926.482 7426454.560 Survey initial measurement
2012-12-11 5549926.489 7426454.562 0.007 0.002 –0.003 0.003
2012-12-14 5549926.480 7426454.566 –0.002 0.006 0.005 0.004
2013-01-13 5549926.477 7426454.569 –0.005 0.009 0.009 0.004
2013-03-03 5549926.474 7426454.568 –0.008 0.008 0.011 0.002

Unfortunately, the surveys were not carried out at the same time as inclinometer 
measurements. Therefore, in order to make use of these measurements, it was assumed that 
the absolute displacements during each period (between successive construction stages) 
changed steadily over time. The authors are aware that this assumption is flawed; however, 
it is considered that the error caused by this assumption does not exceed the surveying error 
(2–3 mm). With this assumption, the total displacement of the top point of inclinometer 
casing on a given day (Dc) can be calculated as:

  D D Dc p� �� �D
D D

l
ln p

p n
p n�

�
�

�
�  (1)

where:
DD  –  displacement correction resulting from the time difference between geodetic 

and inclinometric measurement; 
Dp , Dn  –  absolute displacements in previous and next geodetic measurements, 

respectively;
lp-c , lp-n  –  the time period from the previous and next geodetic measurement with 

regard to a given day, respectively. 
The displacements of the top and bottom point of the inclinometer casing have been 

determined (Table 2, Fig. 4b). The maximum correction DD was 1.5 mm for the second series 
(2012-12-23).
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Table 2. Displacement of inclinometer casing (A+, A- plane)

Date Displacement of 
upper point [mm]

Displacement of 
lower point [mm]

2012-12-09 Inclinometer initial measurement

2012-12-23 8.0 4.5

2013-01-18 11.0 8.7

2013-03-07 13.0 16.8

Fig. 4. Cumulative displacement of diaphragm wall with measurement errors  
(Inclinometer 3 A+A- plane): a) relative – with use of a local inclinometer reference system;  

b) total – based on geodetic observations

4. Numerical simulations

Numerical simulations of the excavation were performed. The following initial assumptions 
were taken:

 ▶ plane strain conditions,
 ▶ Mohr-Coulomb elastic-plastic model for soil, with tensile ‘cut-off ’ condition (no tension) 

or Hardening Soil Small Strain model,

a) b)
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 ▶ elastic model for the wall (beam elements), struts (truss elements) and baseplate 
(beam elements),

 ▶ contact elements between the wall and soil (with Coulomb friction law),
 ▶ stage construction algorithm with partial unloading (alternatively, final displacements 

(steady state of the seepage) or consolidation model),
 ▶ 2-phase model (soil + water).

All numerical simulations were performed with use of FEM system ZSoil v 12 (which is 
described in detail in [5] and [12]). A full description of methodology used can be found 
in [6]. Half of the F-F cross section was analysed; results from inclinometer 3 were compared 
with numerical simulations results.

The following construction stages were modelled:
1) initial state (no excavation),
2) installation of the wall,
3) excavation to a depth of 3.40 m (compared with measurement from 2012.12.23),
4) installation of the first strut at a depth of 2.95 m,
5) excavation to a depth of 6.50 m (compared with measurement from 2013.01.18),
6) installation of the second strut at a depth of 6.10 m,
7) excavation to the final depth of 10.5 m (compared with measurement from 2013.03.07),
8) installation of the bottom slab,
9) turning off of drainage.
In order to reproduce the changes in ground water level which are observed in reality 

during the simulation, the water level on the excavated side of the wall was gradually lowered 
to keep the free surface to around 0.5 m below the bottom of the excavation. On the retained 
side, the water level was constant at around 3 m below the surcharge.

The material parameters used in the simulation were taken from the existing geotechnical 
evidence (for Mohr-Coulomb model). The parameters for the Hardening Soil model were 
calibrated using simplified, empirical correlations, according to [11]:

E E50 =   (2)

 E Eur � �3 50 (for clay and organic silt) (3)

 E Eur � �2 6 50. (for sandy gravel) (4)

 E Eoed .� �1 4 50 (for organic silt)  (5)

E Eoed .� �1 8 50 (for clay) (6)

 E Eoed .� �0 8 50 (for sandy gravel) (7)

The values of E0ref were estimated according to [7] and [11], with the use of the 
approximative relationship between ‘static’ and ‘dynamic’ soil stiffness.
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Table 3. Material parameters used in analysis  
Mohr-Coulomb and elastic model (from existing geotechnical evidence)

Material E [MPa] k [m/d] g [kN/m3] c [kPa] f [°]

uncontrolled embankment  
(made soil) 100 10 20.0 10 20

C1a (organic silt) 7.35 0.0003 18.2 18 9

C1b (organic silt) 5.2 0.0003 16.9 14 6

IIIb (sandy gravel) 250 25 20.5 0 41.5

clay 65 0.0001 20 60 13

concrete 31000 – 24 – –

Hardening Soil model (strength parameters are the same as for the Coulomb-Mohr model)

Soil Eur [MPa] E50 [MPa] E0ref [MPa] Eoed [MPa]

C1a (organic silt) 22 7.35 175 10.5

C1b (organic silt) 15.6 5.2 120 7.4

IIIb (sandy gravel) 645 250 1935 193

clay 66 22 462 40

5. Comparison of measured and calculated displacements

Numerical simulations show that initial assumptions of there being no horizontal 
displacements of the bottom of the wall (typically used in inclinometric monitoring) is 
not correct – the obtained values at the final stage of the excavation are about 2.5 cm for 
the Mohr-Coulomb model and about 0.2 cm for the HS model (Figs. 6, 7). Therefore, in 
the  latter part of this work, the displacement of the bottom of the wall is subtracted from 

Fig. 5. Numerical model of the analysed object, step 8
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the displacement of the every other point and such relative displacement is compared with 
the measured displacement’.

Usage of the Mohr-Coulomb model leads to overestimation of the horizontal displacements 
of the wall. Usage of the HS model allows the obtaining of a strong correlation of calculated and 
measured displacements of the wall, up to the fifth construction step (however, displacements 
of the medium part of the wall are somewhat underestimated). The degree of correlation for 
further construction is worse in upper part of the wall – the numerical model underestimates 
the tendency of this part of the wall to move backwards (Figs. 6, 7). Use of a consolidation model 
(with a real-time schedule of excavation) does not lead to the obtaining of noticeable differences 
in horizontal displacements (vs. final displacements model with a steady seepage state). Both 
models have a tendency to overestimate the horizontal movement of the bottom part of the wall.

The main source of the obtained discrepancies is the quality of the geotechnical 
investigation. It is very common in Polish design practice to find values of the geotechnical 
parameters with use of correlation between the degree of compaction ID or the liquidity index 
IL and other parameters (c, f, E). This method leads to the obtaining of reasonable results 
for shallow layers of soil; thus, it can be used in direct foundation problems. However, for 
deep layers of soil, it results in underestimating the soil stiffness and strength. Therefore, for 
complicated problems (such as deep excavation), such an approach could be used only as 

Fig. 6. Horizontal displacements of the wall – calculated  
(Mohr-Coulomb model) and measured a) total b) relative

a)

b)
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an initial estimation of soil parameters. More sophisticated approaches (for example, triaxial 
tests) are recommended in order to obtain a better estimation of soil parameters and give 
the chance to improve the correlation between the calculated and measured displacements 
of the wall. Thus, usage of the Mohr–Coulomb model for estimation of the displacements of 
the wall is not recommended. Usage of the Hardening Soil model leads to the obtaining of 
results which are much more compatible with monitoring results, even if the quality of the 
geotechnical evidence is not so high.

Fig. 7. Horizontal displacements of the wall – calculated  
(Hardening Soil model) and measured a) total b) relative

a)

b)

6. Final remarks

The obtained results indicate that the correct prediction of the diaphragm wall 
deformation might be a serious problem. Even the use of the sophisticated Hardening 
Soil Small Strain model for the soil does not provide results that are consistent with field 
monitoring deformation results. The uncertainty of soil parameters, the variable nature of 
the groundwater level and the estimation of external loads – which in reality may differ in 
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relation to the assumed in calculations – is the main source of the differences between the 
calculated and the measured displacements at the diaphragm wall. However, it should be 
noted that these differences are limited to a few millimetres, which in engineering practice 
is a good approximation of the actual work of the construction. The use of inclinometers to 
measure the movements of the walls of deep excavations provides the opportunity to review 
their deformation and allows comparison with the design goals at every stage of excavation 
work – this can guarantee the safety of conducting deep excavations. 
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Abstract
The aim of the paper is to prove two theorems on the continuous dependence of mild solutions, on initial 
nonlocal data, of the nonlocal semilinear functional-differential evolution Cauchy problems of the first and 
second orders. The paper is based on publications [1–10] and is a generalization of paper [5].
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Streszczenie
W artykule udowodniono dwa twierdzenia o ciągłej zależności rozwiązań całkowych od nielokalnych wa-
runków początkowych, semiliniowych funkcjonalno-różniczkowych zagadnień ewolucyjnych Cauchy’ego 
pierwszego i drugiego rzędu. Artykuł bazuje na publikacjach [1–10] i jest uogólnieniem publikacji [5].
Słowa kluczowe: ewolucyjne zagadnienia Cauchy’ego, funkcjonalno-różniczkowe zagadnienia, zagadnienia pierwszego 
i drugiego rzędu, ciągła zależność rozwiązań, warunki nielokalne.
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Part I
Continuous dependence of mild solutions, on initial nonlocal data, of the nonlocal 

functional-differential evolution Cauchy problem of the first order

1. Introduction to Part I

In this part of the paper, we assume that E is a Banach space with norm ⋅  and – A is the 
infinitesimal generator of a C0 semigroup T t

t
( )� � �0

 on E.
Throughout this part of the paper, we use the notation:

I = [0, a], where a > 0,

M T t t I� �� �sup ( ) :  
and:

X = C(I, E). 

Let p be a positive integer and t1, …, tp be given real numbers such that 0 < t1 <…< tp ≤ a 
Moreover, let Ci(i = 1, …, p) be given real numbers and:

K Ci
i

p

: .�
�
�

1

Consider the nonlocal functional-differential evolution Cauchy problem of the first order:

  � � � � � � �� � �u t Au t f t u t u b t u b t t Im( ) ( ) , ( ), ( ) , , ( ) , \{ },1 0     (1)

  u C u t xi i
i

p

( ) ( ) ,0
1

0� �
�
�  (2)

where:
f I E E b I I i mm

i: , : ( , , , )� � � ��1 1 2   and x E0 ∈ .
In this part of the paper, we shall study a continuous dependence of the mild solution, on 

initial nonlocal data (2), of the nonlocal semilinear functional-differential evolution Cauchy 
problem (1)–(2).The definition of this solution will be given in the next section.

This part of the paper is based on publications [1, 3–10] and generalizes some results from 
[5] in this sense that, now, we consider functional-differential problems in contrast to [5], 
where differential problems were considered.
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2. Theorem about a mild solution of the nonlocal functional-differential 
evolution Cauchy problem of the first order

A function u belonging to X and satisfying the integral equation: 

u t T t x T t C u t T t s f s u s u b si i
i

p

( ) ( ) ( ) ( ) ( ) , ( ), ( )� �
�

�
��

�

�
��� � �

�
�0

1
1 �� � �� � �� , , ( ) , , u b s ds t Im

t

  
0

 (3)

is said to be a mild solution of the nonlocal Cauchy problem (1)–(2).

Theorem 2.1. Assume that:

(i) f I E Em: � ��1  is continuous with respect to the first variable on I, 
 b C I I i mi� �( , ) ( , , , )1 2   and there exists constant L > 0 such that: 

f s z z f s z z L z zm m i i
i

m

, , , , , ,1 1 1 1
1

1

… � … � �� �
�

�

� �� � � � ��  for s I z z E i mi i� � �, , ( , , , ).  � …1 2  (4)

(ii) M m aL K( ) .� �� ��1 1
(iii) x E0 ∈ .

Then the nonlocal Cauchy problem (1)–(2) has a unique mild solution.
Proof. See [3], Theorem 2 and page 13.

3. Continuous dependence of a mild solution, on initial nonlocal data (2),  
of the nonlocal Cauchy  problem (1)–(2).

In this section, there is the main result of Part I.

Theorem 3.1. Let all the assumptions of Theorem 2.1 be satisfied. Suppose that u is the 
mild solution (satisfying (3)) from Theorem 2.1. Moreover, let v X∈ ,  satisfying the equation:

v t T t y T t C v t T t s f s v s v b si i
i

p

( ) ( ) ( ) ( ) ( ) , ( ), ( )� �
�

�
��

�

�
��� � �

�
�0

1
1 �� � �� � �� , , ( ) , , v b s ds t Im

t

  
0

 (5)

be the mild solution to the nonlocal problem: 

� � � � � � �� � �v t Av t f t v t v b t v b t t Im( ) ( ) , ( ), ( ) , , ( ) , \{ },1 0  

v C v t yi i
i

p

( ) ( ) ,0
1

0� �
�
�

where y I0 ∈ .
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Then for an arbitrary e > 0 there is d > 0 such that if: 

  x y0 0� ��  (6)
then: 
  u v X� ��.  (7)

Proof. Let e be a positive number and let:

  � �:
( )

.�
� � �1 1MK m aML

M
 (8)

Observe that, from (3) and (5),

( )0 0
1

( ) ( ) ( )( ) ( ) ( ) ( )
p

i i i
i

u t v t T t x y T t C u t v t
=

 
− = − − −  

 
∑

� � � � � �� �� � �T t s f s u s u b s u b s f s v s v b s v bm( ) , ( ), ( ) , , ( ) , ( ), ( ) , ,1 1  mm

t

s ds t I( ) , .� �� �� � ��  
0

 (9)

 Consequently, by (9) and (4),

u v M x y MK u v m aML u vX X X� � � � � � � �0 0 1( ) .

From the above inequality:

   1 1 0 0� � �� � � � �MK m aML u v M x yX( ) .  (10)

By (10), (6) and (8),

u v
M

MK m aML
x y

M
MK m aMLX� �

� � �
� �

� � �
�

1 1 1 10 0( ) ( )
.� �

Therefore, (7) holds. It means that the mild solution of the nonlocal Cauchy problem 
(1)–(2) is continuously dependent on the initial nonlocal data (2).

The proof of Theorem 3.1 is complete.

Part II
Continuous dependence of mild solutions, on initial nonlocal data, of the nonlocal 

functional-differential evolution Cauchy problem of the second order 

4. Introduction to Part II

In the second part of the paper, we consider the nonlocal functional-differential evolution 
Cauchy problem of the second order: 

  
�� � � � � � �� � �u t Au t f t u t u b t u b t t Im( ) ( ) , ( ), ( ) , , ( ) , \{ },1 0    

 
(11)
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  u x( ) ,0 0=  (12)

  � � �
�
�u C u t xi i
i

p

( ) ( ) ,0
1

1  (13)

where A is the infinitesimal generator of a strongly continuous cosine family C t t( ): �� �
of bounded linear operators from the Banach space E (with norm ⋅ ) into itself, u I E: ,→  
f I E E b C I I i mm

i: , , ( , , , ),� � � � � ��1 1 2   I a=[ , ],0  a > 0,  x x E0 1, ,∈  Ci ∈  ( ,... , )i p=1  
and t t p1 ,... ,  are as in Part I.

We will use the set:

E x E C t x: : ( )� ��  is of class C1 with respect to t}

and the sine family S t t( ): �� �  defined by the formula:

S t x C s xds x E t
t

( ) : ( ) , , .� � ��      

0

In this part of the paper, we shall study a continuous dependence of a mild solution, on 
initial nonlocal data (12)–(13), of the nonlocal Cauchy problem (11)–(13). The definition 
of this solution will be given in the next section.

The second part of the paper is based on papers [2, 5, 6] and generalizes some results from 
[5] in this sense that, now, we consider functional-differential problems in contrast to [5], 
where differential problems were considered.

5. Theorem about a mild solution of the nonlocal functional-differential 
evolution Cauchy problem of the second order

A function u belonging to C I E1( , )  and satisfying the integral equation:

u t C t x S t x S t C u ti i
i

p

( ) ( ) ( ) ( ) ( )� � �
�

�
��

�

�
���

�
�0 1

1

� � � � � �� � ��S t s f s u s u b s u b s ds t Im

t

( ) , ( ), ( ) , , ( ) , ,1
0

   
(14)

is said to be a mild solution of the nonlocal Cauchy problem (11)–(13).

Theorem 5.1. Assume that:

(i) f I E Em: � ��1  is continuous with respect to the first variable t I∈ ,  b C I Ii� � �,  
( , , , )i m=1 2  and there exists a positive constant L > 0 such that:
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f s z z f s z z L z zm m i i
i

m

( , , , ) ( , , , )1 1 1 1
1

1

… � … � �� �
�

�

� � ��  for s I z z E i mi i� � � �, , ( , , , ),  � …1 2 1 (15)

(ii) C m aL K( ) ,� �� ��1 1  where: 

C C t S t S t t I: sup ( ) ( ) ( ) :� � � � �� �  and K Ci
i

p

: ,�
�
�

1

(iii) x E0 ∈   and x E1 ∈ .
Then, the nonlocal Cauchy problem (11)–(13) has a unique mild solution.
Proof. See [2], Theorem 2.1.

6. Continuous dependence of a mild solution, on initial nonlocal data (12)–(13), 
of the nonlocal Cauchy problem (11)–(13)

In this section, there is the main result of Part II.

Theorem 6.1. Let all the assumptions of Theorem 5.1 be satisfied. Suppose that u is the 
mild solution (satisfying (14)) from Theorem 5.1. Moreover, let v satisfying the equation:

v t C t y S t y S t C v t S t s f s v si i
i

p

( ) ( ) ( ) ( ) ( ) ( ) , ( ),� � �
�

�
��

�

�
��� �

�
�0 1

1

vv b s v b s ds t Im

t

1
0

( ) , , ( ) , ,� � � �� � ��     (16)   

be the mild solution of the nonlocal problem:

�� � � � � � �� � �v t Av t f t v t v b t v b t t Im( ) ( ) , ( ), ( ) , , ( ) , \{ },1 0    

v y( ) ,0 0=

� � �
�
�v C v t yi i
i

p

( ) ( ) ,0
1

1

where y E0 ∈   and y E1 ∈ .
Then, for an arbitrary e > 0 there is d > 0 such that if: 

  x y x y0 0 1 1� � � �� �,    (17)
then:
  u v X� ��,  (18)

where X = C(I, E).
Proof. Let e be a positive number and let:

   � �:
( )

.�
� � �1 1

2
CK aCL m

C
 (19)
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Observe that, from (14) and (16),

u t v t C t x y S t x y S t C u t v ti i
i

p

i( ) ( ) ( )( ) ( )( ) ( ) ( ( ) ( ))� � � � � � �
�
�0 0 1 1

1

��

�
��

�

�
���

� � � � � �� �� � �S t s f s u s u b s u b s f s v s v b s v bm( ) , ( ), ( ) , , ( ) , ( ), ( ) , ,1 1  mm

t

s ds t I( ) , .� �� �� � ��   
0

(20)                 

Consequently, by (20) and (15), 

u v C x y C x y CK u v aCL m u vX X X� � � � � � � � � �0 0 1 1 1( ) .

From the above inequality:

  1 1 0 0 1 1� � �� � � � � � �� �CK aCL m u v C x y x yX( ) .   (21)

By (21), (17) and (19),

u v
C

CK aCL m
x y x y

C
CK aCL mX� �

� � �
� � �� ��

� � �
� �

1 1 1 1
20 0 1 1( ) ( )

.� �

Therefore, (18) holds. This means that the mild solution of the nonlocal Cauchy problem 
(11)–(13) is continuously dependent on the initial nonlocal data (12)–(13).

The proof of Theorem 6.1 is complete.

Remark
The nonlocal problems considered in the paper have a physical interpretation. For this 

purpose, see [4].
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Methods of identifying the optimal positioning of different 
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Metody identyfikacji optymalnego pozycjonowania 
produktów w magazynie pod kątem minimalizacji kosztów 

związanych z kompletacją zamówień

Abstract
The most important factors conditioning the competitiveness of a warehouse are time and money. 
A randomly or improperly chosen storage process influences three types of costs: the movement of goods, 
waiting time, transportation costs. To increase the effectiveness of goods completion, i.e. to decrease 
processing time and cost, appropriately selected methods of product classification are used. In the article, 
the authors have done simulations of product classification for an ABC analysis, an ABC analysis together 
with a COI index, an ABC analysis together with an XYZ analysis, a COI index only, and the method of free 
product storage places. Simulations were made for two variants taking into account the need and there is no 
need to shifting products on the completion trolley during the whole completion process.
Keywords: warehousing, warehouse activities, methods of product classification, simulation, performance analysis 

Streszczenie
Najważniejszymi czynnikami warunkującymi konkurencyjność magazynu są czas i pieniądze. Przypadko-
wo lub źle dobrany proces składowania może powodować 3 rodzaje marnotrawstwa: ruchu, oczekiwania 
i transportu. Aby zwiększyć skuteczność kompletacji produktów, np. w celu zmniejszenia czasu kompletacji 
i kosztów, należy odpowiednio dobrać metodę klasyfikacji produktów. W artykule autorzy wykonali symu-
lacje klasyfikacji produktów dla analizy ABC, ABC wraz z Index COI, ABC wraz z analizą XYZ, Index COI 
oraz metody składowania wolnych miejsc. Symulacje zostały wykonane w dwóch wariantach, biorąc pod 
uwagę konieczność i brak konieczności przemieszczenia produktów na wózku kompletacyjnym podczas 
całego procesu kompletacji produktów.
Słowa kluczowe: magazynowanie, procesy magazynowe, metody klasyfikacji produktów, symulacje, analiza wariantowa
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Nomenclature
cl(x) –  the number of routes running across the warehouse to row x
cw(y) –  the number of route running among the warehouse to the rack y
dcr –  route width
Dlr –  rack length
Dwr –  shelf space width
p –  the number of storage levels, wherein p = 1, …, N
r  –  the coefficient reflecting the rack in the W matrix assumes the value r(x, y) ∈ {0, 1}, 

wherein r(x, y) = 0 for the corridors, for the remaining places r(x, y) = 1
t(p) –  time for lifting and lowering the forks for a given storage level (p)
td –  access time to the rack
tl –  time needed to overcome the arc (change of direction by at least 90°)
tlp –  time needed to move a distance of 1 meter in a straight line
tp(x, y, p) –  time of moving around the warehouse
x –  the number of the row number in the warehouse x = 1, …, N
y –  the number of the rack in a row y = 1,…, N

1. Introduction 

The warehouse as an element of the supply chain is an important part of activity in the 
distribution and production of goods and raw materials. Continuously developing trends and 
the growing pressure resulting from these numerous changes have unavoidably altered the 
structure of the supply chain and the localisation and operation of warehouses. As a result, this 
has forced the introduction of stock optimisation strategies which also incorporates the time 
of order completion, cost minimisation and increases in the level of service delivered to clients.

The global market allows for a competition of local enterprises as well as of those ones 
who have their localizations on other continents. This is the case because more and more 
enterprises are deciding to sell their products through the Internet (e-business, e-commerce). 
This results in smaller and smaller orders and that have irregular frequencies. For this reason, 
the appropriate design of the warehouse layout and product distribution strategies constitutes 
a serious challenge to enterprises [1]. 

The most important factors that influence the competitiveness of warehouses are time 
and money [2–4]. If the storage process is chosen at random or is improper. then it affects 
three types of costs which relate to movement, waiting time and transport. This occurs, for 
example, when high-demand products are stored in the most distant part of the warehouse 
and those rarely in need are at the closest distance to the completion and packing zone [5–7]. 
Thus, the time, distance and internal stock-movement costs become higher. The number of 
employees and stock-movement devices also increases [8].

The performed analyses show that the movement of goods constitutes half of the total 
order completion time [9, 10]. Its final duration depends, among other things, on the level of 
warehouse automation, the applied storage system, and the way of order completion. If a given 
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enterprise wishes to remain competitive, each process which takes place in the warehouse 
should be analysed and, firstly, the time spent on stock movement needs to be decreased [11]. 
The optimisation of transport processes in the warehouse allows to naturally reduce the time 
of completion, and thus the way between the most important products.

Figure 1 shows the percentage share of the individual activities which constitute the 
process of order execution. The time of completion of the order depends primarily on the 
number of products from the list of completion, the distance between them, the warehouse 
and transportation system.

Fig. 1. Percentage share of the individual activities which constitute the process  
of order processing – on the basis of [12, 13]

Nowadays, product classification methods are used to plan the placement of products within 
the warehouse. These methods rely on assigning products to groups of various ranks. The products 
are then located in the warehouse in such a way that the shortest time of access to certain positions 
which are most significant is provided [14, 15]. Classical methods of product classification are the 
following analyses: ABC, XYZ, EIQ and COI index [16].  Despite the prevalence of the use of 
none of the methods does not give the right effect with regard to the requirements of warehouse. 
The most common reason is to optimize for a single criterion, some optimization is repeated with 
a different criterion, then the result is according to the results obtained. For this reason, companies 
are looking for new ways to combine the methods which are currently used.

METHODS OF PRODUCT CLASSIFICATION
The COI index is the easiest method of product classification [17]. This method is based 

on a two-criterion analysis in which the size of the product and the demand for it are the 
criteria. The size of the product is identified in terms of either its volume or its weight and the 
demand refers to the number of product picking (its popularity) or the average requisition. 
Through the application of the COI, it is possible to distribute products in such a way that 
those with the lowest index are closest to the packing zone. Thus, the distance covered by 
the largest/heaviest products is shortened. The dependence of the size of the product on its 
demand allows finding the value in between those two criteria [14, 18].
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The ABC analysis is the most frequently applied analysis that enables product 
classification. The standard ABC analysis allows the division of products into three groups 
with the percentage participation equal to: A – 80%, B – 15%, C – 5%. Some modifications 
of this analysis are also used. These are comprised of more groups with adequately corrected 
percentage participation. The ABC analysis is a one-criterion analysis; therefore, it is 
impossible to take into consideration a few input parameters at the same time. However, it 
is possible to perform the analysis several times – each time with a different characteristic 
considered as a criterion. The synthesis of the results is then conducted with taking proper 
weights for each criterion (the result of the analysis) [19–22].    

The XYZ analysis enables the ABC analysis to be complemented with an additional 
criterion through making classification inside the already isolated groups. The most 
frequently used criterion in the XYZ analysis is the regularity of usage defined on the basis of 
the historical sales data. Unlike the ABC analysis in which the classification is made according 
to the popularity of the products or the amount of items sold, the XYZ analysis enables 
independent evaluation on the basis of the individual index for each product [23, 24].

2. THE BASICS OF A VARIANT ANALYSIS

To evaluate the effectiveness of the product classification methods, computer simulations 
were carried out for the ABC analysis, the ABC analysis together with the COI index, the ABC 
analysis together with the XYZ analysis, the COI index only, and the method of randomly 
allocated storage locations. This has enabled engineers to decide which criterion taken for the 
product classification in warehouses has the greatest influence on the shortening completion 
time. Simulations were conducted for the following variants:

Variant I – assumes that there is no need for shifting products on the completion during 
the process of executing an order.

Variant II – assumes that there is a need for shifting products on the completion trolley 
during the whole completion process. This need is dependent on the weight, product volume 
and the type of packaging (its response to stacking). If there is a risk of damaging the product 
which is on the lower level of the trolley by the product on the top, then it is necessary to 
change the order of the products. 

For the development of the product distribution method, the following assumptions were 
adopted which define the type of storage for which the presented method is appropriate:

 ▶ The warehouse structure can be described in the form of a matrix. This enables calculation 
of the distance between particular picking bays in the warehouse, taking into account the 
parameters of the warehouse such as width and length of the rack, width of the aisles 
between the racks, and the number of transverse and longitudinal aisles.

 ▶ The warehouse does not use ‘goods to human’ picking, i.e. automatic stacker cranes and 
conveyors in the product storage area. All orders are completed by employees using 
forklifts and order pickers that move in the product storage area. The beginning and 
end of the picking process takes place in the packing area.
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 ▶ The picking process can be supported by any WMS system and automatic identification 
tools.

 ▶ Products with significant differences in weight and overall dimensions can be stored in 
the warehouse.

 ▶ It is permissible to have separate zones for the storage of dangerous goods, foodstuffs 
and general stock in the warehouse.

 ▶ The lifting and lowering time of the pallet is 65 seconds.
 ▶ The lifting speed of the forks is 20 m/s.
 ▶ The speed of moving around the warehouse is 12 m/min.

The simulations were conducted on the basis of the 1000 generated lists of the completion 
of products characterized by the following parameters:

 ▶ weight – from 0.1 to 6 kg,
 ▶ volume – from 0.1 to 0.4 m3,
 ▶ the number of product types on the order list – from 3 to 20 items,
 ▶ the number of units of each product – from 1 to 60.

To evaluate the effectiveness of the order fulfilment derived from the applied method 
of product distribution in the warehouse, one should use a model which allows precise 
representation of processes occurring in the real warehouse. Therefore, a special method 
was used – this method shows clients’ orders which undergo the completion process in 
warehouses, i.e. the method uses random lists of product completion On the basis of the 
generated completion lists the route of product completion was determined with the use 
of a method applied by the majority of medium size enterprises which have their own 
warehouses. This method determines the completion routes by relying on the closest point 
with reference to the current location of the warehouseman. The method also concerns the 
need of interference in the arrangement of products on the completion trolley if there is a risk 
of crushing a smaller product with a larger item, i.e. sensitivity to stacking. The optimisation 
target is described by the formula:
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For calculating the time used for movements during the picking process, formula (3) was used.

t x y p t D x c x d c x t D y c y dp lp lr l cr l lp wr w( , , ) ( ( ( )) ( )) ( ( ( ))� � � � � � � � � ccr w lc y t t p� � �( )) ( )  (3)
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Based on the warehouse structure matrix (2) and formula (3), the correction of moving 
time? was performed (4).

  W x y to t t t D dp p lp wr cr( , ) ( )� � � � �1 0  (4)

For simulations, algorithms created by the authors were used. The algorithms constitute 
the basic software written in the PHP language. They use relation mySQL databases [17]. As 
a result of this solution, it is possible to use great data sets in order to present the results in 
a clear way, and to easily modify the input parameters. Moreover, this solution enables the 
integration of the basic software with the Matlab software. The architecture of the developed 
system is presented in Fig. 2.

Fig. 2. Architecture of the developed system
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3. Variant I

Variant I was created for a large warehouse with 200 bays for pallet units in each of 14 product 
storage rows and 8 storage levels. In the simulation, 1,000 different products were used. The 
completion lists for the products were prepared according to the assumptions presented above. 
Figure 2 presents the results of the simulation of the order assembly time in a graphical form. 

Figure 3 allows one to notice that methods the ABC and XYZ analyses, the method of free 
product storage places, the ABC analysis according to the criteria of popularity and number 
of sold items, and the ABC analysis together with the COI index according to the criteria of 
popularity and weight yield the results of the greatest range and standard deviation. This is 
also observable in the descriptive statistics presented in Table 1.

The variance analysis (ANOVA) was conducted in the analyses in order to test the 
significance of differences between the average values. The ANOVA analysis performs the 
distribution of data variances into two components: the component between groups and the 
component within the group. The index of Test F, which equals 148.23 in this case, is the ratio 
of the evaluation between the groups to the evaluation within the group. Since the value of the 
index p for Test F is lower than 0.05 then, it could be state with a 95% level of confidence that 
there is a statistically significant difference between the averages from the conducted analyses.

To state which groups statistically differ one from another, multiple comparisons were 
made using post hoc tests. To carry out multiple comparisons, Scheffe’s test, Tukey’s (HSD) 
test, Fisher’s (LSD) test, Bonferroni’s test, Newman-Keuls test and Duncan’s test were used. 
In the analysed case, Scheffe’s test was carried out – this test is considered to be one of the 
most conservative post hoc tests [25]. The result of the test is shown in Fig. 4.

Fig. 3. Order assembly time depending on the applied method of product classification,  
Variant I
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Table 1. Descriptive statistics of the analyses performed for variant I [s]

  Average Standard 
deviation Median Min Max Range

ABC combined 
with XYZ 1488.30 490.83 1479.60 470.20 2961.80 2491.60

Index COI 1092.06 367.62 1072.20 269.80 2422.80 2153.00

ABC by number 
of units sold 1348.97 432.03 1344.00 491.20 2646.20 2155.00

ABC by number 
of units sold  

and Index COI
1367.12 449.19 1357.40 499.00 3028.60 2529.60

ABC by capacity 1179.28 390.51 1141.60 205.20 2512.00 2306.80

ABC by capacity 
and Index COI 1180.41 412.38 1139.00 268.00 2401.20 2133.20

Method of free 
product storage 1532.15 510.02 1518.20 508.40 3141.80 2633.40

ABC by 
popularity 1387.24 453.13 1392.80 444.20 2610.60 2166.40

ABC by 
popularity  

and Index COI
1509.66 507.12 1508.00 473.40 3042.60 2569.20

ABC by weight 1162.95 367.17 1155.00 262.00 2399.20 2137.20

ABC by weight 
and Index COI 1162.29 394.50 1154.60 275.20 2409.80 2134.60

Total 1310.04 462.70 1271.80 205.20 3141.80 2936.60

Fig. 4. The result of the comparison of averages using Scheffe’s interval  
with a 95% of confidence level
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Comparison of the medians with the use of the Friedman test was the last part of the 
analysis. The null hypothesis assumed that all the attempts came from the population with 
the same median [26, 27]. The result of the test was 3727.91, where the p parameter equalled 
0.0. This enabled the conclusion that the groups significantly differ one from another.

By comparing the average values and medians, it was stated that the best result were 
obtained when the products in the warehouse were distributed on the basis of the COI 
Index (average: 1092.0, median: 1072.2). Other methods yielded the following results: 
the ABC analysis according to the weight criterion produced an average of 1162.9 and 
a median of 1155.0; the ABC analysis according to the weight criterion combined with 
COI produced an average of 1162.3 and a median of 1154.6; the ABC analysis according 
to the volume criterion produced an average of 1179.3 and a median of 1141.6; the ABC 
analysis according to the volume criterion combined with COI produced an average of 
1180.4 and a median of 1139.0. The methods show a statistical similarity and yield slightly 
worse results. 

The ABC analysis combined with XYZ, the ABC analysis combined with the index COI 
according to the popularity criterion and the method of randomly assigned storage locations 
produced the worst results characterised by their high standard deviation and high average 
and median. Thus, for large warehouses, it is important to distribute products on the basis of 
the ABC analysis according to the criteria of weight, volume and the COI index. This method 
enables the obtaining of better results than in the case of randomly assigned storage locations 
by 28.72% on average.

4. Variant II

As in the case of Variant I, simulations were conducted for Variant II. As before, these were 
designed for a large warehouse with 200 spots for pallet units in each of 14 product storage 
rows and 8 storage levels. The assumption was that products had limited sensitivity to stacking; 
thus, during their completion it was necessary to change their order on the completion carrier 
to prevent their damage In this simulation, 1000 various products were used. The order lists 
for the products were prepared according to the established assumptions. Figure 5 presents 
the results of the simulation of the product completion time in a graphical form. 

It is difficult to identify a significant difference between the sets of results of order 
completion time using various methods of product classification in the above figure. 
Descriptive statistics for the conducted analyses is presented in Table 2. The values which 
exceed the average are highlighted yellow.

For the performed analyses, the analysis of variance was performed in order to test the 
significance of differences between average values.  The index of Test F, which equals 8.53 
in this case, is the ratio of the evaluation between groups to the evaluation within the group. 
Since the level of probability for Test F is p < 0.05, we can state with a 95% level of confidence 
that there is a statistically significant difference between the averages from the conducted 
analyses.
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Table 2. Descriptive statistics of the analyses performed for variant II [s] 

  Average Standard 
deviation Median Min Max Range

ABC combined 
with XYZ 2041.17 1031.75 1858.27 517.60 8927.85 8410.25

Index COI word 
order consistency 1872.67 1101.33 1639.72 298.64 8443.14 8144.50

ABC by number of 
units sold 1960.62 1044.38 1804.89 491.20 8801.36 8310.16

ABC by number of 
units sold  

and index COI
2114.52 1181.52 1878.08 499.00 9649.18 9150.18

Method of free 
product storage 

places 
2139.11 1033.57 1973.83 553.40 6698.40 6145.00

ABC by capacity 1872.95 1101.54 1605.07 205.20 9240.38 9035.18

ABC by capacity 
and index COI 1968.20 1180.27 1688.46 274.71 8263.58 7988.87

ABC by popularity 1964.75 1040.72 1759.65 477.80 8447.86 7970.06

ABC by popularity 
and index COI 2187.11 1141.98 1992.80 560.33 9171.19 8610.86

ABC by weight 1981.27 1156.62 1711.05 359.88 8941.33 8581.45

ABC by weight  
and index COI 1982.77 1189.4 1678.64 375.4 8592.83 8217.43

Total 2007.74 1114.84 1780.36 205.2 9649.18 9443.98

Fig. 5. Order completion  time depending on the applied method of product classification,  
Variant II
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Multiple comparisons were made with the use of the Scheffe post hoc test in order to identify 
which groups statistically differ one from another – the results of the test are shown in Fig. 6.

Fig. 6. The results of the comparison of averages using the Scheffe’s interval with a 95%  
of confidence level

On the basis of the conducted Scheffe test, it can be observed that as with Variant I, there 
is a similarity of results for the ABC analysis across all criteria and for the ABC analysis with 
the COI index according to weight and volume.

The last part of the analysis was the comparison of the medians with the use of 
the Friedman test. The null hypothesis assumed that all the attempts came from the 
population of the same median. The result of the test was 1121.65, in which the level of 
probability was p = 0.0. This enabled the conclusion that the groups significantly differ 
one from another. A graphical presentation of results in the form of a box-and-whisker 
plot is shown in Fig. 7.

By comparing the average values and medians, it can be stated that the best results were 
obtained when the products in the warehouse were located on the basis of:

 ▶ the COI index, average: 1872.67, median: 1639.72,
 ▶ the ABC analysis according to the number of items sold, the average: 1960.62, median: 

1804.89.
The worst results were obtained using the ABC analysis combined with the COI index 

according to the popularity of products. The average value of the completion time was 
2187.11 s, the median was 1992.80 s, and the result range was 8610.86. It can therefore be 
stated that for large warehouses and products with minimal suitability for stacking the best 
methods are those in which the volume and the weight of products are the decisive criteria, 
e.g. Index COI. This method allows better results than in the random assignment of locations 
method by 12.45% on average. 
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5. Conclusions

on the basis of the performed simulations, it has been stated that the analyses based 
on product properties such as the weight and volume yield higher effectiveness than the 
methods of random assignment of locations or classical analyses performed on the basis of 
the criteria of the number of items sold or product popularity. It has also been confirmed that 
the localisation of products in the warehouse whilst taking into consideration their volume 
and weight enables the improvement of the execution of numerous orders simultaneously. 

If the suitability of the products for stacking is not a factor in the order execution process, 
then for large warehouses, it is important to distribute products on the basis of the ABC 
analysis according to the criteria of weight, volume and COI index. This method enables 
better results than the random assignment of locations method by 28.72% on average. 
However, for products with minimal stacking suitability, the best methods are those in which 
the decisive criteria are the volume and weight of products, e.g. the COI index. This method 
produces better results than the random assignment of locations method by 12.46% on 
average. The cost of the picking process is about 30–50% of all warehouse costs; therefore, 
decisions relating to the product layout planning each day plays the primary role with regard 
to operational decisions. The presented method can support that decision and decrease the 
risk of bad choices in the context of product location planning. On the basis of the results on 
this research, it can be anticipated that using this software could reduce total warehouse costs 
by around 10-16%. The research results are, therefore, of significant importance for warehouse 
management. At present, implementation works are being carried out within the kinds of 
companies that would benefit from such improvements. The results of the presented research 
may constitute a reliable basis for aiding the selection of product classification methods when 
planning the locations of different products within a warehouse.

Fig. 7. Box-and-whisker plot for Variant II
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