www.czasopisma.pan.pl P@N www.journals.pan.pl

DE GRUYTER DOL: 10.2478/ace-2018-0004 ARCHIVES OF CIVIL ENGINEERING
OPEN Vol. LXIV ISSUE 1 2018

© 2018 by E. Radziszewska-Zielina, E. Kania, G. Sladowski. This is an open access article distributed under
the Creative Commons Attribution-NonCommercial-NoDerivs license (http://creativecommons.org/licenses/by-nc-nd/3.0/)

PROBLEMS OF THE SELECTION OF CONSTRUCTION
TECHNOLOGY FOR STRUCTURES IN THE CENTRES
OF URBAN AGGLOMERATIONS

E. RADZISZEWSKA-ZIELINA!, E. KANIA2, G. SLADOWSKI

The goal of the article is the diagnosis and presentation of the problems of the selection of construction
technologies for buildings being built in the centres of urban agglomerations. The survey and literature studies that
were performed show that the process of selecting these technologies is difficult due to a series of very different
difficulties associated with constructing a structure in a city centre and which are sometimes hard to foresee. At
the same time there is a lack of decision-making support tools dedicated to the selection of construction
technologies that would take into account the problems that occur during the construction of buildings in city
centres. The study shows the need to discuss the subject of developing a mathematical model and a decision-

making support tool based on said model to that end.
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1. INTRODUCTION

Along with the development of civilisation, a development of the technologies of carrying out
construction projects and the capabilities of civil engineering has taken place. The expectations of
decision-makers to build faster, more and construct taller buildings have increased as well. The rising

population numbers and technological progress have led to the emergence of urban agglomerations
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that concentrate a significant and constantly increasing number of construction projects. The carrying
out of a construction project located in an urban agglomeration is currently associated with various

technological and organisational problems that evolve along with it.

A construction project is a development effort undertaken in order to meet the needs of a developer
and of its future users. A construction project includes work meant to prepare, organise and perform
construction work, settle its accounts and hand over a finished product ready for operation [23, 24].
The carrying out of a construction project is a highly complicated process that is dependent on non-
repeatable external factors and its own individual characteristics. The basic characteristics of a
construction project include:

- the individual character of a construction project and the form of use of the structure being

built,

- the natural environment and direct interference within it (the permanent binding of a

structure with the site of its construction, water and soil conditions),

- the space in which construction is being performed, the need to manage it,

- the long duration of carrying out a project,

- a set budget,

- a proper quality of construction work (special technical, functional and economic

requirements),

- local legal regulations,

- the active cooperation of stakeholders: the developer, designer and contractor,

- a large number of contractors performing work on a structure, the cooperation of numerous

specialists and companies (designers, construction engineers and workers, suppliers, material

and machinery manufacturers),

- high costs of machines and manpower,

- the diversity of construction technologies,

- the seasonal nature of the work being performed (the capacity to perform construction work

varies throughout the year: it is higher in summer and lower in winter),

- the development of new technologies and technological progress, enabling the dynamism of

construction services,

- random factors such as: atmospheric conditions, logistics problems, changes in human

resources, equipment failure [2, 3, 13, 15, 18, 22, 34, 36, 65].
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Areas that feature the highest construction project density are urban agglomerations. Urban
agglomerations are defined as areas with very dense built-up areas, a high population density -
composed of people who either temporarily reside within them (e.g. during the day) or who constitute
their permanent residents. Such areas are characterised by rapid spatial development, as they form
tightly integrated groupings of neighbouring cities, towns and villages with a well-developed
infrastructure and broadly understood socio-economic and cultural conditions [11].

The rapid development of urban agglomerations often causes the construction of structures in their
centres to be associated with technical and organisational problems. In our previous article [47] we
had pointed to these problems and developed guidelines regarding the carrying out of construction
projects located in the centres of urban agglomerations on the example of a selection of presented
case studies. Many other authors also pointed to the diverse problems that appear during construction,
especially when it is performed in the centre of an urban agglomeration. Difficulties occurring during
the construction process and the importance of logistics in construction was pointed out by the authors
of [21,27, 32,37, 56, 57,59, 63]. Of substantial significance to the carrying out of construction work
is the problem of dense built-up areas, which was highlighted by the authors of other publications
[17, 55, 64]. This is associated with another problem, which is the need to dig deep excavations and
the difficulties associated with it [1, 4, 10, 40], and at the same time the need to build very tall
buildings [8, 41]. Limited construction site space and the lack of storage yards are a characteristic
element that appears in the carrying out of construction projects in the centres of urban
agglomerations [42, 60, 62]. Due to various factors, mainly the impact of circulation, dynamic loads
are exerted on the structure being constructed, as well as on the surroundings of the project site [6,
16, 28, 33, 61]. At the same time, the residents of the area surrounding the structure being built are
affected by noise, dirt and traffic difficulties [5, 9, 66, 67]. In large urban agglomerations the
administrative factor associated with the carrying out of construction projects tends to be quite robust,
as appropriate procedures regulate projects that are being funded from a municipality's public funds,
while at the same time all manners of approvals and official decisions are required [7, 12, 25, 26].
These are accompanied by the requirements of developers (e.g. a more representative structure, in the
case of a multiple-structure project, has to be built first, from the side of a high traffic street) [14, 20,
35, 68]. The areas of urban agglomerations often feature a large number of historical structures which
are important from a historical point of view. Renovation work performed on such structures is highly
complicated and requires specific solutions, in addition to being characterised by a significant amount

of unplanned additional work that is difficult to foresee [29, 48, 49, 50].



www.czasopisma.pan.pl P@N www.journals.pan.pl

58 E. RADZISZEWSKA-ZIELINA, E. KANIA, G. SLADOWSKI

The appropriate selection of the technology of the construction of a structure is one of the
more important decisions that need to be made. A decision-maker has the option to consider at least
a couple of alternatives in terms of construction technology [19], for instance:

- prefabricated concrete construction technology,

- monolithic concrete construction technology,

- monolithic and prefabricated concrete construction technology,

- metal construction technology,

- timber construction technology,

all of which are possible to use in dense urban built-up areas. The abovementioned selection
problem has a multi-dimensional character due to a large amount of factors that determine the
appropriate selection of construction technology [30, 31, 38, 39, 51, 52, 54].

The goal of the article is to discuss the problems of the carrying out of construction projects
in the centres of urban agglomerations and the manner of the selection of construction technology for

a structure, based on a survey study performed by the authors.

2. RESEARCH METHOD

Survey studies are an appropriate research method, making it possible to obtain useful information
that can be used to confirm the need for wider scientific research of a given topic and to provide tools
to solve existing problems [58]. This study discusses the problem of the selection of a construction
technology in light of the constraints that appear in the centres of urban agglomerations. A survey
study has been performed on a group of experts from the construction sector. The authors of the article
prepared a questionnaire composed of two parts: a filtering questionnaire and the main questions. A

group of experts was interviewed. Information on the subject of three fields of study was gathered:

1. Opinions regarding the problem of the carrying out of construction projects in the centres of
urban agglomerations

2. Methods of the selection of construction technologies, especially for a structure being built in
the centre of an urban agglomeration

3. Opinions about the need to develop a tool (a digital system), which could support decision-
making in terms of selecting a construction technology for a structure that is to be built in the

centre of an urban agglomeration.
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3. RESEARCH SAMPLE SELECTION

The research sample consisted of 11 experts selected on the basis of a filtering questionnaire (Contract
managers, Construction site directors, Construction work directors). Three criteria needed to be met
(fig. 1) by the experts. The first criterion was years of work experience in the construction sector. The
minimum amount of work experience in the construction sector was 10 years, a condition that was
met by nine respondents, while the two remaining respondents had worked in the construction sector
for over 20 years. All of the participants of the study carried out contracts worth over 50 million PLN
and projects that were located in city centres. The construction projects that were carried out by the
experts were located in Poland's largest cities, including Warsaw, Krakow, Poznan, £.6dz, Wroctaw,
Opole, Katowice, Gdynia, Gdansk, as well as abroad - in Berlin, Dusseldorf, Koln, Munich, Stuttgart,
and Frankfurt am Main. The buildings that were built by the experts are the hallmarks of their careers
in the construction sector. Examples of the construction projects that were carried out by the experts
in the capacity of Contract managers, Construction site directors and Construction work directors
include: the Sky Tower complex in Wroctaw, the High5ive office and commercial buildings complex
in Krakow, the Ostrow Tumski Interactive Centre in Poznan, Galeria Mtociny in Warsaw, the Baltic
Arena in Gdansk, the Equator office building in Warsaw, the Port £.6dZ commercial and retail centre
in Lodz, the ATM film studio in WArsaw, the NIMBUS conference centre in Warsaw, the Bonarka
City Centre complex in Krakow, the Pasaz Podgdrski housing development in Krakow, the Bundestag
building in Berlin, the Tunnel beneath the Martwa Wista River in Gdansk, the Heart Surgery Hospital

in Munich, the Mac Nair housing development in Berlin.

EXPERT

HAS BEEN WORKING HAS CARRIED OUT HAS CARRIED OUT

IN THE CONTRACTS WORTH PROJECTS IN THE
CONSTRUCTION OVER 50 MILLION PLN CENTRE OF AN URBAN

SECTOR FOR 10 YEARS AGGLOMERATION

Fig. 1. Requirements for experts according to the filtering questionnaire. Original work
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4. PROBLEMS OF CARRYING OUT CONSTRUCTION
PROJECTS IN THE CENTRE OF AN URBAN
AGGLOMERATION

The carrying out of a construction project in the centre of an urban agglomeration, as can be seen
based on the literature review performed at the start of the article, causes many technological and

organisational problems. This fact was confirmed by 100% of the surveyed practitioners.

Each of the experts mentioned a number of problems and difficulties that appear and that are
associated with the construction of structures in city centres. These problems are sometimes
mentioned numerous times, although it is well known that every development project is unique and

there are no two identical construction projects.

The problem that is highlighted the most often is that of broadly understood logistics, both at the
construction site, as well as regarding the entirety of a city. The large scale of construction projects,
combined with the constraints of construction sites, causes problems in terms of the organisation of
space, and these, in turn, cause more problems in and of themselves. Due to very high land prices of
plots located in the centres of urban agglomerations, the highest possible amount of land gets built-
up as a result of construction. This is the reason why there is a lack of storage yards, which forces
contractors to perform many additional tasks. Work becomes more difficult to a large extent, as there
is no possibility to order materials and supplies in advance. Detailed delivery schedules need to be
prepared and rigorously adhered to, because the elements being delivered are usually assembled

directly off of the lorry, without being stored at the construction site beforehand.

There is also the problem with the deliveries themselves, due to delays caused by traffic jams and
other factors. These difficulties are particularly significant in the case of the delivery of materials
with a strict suitability window, examples of which are concrete mixtures or cements delivered from
concrete plants. This generates additional costs and negatively impacts the environment. A concrete
mixture that can no longer be used is sent back to the concrete plant, where it must be processed,
while a new concrete transportation vehicle is being sent with a new concrete mixture batch. In this
case a double "dose" of vehicle exhaust gets emitted into the atmosphere along the route between the

construction site and the concrete plant.
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Another factor that makes deliveries difficult is the fact that it is not possible to reach every location
with a large delivery vehicle (e.g. deliveries can only be performed using vehicles that are 6 m long

in some cases).

In the case of building structures in large cities, the need to requisition street lanes and pavements for
the purposes of unloading materials and concreting elements is very common. This is associated with
obtaining numerous approvals from municipal offices, introducing temporary traffic organisation and
additional costs (funds need to be allocated in the contract for the repair of any damage to elements

of a street and the hiring of employees to clean the road after construction work has finished).

The work of truck-mounted and tower cranes is often constrained by the height of power lines. The
close proximity of tram and railway lines is very common in large cities. Apart from difficulties
associated with the height of power lines, trams and trains generate high dynamic loads that affect
the structure that is being built. At the same time, the work being performed at the construction site
also causes vibrations, which affect other buildings in the immediate vicinity. It is very important to
constantly monitor the structure being built, along with the neighbouring buildings, in terms of the

influence of dynamic loads.

The height of structures is constrained in urban zones and defined in a local spatial development plan.
This largely results in the necessity to build a number of additional underground levels fulfilling the
role of parking facilities. Due to the close proximity of the surrounding buildings and varied water
and soil conditions, there is no possibility of using traditional excavation technologies. Costly
specialist excavation reinforcement is required, making it possible to perform construction work in

the conditions of the centre of an urban agglomeration.

Cities feature dense residential built-up areas, which make it impossible to perform work during night

time.

In summary of the subject of the problems and constraints of carrying out of construction projects in
the centres of urban agglomerations, the more important factors have been presented on the graph

below (fig. 2).
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Fig. 2. Graph showing examples of constraints and problems that appear during the carrying out of construction

projects in the centres of urban agglomerations. Original work based on interviews with experts.

5. PROBLEM OF THE SELECTION OF CONSTRUCTION
TECHNOLOGY FOR STRUCTURES BEING BUILT IN THE
CENTRES OF URBAN AGGLOMERATIONS

A properly selected construction technology can greatly affect the success of a given project. The

difficulties that appear in large urban agglomerations can impact the selection of technology (fig. 3)
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and, as most experts have stressed, an appropriately selected technology can either completely or, to
a certain degree, alleviate the influence of these difficulties on the carrying out of a construction

project (fig. 4).

Do difficulties occurring in the centres of urban
agglomerations affect the selection of technology

M YES

Fig. 3. Results of the survey study, showing whether experts agreed that the difficulties that occur in the centres
of urban agglomerations can have an effect on the selection of construction technology for a construction

project. Original work

Can an appropriately selected technology help in alleviating
the difficulties that occur in the centres of urban
agglomerations?

M YES
ENO

Fig. 4. Results of the survey study, showing whether experts agreed that an appropriately selected technology
can completely or partially alleviate the difficulties resulting from carrying out a construction project in the

centre of an urban agglomeration. Original work

The experts were then asked whether there is cooperation between the designer and general contractor
over the entire course of the development process. Answers to this questions have been presented on

figure 5.
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Is there cooperation between the Designer and General
Contractor?

M YES

ENO

M YES, but not in every
case

Fig. 5. Results of the survey study showing whether the experts agreed that there is cooperation between the

Designer and General Contractor. Original work

The study that was performed shows what the main element of the cooperation between a Designer
and General Contractor of a project is. There are numerous publications on the subject of good
(partnering) cooperation between the participants of construction projects [43, 44, 45, 46, 53]. The
survey study was also a search for the answer to the question regarding who, in practice, suggests the
appropriate construction technology (the Developer, Designer or the General Contractor) and who

gets to make the final decision on the matter.

In most cases, the surveyed experts answered positively to the question regarding the existence of
cooperation between General Contractors and Designers. A General Contractor can suggest changes
to a design (interference in the design due to technological changes making it possible to perform
construction work quicker and shorten the overall duration of the project). At the same time, both
sides search for the most beneficial solution, analysing the situation based on the difficulties that
occur at the construction site and in its vicinity, as well as mainly analysing the project in terms of its
finances and duration. The technical and detailed design documentation is mutually controlled, in
addition to the detection and solving of any problems regarding any incompatibility between each
document (textual and graphical parts of the design), as well as the solving of any problems that

appear over the course of construction.

According to the opinions of experts, a General Contractor or Developer has the right to suggest
proposals regarding the selection of construction technology, both during the design, as well as the

construction stage of a project. Most of the time, such actions are taken when:
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the clauses of the agreements between the ordering party and the General Contractor or
the ordering party and the Designer allow this,

when it is allowed by environmental conditions or when maintaining the characteristics
of environmentally friendly construction is one of the required standards (LEED or
BREEAM certification),

there are no other restrictions contained in the construction permit or that may result from
a project's location,

standards regarding the protection of National Heritage in the case of historical structures
need to be considered,

standards represented by the General Contractor or Developer need to be considered (e.g.

health and safety standards).

Examples of such suggestions derived from the practical experience of experts include:

a.
b.

changing the technology of soil reinforcement,

changing the technology of constructing the foundations and underground section of a
structure, which is also sometimes associated with changes to its structure (e.g. replacing
foundation pads with a diaphragm slab or a slab with expansion joints),

changing the technology of the structural concrete elements from monolithic ones to
prefabricated ones,

changing the technology of floor layers,

changing the technology of the structure of the floor slabs to include semi-prefabricated
elements, layered walls, prefabricated elements, modular rooms, i.e. toilets - bathrooms,
soil pipes, walls and elements of the stair runs of stairwells, the structural couplings of
concrete elements constructed with a construction or expansion joint, constructing

expansion joints as watertight, etc.

The experts had different experiences regarding the manner of making decisions about technology.

Most of them highlighted the fact that decisions are made after analysing all the factors that either

obstruct or increase construction capacity. Consultations and meetings of all stakeholders are held:

including the Developer, General Contractor and Designer. The influence of the selected construction

technology on the cost duration and quality of construction work is analysed. The final decision

regarding the selection of the construction technology to be used is often an individual, final

assessment of the situation by one of the parties based on analysing all options and constraints (fig.

6).
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Who makes the final decision regarding construction
technology selection

M The Designer
M The Developer

i The General Contractor

Fig. 6. Results of the survey showing who, in practice, makes the final decision regarding technology selection.

Original work

The decision-makers were also asked whether they used any decision-making support computer
programs to make their decisions regarding the selection of construction technology. All of the
experts stated that there is a lack of such programs. None of the decision-makers knew of any program
that was specifically meant to select construction technology. One of the experts pointed to BIM
technology that he had used, also mentioning that it is a tool that makes it possible to create a virtual
model of a building before actual construction takes place, in order to solve problems that can occur
during construction and to simulate and analyse the potential results of actions. 82% of the
respondents see the need for and would be interested in using a new digital decision-making support
tool for the selection of an appropriate construction technology for a structure being built in the centre

of an urban agglomeration.

6. CONCLUSION

Based on the survey study performed by the authors, we can state that the carrying out of a
construction project in an urban agglomeration is not an easy task. In addition, the selection of the
construction technology in which a structure is to be built is a controversial matter. There is a lack of
decision-making support tools for this problem. In most cases the decision is made based on
discussions between the participants of the process and on the basis of individual experience. The
research that has been presented is thus a justification of and an introduction to undertaking the subject

of developing a decision-making support tool (a digital system) that will be useful in making decisions
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regarding the selection of construction technology for structures to be built in the centres of urban

agglomerations.
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PROBLEMY DOBORU TECHNOLOGII REALIZACJI OBIEKTOW BUDOWLANYCH W
CENTRUM AGLOMERCJI MIEJSKICH

Stowa kluczowe: technologia, organizacja, przedsigwzigcia budowlane, aglomeracja miejska

STRESZCZENIE:

Realizacja przedsigwzigcia budowlanego to w znacznym stopniu skomplikowany proces zalezny od niepowtarzalnych
czynnikéw zewngetrznych oraz cech indywidualnych danej inwestycji. Realizacja przedsigwzigcia budowlanego,
zlokalizowana w centrum aglomeracji miejskiej wiaze si¢ z dodatkowymi problemami i utrudnieniami technologiczno-
organizacyjnymi. Wielu autoréw opracowan naukowych wskazuje takze na réznorodne problemy pojawiajace si¢ w

trakcie realizacji obiektu budowlanego w centrum aglomeracji miejskich oraz problemy z doborem technologii.

Przeprowadzono badania sondazowe w grupie ekspertdw z branzy budownictwa (osoby spetniajace kryterium pracy w
budownictwie powyzej 10 lat, realizujace kontrakty o wartosci powyzej 50 mln oraz majace doswiadczenie w realizacji
przedsigwzig¢ w centrum aglomeracji miejskich). Kazdy z ekspertoéw wymienit szereg pojawiajacych si¢ problemow i
utrudnien zwigzanych z realizacjg obiektow budowlanych w centrum miasta. Podkreslanym problemem jest szeroko
pojeta logistyka, zardbwno placu budowy jak i catlego miasta. Duzy zakres inwestycji budowlanych przy jednoczesnych
ograniczeniach placu budowy powoduje problemy organizacji miejsca budowy. Jednoczesnie wystepuje problem z
dostawami, ze wzglgdu na opodznienia spowodowane korkami ulicznymi i innymi czynnikami. Koniecznodcig jest
zaplanowanie i zrealizowanie licznych uzgodnien w urzgdach miejskich ze wzglgdu na potrzebe zajmowania pasow
drogowych oraz wprowadzenie tymczasowej organizacji ruchu. Nalezy bra¢ pod uwage oddziatywania dynamiczne,
wplywajace zaréwno na realizowany obiekt, jak i na otaczajace go srodowisko. Jak podkresla wigkszosé ekspertow,
odpowiednio dobrana technologia realizacji obiektu budowlanego moze w duzym stopniu wplynaé¢ na sukces
realizowanej inwestycji. Utrudnienia pojawiajace w si¢ w duzych aglomeracjach miejskich moga mie¢ wptyw na dobor
technologii, a odpowiednio dobrana technologia moze catkowicie lub w pewnym stopniu zniwelowa¢ wptyw tych
utrudnien na realizacj¢ przedsigwzigcia budowlanego. Przeprowadzone badania pokazuja réwniez, w jaki sposob
podejmowana jest decyzja wyboru technologii realizacji obiektow. Jak wynika z badan, brakuje narzedzi
wspomagajacych podejmowanie decyzji w tej kwestii, a w wigkszosci przypadkow decyzja ta jest podejmowana na
podstawie rozméw pomiedzy uczestnikami przedsigwzigcia oraz na podstawie ich doswiadczenia whasnego. Niniejsze
badania stanowia wigc uzasadnienie i wstgp do podjgcia tematu opracowania narz¢dzia wspomagajacego (systemu
informatycznego), ktére bedzie przydatne przy podjeciu decyzji odnosnie wyboru technologii realizacji obicktu

budowlanego w centrum aglomeracji miejskich.





