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Abstract. Current and intended research on construction management and mechanisation in Poland is the focus of this 
article. The discussion comprises four subject groups: investment process organisation, construction company operation, 
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dustry. Within all subject groups, an overview of the subject and analysis of the research state, as well as priority 
research trends have been presented. 
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1. Introduction 

The issues of organisation and management in con­
struction industry, which take into account the problems 
of economy and technology including mechanisation, 
covers an exceptionally wide spectrum of human activi­
ties. It is well rooted in the economic system. Therefore, 
an evolution of ground rules and conditions, as well as 
changes in research methods is well accentuated. 

From the point of view of academic research, those 
issues have been overseen by the Committee of Civil 
Engineering of the Polish Academy of Sciences which 
celebrates its 50th anniversary in the year 2002. On that 
occasion, various Sections of the Committee have pro­
duced reports on the current status and the future per­
spectives of pertinent areas of research. This article pre­
sents the main ideas of the document [1]. The Section 
report was preceded by the analysis of the academic 
environment [2], and the review of main problems re­
lated to the research [3). 

The report presents the following working theses: 
• The scope of research has increased due to the tech­

nological and technical changes, changes in materi­
als, services and production market structure and 
organisation, and changes in social expectations (po­
litical system shift); the building industry (including 
construction companies) operated in the reality of 
centrally controlled economy for the 40 out of 50 
years covered by the report. 

• Purely technical problems of construction are be­
coming less important: the capability to do construc­
tion work itself is no longer sufficient; what has 
become important is the issues of cost, time, and 
quality (in trying to win the market and the client); 

• What is noticeable is a change in the trends: from 
taking interest in the issues of organisation to the 
issues of a more generally conceived management. 
Organising and organisation are clearly becoming a 
subject of management. 

• Contemporary requirements of the construction in­
dustry market regarding the quality of work, keep­
ing deadlines, and cost awareness, cannot be met if 
the forms of mechanisation and automation of pro­
cesses are not perfected. This, in turn, is related to 
new problems of quality in designing mechanisation, 
considering not only technical, but also economical 
ISSUeS. 

On this background, research problems present m 
the following areas should be very well accentuated: 

• investment process organisation, 
• construction company operation, 
• organisation and management methods, 
• as well as the issues of mechanisation, automation, 

and robotisation in construction processes. 
The areas mentioned above will be discussed in that 

order. 
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2. Organising and managing investment processes 

2.1. Overview of the subject and analysis of the 
research state 

The need to intensify both theoretical and applied 
aspects of the research of organising investment pro­
cesses, and of the efficiency of management over those 
processes, is a result of significant technical and techno­
logical development in construction of buildings, creat­
ing new and modifying traditional materials, and growth 
of international competition. 

The notion of investment processes usually comprises 
activities and efforts directed towards arriving at some 
designed effect, usually material in character (buildings 
and other material assets). An investment process, regard­
less its scientific angle (where the elements of interdisci­
plinary knowledge have a growing tendency to merge) is 
a form of enterprise but, unlike the industrial production, 
represents a non-repetitive form, involving a significant 
share of individual solutions and decisions [ 4, 5]. 

Part of the work done analysed the methodology 
preferred by UNIDO - the discounted cash flow methods 
(DCF). The basic assumptions and, simultaneously, basic 
effects of DCF methods consist in finding the right bal­
ance between investment expenditure (costs) and its ef­
fects, while an important part in this calculation is played 
by the factors of time (of construction, returns, operation 
of the concluded construction investment), and quality. 

The significance of this branch of knowledge for 
the economy - on any scale - cannot be underestimated. 
It is assessed that the economically developed countries 
devote about a quarter of their Gross National Product 
on a wide spectrum of material investments. To rationa­
lise such huge public expenditure is not solely an eco­
nomic, but also a social and political problem. 

In Poland, the issues of time of concluding invest­
ment projects, and of efficient utilisation of space, are 
becoming more and more important. 

A shorter construction cycle than the cycle which is 
optimal for the contractor, does not always find a reflec­
tion in the designed cost calculation. The economics of 
investment is, therefore, more complex than the econom­
ics of construction industry. 

The current research on time and utilisation of space 
in investment decisions is accompanied by the following 
phenomena: 

• A business plan becomes the basic tool in the engi­
neering, architectural and construction design, where 
a designer (a project manager) plays a crucial role 
of an advisor, becoming the investor's consultant. 

• A growing demand for an array of complex invest­
ment services results in the growth of investment 
consultancy business. 

• Traditional building companies more and more of­
ten evolve into real estate development companies. 
Those phenomena result in the development of new 
forms of organisation on the Polish market. 

The investment project business plan, mentioned 
above, covers all significant problems which may occur 
in the process. It is a set of information and analyses 
involving a wider range of issues than the traditional 
feasibility study. 

The spectrum of knowledge and information avail­
able during the phase of development of the business 
plan, as well as the depth of detail of the development 
have a crucial influence on the risk of not arriving at 
the projected effects. 

Among the basic types of risk, the time risk comes 
into the foreground (the risk of delays in concluding the 
construction investment due to various reasons, mostly 
external), and the financial risk (exceeding the costs of 
construction, inability to reach the envisaged returns, 
higher costs). The research on risk in Poland is quite 
well advanced- cf [6]. 

The most difficult problem in the research on pro­
cedures related to organising and managing investment 
projects, including those depicted in business plans, is 
forecasting the economic growth nationally, in the se­
lected segments and individual investors. In the light of 
advancing globalisation and in view of the symptoms of 
crisis in many countries, it is difficult to forecast real 
demand for all kinds of production and services, not 
convergent with social expectations. The difficulties lay, 
therefore, in defining capital return rate and discount rate, 
the rate of return, economic potential of consumers, in­
vestment results, etc. 

Taking the listed Polish limitations into account, one 
may say that the knowledge and familiarity with the re­
search areas pertinent to the discussed issues is not be­
low the global level, nonetheless the way this knowl­
edge is utilised in the national economy presents itself 
in a much worse light. 

2.2. Priority research trends 

Among the priority research trends and forecasts of 
development of control systems in investment processes, 
the following are crucial: 

• The methods of defining capital and discount rates, 
expressed in percentages, used in calculating the 
rates and periods of return of investment processes 
for the purpose of business plans. Divergent views 
on the principles of base rate and correction ratios 
calculation methods result in huge discrepancies in 
the estimated values and, in effect, result in different 
investment decisions based on different assumptions. 
Furthermore, the research should include an influ­
ence of such elements on defining the percent rate 
as: return rate on Treasury bonds, discount rate on 
bills of exchange in the major banks, stock exchange 
indices, deposit rates offered by major banks, shift 
in percent rates abroad, etc. 

• Principles of risk management in investment pro­
jects, especially commercial, for example, the real 
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estate development projects. The efficiency of mar­
keting is crucial in investment project management, 
ie the efficiency of the so-called marketing mix, or 
the "5P" principle, or: product, place, price, pro­
motion, personnel. 

• The ways of defining and assessing credibility and 
competitiveness of businesses operating in the area 
of investment activity. Creating conditions for the 
undisturbed flow of investment process is a basic 
problem here. One of the fonns defining the cred­
ibility of companies involved in real estate develop­
ment with a view to sell the product to a customer 
is the so-called developer certificate, issued by the 
National Construction Industry Chamber, investi­
gated and granted by an independent Chapter. The 
certificate is granted on the basis of a number of 
documents defining the technical and economical 
standing of a company, and the range of guarantees 
offered to investors/customers. 
To sum up: on the one hand, we need research on 

the choice of the method of defining the standing of in­
vestment companies, and the efficiency of the investment 
projects and, on the other hand, assessment of the pos­
sible changes in law, in macroeconomic conditions, na­
tional growth strategy, etc. 

The market oriented character of the majority of 
investment projects exerts influence on the research on 
theoretical principles of rapid processing the external and 
internal data used in organising activities and management. 

3. Construction companies - organisation and 
management 

3.1. Overview of the subject and analysis of the 
research state 

Construction companies (firms) are organisations (in­
stitutional structures) which operate within the framework 
of contemporary economy. The range of subjects pertinent 
to a construction company can be presented as follows: 

• the influence of macroenvironment on the company, 
• relationships between close environment (micro­

environment) and the company, 
• the company potential (interior). 

A characteristic feature of the macroenvironment is 
that it strongly defines the operating conditions and the 
capacity for development in a company. Nevertheless, 
the company is unable to (except for very large and in­
fluential organisations) change those conditions. There­
fore, there are phenomena, trends, fashions, etc, which 
need to be defined and forecast, nonetheless, those phe­
nomena operate regardless of the influences of the com­
pany. They may give a company some new opportuni­
ties, but also pose dangers (hindrances). 

What is characteristic of the close environment - the 
microenvironment - is that certain subjects and phenom­
ena occur there which are directly related to the company. 

What is usuaJiy caJied a potential is general re-

sources and assets of the company, and the capability to 
put them into practice, which enable the company to 
survive and develop. The potential can be put under con­
trol, and the potential and its usage can be researched. 
Partial (confidential) results of the research do not usu­
aJiy enter into the circulation of scientific information; 
nevertheless, such research must be undertaken. The re­
sults of the research may become a foundation for defin­
ing the strengths and weaknesses of a company. In rela­
tion to opportunities and dangers, the research results 
may serve as a basis for the company strategy and de­
velopment. In order to do this, one can use the inte­
grated methods of company appraisal, such as SWOT, 
or SPACE [7]. 

Research done before 1989 was basicaJiy focused 
on the degree of adaptation of different elements in the 
company to the obligatory, unyielding principles of cen­
trally controlled economy. Such research, for instance: 

• there were attempts at defining the "optimal" size 
of a construction company, including its base and 
background, as well as the "optimal" national net­
work of construction companies, 

• measures were defined and degrees of specialisation 
of companies, 

• issues of labour efficiency were discussed, 
• new methods of planning activities were developed, 

which had no relationship with the practice, because 
there was no authentic demand for them, 

• shortage of motivation for innovative thought was 
pointed at, 

• influence of the company size on "production costs" 
was established. 
Since 1990, companies have begun to operate in the 

emerging market economy; its development and, there­
fore, process of change continues until this day. 

There have been major changes in the structure of 
construction companies in Poland. While in 1988, the 
average number of employees in a company was: 38 in 
Austria, 17 in Gennany, 9 in the USA, 4 in France and 
the UK, in Poland the figure was 429. In 1988, this in­
dex for Poland was only 3 employees (3,18 to be pre­
cise). There were only 137 companies in Poland which 
employed 501 and more. The major companies co-exist, 
they need each other in their own weJI conceived inter­
est. The problems of a major company differ from those 
experienced by a medium-size or small company. 

The processes of transformation have been relatively 
well known - restructuring, consolidation, as well as 
problems emerging in transformation. Case studies have 
been published. The indication is that Polish companies 
have been taken over by foreign ones. 

The hindrances and barriers of development of build­
ing companies have been researched. 

Moreover, the following issues are investigated: 
• marketing activities taken up by construction com­

panies (it is suggested to introduce, for example, a 
System of Marketing Infonnation - SIM), 

• conditions and problems of introducing quality 
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assurance systems in construction companies, 
• efficiency-related activities initiated by construction 

companies with relation to market processes, and in 
view of growing competition. 
The following areas have been little investigated: 

• human resources management in a construction com­
pany, directions of training, in-service training, re­
muneration systems, problems of staff ageing, em­
ployment of young people; 

• financial standing of construction companies, issues 
of financial fluency, problems of funding construc­
tion work; 

• formal organisational structures of construction com­
panies and their changes. 

3.2. Priority research trends 

Future research will deal with interdisciplinary prob­
lems, or issues "at the interface" of various disciplines. 
These will be largely decision related problems. 

Following trends can be identified in research on 
the construction company: 

• risk management - identification, analysis (especially 
quantitative) and reaction to risk. It is a very wide 
spectrum of research which integrates the research 
on: the influence of macroenvironment on the com­
pany, on the relationships between the company and 
the microenvironment, and on creating and using a 
company potential. In particular, attention should be 
paid to two situations- namely, taking up construc­
tion projects and entering economic alliances, 

• the issues of company credibility, 
• company market success or failure factors, includ­

ing offering a range of new products (for instance, 
a two-in-one service of designing and construction), 

• marketing activities (including research on setting 
up and operating marketing information systems), 

• cost control, 
• quality assurance systems (including a shift of ap-

proach from structural to process), 
• utilisation of employers' skills (synergy management), 
• logistic systems, 
• making the most of the Internet (for example, a web 

site, e-business, financial transactions). 
ln national research, it is useful to make attempts at 

adapting the achievements of other countries who have 
been operating in the reality of a long-standing, solid 
market economy. 

Apart from the basic research trends mentioned 
above, other current and near future fields of scientific 
interest can be identified: 

• The influence of macroenvironment on the company, 
and the relationships with the close environment 
(opportunities, dangers, prosperity, obstacles). Such 
issues may be researched as, for example: 
• company costs of certifications and approvals, 
• the so-called "social costs" resulting from labour 

laws, 

• financial load of deposits and guarantees, 
• financial loads related to funding construction 

work, 
• availability of the operational capital, required 

collateral, 
• range of central and local government protec­

tionism - what is the situation like in other coun­
tries, 

• preferences for foreign companies - real or ap­
parent?, 

• opinions about lengthy administrative proce­
dures. 

• Methods of acquiring orders, including research on 
bidding decisions. It is a consequence of market de­
velopment, as well as of the fact that construction 
services cannot be provided in advance, such ser­
vices cannot be stored. The problem of bidding strat­
egies is a research problem in itself. 

• Trends in transfonnations and in generally conceived 
own investments in companies, including investments 
in modem technologies, and how to fund them; in­
troducing innovations (diversification versus 
specialisation, competitiveness, consolidation ef­
forts), in the light of Polish accession to the EEC. 
The idea of re-engineering has not been yet used in 
full, thus re-organisation of the company through 
concentrating on processes). 

• Perfecting formal organisational structures, also in 
view of a full utilisation of staff and technical po­
tential of the company in order to meet the expec­
tations of the market and of international competi­
tion, including research on holding structures, as well 
as on flexibility of organisational structures related 
to the number and size of construction projects 
(building sites). 

• Cooperation of management segments of the 
organisation with the teams in charge of the build­
ing sites (engineering and planning support, work 
safety support, etc). 

• Information management with information technol­
ogy support. 

• Methods of analysing and sizing competition. 
Purely technical problems related to questions of 

"how to do it?" recede to the background; the mere 
knowledge of conducting construction work is no longer 
enough; what has become crucial is the problems of costs, 
time, and quality - as well as all possible combinations 
of the three factors - trying to win the customer and the 
biggest share of the market. 

4. Development of organisation and management 
methods in construction industry 

4.1. Overview of the subject and analysis of the state 
of research 

The systematically growing technological complex­
ity of production processes is the reason why their prepa-
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ration and practical implementation require more and 
more efficient and fast planning and decision oriented 
methods. The organisational preparation of those pro­
cesses taking into consideration what resources and fi­
nancial means are at one's disposal is becoming ever 
more difficult, and competition on the construction mar­
ket forces companies to look for the best solutions. It is 
perfecting organisational processes that provides a po­
tential for lowering company's own costs incurred by 
those processes - it is becoming possible to formulate 
economically optimal practical implementations, well 
adjusted to the existing local conditions, thanks to good 
organisation and its influence on the time span of prac­
tical implementation of projects. 

The last decade has clearly seen a development of 
methods based on sophisticated computer applications 
which require not only databases, but also knowledge 
bases. The first research work taking shape of expert 
systems have appeared in Poland, requiring operating 
knowledge bases, too [8]. There is a number of examples 
and proposals for practical implementations, in various 
academic centres, put forward in the fonn of hybrid 
methods. Some interesting results have been arrived at 
thanks to using the so-called heuristic methods which 
replace classical analytical methods. This is due to the 
specific character (structure) of the problem area, largely 
focused on analysing economic phenomena, saturated 
with uncertainty and non-linearity of relationships [9]. 

The growing complexity of processes is related to 
the origins and development of organisational methods, 
a history which can be drafted starting from the fonnu­
lation of the first principles of scientific organisation of 
work, through development and gradual perfection of the 
basic organisational methods (still in use due to natural 
character of their interpretation and feasibility of use), 
to the current advanced scientific theory of organisation 
and management. 

The first - currently regarded as traditional - meth­
ods of designing the organisational aspect of a project, 
and the economic analyses methods, the search for 
organisational solutions, and working out decisions for 
management was becoming less effective when the imple­
mented projects were becoming technologically more and 
more complex. 

The reason of insufficient effectiveness of those 
methods is, first of all, the fast growing information ba­
sis necessary to formulate a satisfactory and precise as­
sessment of the current and forecast state, as well as a 
long time necessary to carry out the appropriate analy­
ses. In order to take decisions fast and effectively, one 
needs a high rate of acquisition and processing of infor­
mation - what is, therefore, necessary, is an available 
information basis, and proper means and methods of data 
process mg. 

The principle of modelling of an organised process 
in the form of a graph noting technological order of 
events which is used to describe different functions be­
ing the subject of research, is a foundation of those 

methods. The development of science of discipline of 
organisation and marketing, and the assisting disciplines, 
such as infonnation technology, economics, applied math­
ematics, decision theory, mathematical statistics, etc, has 
become competitive on the international scale, and the 
emerging new methods of organisation, and other related 
methods - due to their significance, not only economi­
cal - have remained for many years, and perhaps still 
remain unavailable for the general users. 

Transferring advanced theories into algorithms pro­
vided an opportunity to use fairly complex calculation 
methods in practice. The efficiency of those methods 
resulted in a bigger interest of the market in them, and 
noticeably increased funding of pertinent research. 

Currently, the tendencies can be noticed to direct 
the research into five problem areas covering the fol­
lowing issues [I 0]: 

• methodology, 
• decision theory, 
• numerical algorithms, 
• practical implementation, and 
• efficiency of usage of organisation and manage­

ment methods. 
lt is believed that the development of organisation 

methods, in their theoretical aspect, could have been 
explained by means of network modelling. The existing 
generalised network theory allows for analytical or heu­
ristic organisation of any given project both of explicit 
(determinist) structure of internal relationships depicted 
by logical formulas, and of stochastic structure and un­
restricted parameter structure. 

The network theory used mostly in modelling inter­
nal organisation of processes extended by the theory of 
systems, makes it possible to combine any undertaken 
project into the structures of existing environment and, 
therefore, goes towards the search of non-isolated solu­
tions. In the practical use of theoretically complex meth­
ods of solving the issues of organisation, the advanced 
knowledge of the theory is not necessary. 

It is, nonetheless, indispensable to have a proper 
"tool kit" at hand, whose theoretical basis can be a "black 
box" for the user, but the ability to manage it from the 
infonnation technology standpoint at the "input", and full, 
precise interpretation and usage skills which enable to 
handle the infonnation as a solution at the "output" are 
the primordial condition of success. Those issues seem 
to become a centre of interest on the marker of com­
puter applications dealing with the problems of manage­
ment. Such applications have become the main focus for 
many infonnation technology companies geared towards 
the popular "management". 

Another aspect of interpretation of organisation 
should be looked at, namely on the action-result rela­
tionship. 

The traditional approach to the problems of organi­
sation has been concentrated on action. The building 
works (in construction), or - in other words - activities 
(generally) have been main subjects of interest. The 
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effect of an action was an expected, natural consequence 
proving the strength of an organisational solution. 

In the methodological approach to problems of 
organisation, a different attitude has emerged, directed 
largely on the effect. This attitude, in practical terms, 
leads to interpreting the implementation of a process as 
a series of events. Therefore, any event which is signifi­
cant from the standpoint of the problem is logically de­
fined. The implementation continues from the start, 
through a series of events, until the end of the process, 
while all technological and organisational conditions are 
unchanged. 

Thus, a complex problem of organising a process 
of implementation falls into many sub-parts which may 
be pertinent to the implementation of the process be­
tween the subsequent events, or be decisive about the 
further implementation of the process (operational strat­
egy) beginning at the moment when a specific situation 
(a specific event) emerges. In order to be able to solve 
those problems, one needs access to assisting disciplines, 
such as operational research, and other. 

An intensive development of methods for solving 
specific problems by means of the decision theory has 
been noticeable. This theory, in its elementary approach, 
associates the decision which is taken with the result 
(effect), and with an uncertainty of its occurrence. 

The result, as an effect of a decision, being the pri­
mordial element of an organisation model, provides a 
direct basis for describing the function of uncertainty of 
arriving at it, and then a basis for recording the function 
of the related risk [ 11]. 

The problems of decisions which have the charac­
teristics of processes are dealt with nowadays also by 
the so-called Interactive Decision Theory. 

The need to use the currently existing, advanced 
theories in practice has led to constructing logical algo­
rithms, software, and next, to the implementation and 
analysis of the utilisation effects. A certain distance can 
be observed between the advancement of theories and their 
practical usage. The popularity of using theoretical achieve­
ments seems to have at least two requirements to meet: 

• education and training of management staff ( engi­
neers, managers), and 

• a stimulated rate of introduction of the algorithms 
located in the system applications in computers into 
the marker (to the user). 
The level of education of elitist groups of theoreti­

cians of organisation in Poland is sufficient to imple­
ment work which will develop this discipline. The prior­
ity in utilising it is continuous education of engineering 
and managerial staff. The need for adjustment to Euro­
pean standards (also in usage of the principles of 
organisation and control over the implementation pro­
cesses) also is of crucial importance. 

There is a noticeable change of trends in the inter­
est in the issues of organisation, going much more to­
wards a generally conceived management. Organisation 

and organising are clearly becoming a subject of man­
agement. Management is looked upon as a dynamic de­
cision-related process comprising all planning, organisa­
tional, implementation, and control elements pertinent to 
the subject of management. Organisation, from this stand­
point, is regarded as a specific state of ordering (exist­
ing or intended) which changes structurally (or in its 
parameters) within the process of management. Thanks 
to this example, it is possible to notice the emerging 
modifications of definitions of notions, also basic no­
tions, leading to a state of a certain chaos in the disci­
pline. Nonetheless, introducing order in this respect is 
being done systematically. 

The development of research and perfecting meth­
ods is inspired by activity and business needs. Those are 
the reasons responsible for special interest in, and devel­
opment of this discipline. For many years to come, it is 
going to be the cheapest source of gaining economic 
effects. 

4.2. Priority research trends 

Methodological problems related to the organisation 
of practical implementation of construction projects cur­
rently focus on decisions regarding the choice of a tradi­
tional or network version of analyses, presentation, con­
trol, monitoring, and interference in the process of prac­
tical implementation. 

As to the repeatable processes, characteristic of the 
construction industry and small construction companies 
(with little variety of construction work), the concepts of 
proposals of models to follow are discussed. In this re­
spect, between 1994-1998 research was carried out in 
the EEC, within the framework of CORE (COnstruction 
companies process REengineering) research project. 

The foremost problem focusing a special interest is 
the coherence of forecasting a future course implemen­
tation of a project with its real course of development. 

There are many factors influencing the forecast pre­
cision - mainly the adequacy of description parameters 
depicting the characteristics of particular elements which 
constitute an organised structure of the process. 

An essential role in assessing the values of param­
eters is played by the methods of estimation based on 
the results of real process observations. The research done 
independently by many authors, for instance American 
and Polish, has confirmed a strong influence of estima­
tion methods on the precision of results (and indirectly 
on the forms of distribution curves). 

Another basic problem in analysing the organisation 
of construction projects is the question of assessment of 
probability of arriving at a set target. A demand of par­
ticularly high level of precision of this estimate is posed 
while taking decisions burdened (endangered) by high 
level of risk. Problems of responsibility for safety in 
management emerge there. The issues of management do 
not exist without risk. 
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A special group of problems and their solutions is 
related to controlling the processes of implementation of 
the project which had been technically, organisationally, 
and economically set up before. The systematic process 
of monitoring implementation, the assessment of its sta­
tus, and a decision regarding a possible interference in 
order to introduce corrective changes to the process of 
implementation at any given time, require advanced meth­
odological, procedural, and technical disposition. 

Strengthening this disposition through developing 
analytical methods and specialist software fosters a clear 
cut progress in this respect. 

An example illustrating the essence, as well as the 
wide range, of the issues of control of work progress 
throughout the whole project, and the level of costs in­
curred (Barraz model) is illustrated in [12], where a sto­
chastic image of monitoring the state of integrated time 
and costs is presented Polish approach is found in [13). 

In this context, the management concept is based 
on forecasting, on controlling the coherence between the 
current status and the forecast, and on interference. The 
most popular method of forecasting is computer simula­
tion (for example, Monte Carlo (MCS) and @RISK for 
Project methods), which enables the stochastic descrip­
tion of integrated time of implementation and costs. 
Monitoring the (time-cost) status during implementation 
facilitates a comparative assessment of the status against 
the forecast, and allows to prepare an updated forecast 
which accounts for the current status, and aids the deci­
sion regarding further implementation. What it means is 
that the majority of organisation and management meth­
ods are now assisted by accessory software comprising 
means of production management and financing. 

Such an approach facilitates not only the risk analy­
sis, but also the cash flow analysis or, generally, control 
over constmction companies taking the financial crite­
rion into account. In Poland, research in this area should 
develop more dynamically. 

The sphere of solving repeatable issues (systematic 
in the operation of small and medium-size constmction 
companies) has focused some interest over the last few 
years. The search has been to find the ways to reduce 
the work load on selection as much as possible, and to 
prepare numerical information required for the problem 
analysis. 

We have seen proposals being put forward of using 
properly modelled and specialised network structures 
which would solve the problems using analogue meth­
ods - the so-called artificial neurone networks. Their 
capability for "learning" allows to use the "knowledge" 
at hand to acquire information about the problem solu­
tion with exceptionally few items of current information 
needed. The artificial neurone networks (ANN) are be­
ing initially checked in their applications to the typical 
network analysis, regarding the implementation time of 
construction projects as well as, apparently with better 
prospects, in practical usage - to analyse the means of 
production, including finding optimum solutions [14). 

This research trend should be continued, and further 
widened to cover management issues: real estate man­
agement, including housing potential control, repair works 
planning and real estate estimation. 

5. Mechanisation, automation, and robotisation in 
construction and engineering works 

5.1. Overview of the subject and analysis of the 
research state 

Generally perceived construction industry in a mean­
ingful participant of our everyday life - present in creat­
ing, implementing, and maintaining the infrastructure of 
human existence. Continuously growing costs and little 
growth of productivity of this "industry" compared to 
the expectations and swelling global population cause 
social frustration. One of the ways leading to alleviation 
of those problems seems to be to strive towards 
mechanisation and robotisation of the growing range of 
work (activities) in construction. 

What is understood by mechanisation here, is using 
machinery and equipment alleviating and facilitating hu­
man labour, simplifying and prompting assembly work, 
and overseeing the transportation and completion and 
dosage of equipment and materials. Such machinery is 
controlled by an operator supervising their work. 

In case of automation and robotisation of construc­
tion processes, on the other hand, the control system 
directly uses the information about the development of 
the processes in order to both formulate the procedures, 
and control the signals sent to control devices, while the 
human role is limited only to reacting to emergencies 
and failures resulting either from breakdowns of work­
ing elements, or the occurrence of events that the con­
trol system had been unable to predict, or to external 
risks [ 15]. 

Multitude of tasks and technologies used in con­
struction, and using a variety of machines and equip­
ment of different types, destination, size, and power, 
points at the need of multidirectional approach to the 
issues of mechanisation and automation of working pro­
cesses carried out in the course of erecting a variety of 
structures and buildings. A number of structural-task 
systems can be indicated here [16-18): 

1. Re-shaping the ground surface; 
2. Erecting constructions and buildings; 

(Within this task/function group, automation and 
robotisation is justified not only by the reasons of 
work safety, but also by the necessity of reducing 
the duration of transport and assembly activities). 

3. Spatial division of individual floors, fitting and as­
sembly of elements of permanent equipment; 

4. Fitting the interior with utility installations, decora­
tion and finishing work; 
(These two groups of tasks are difficult to automate 
and robotise, and the whole adaptation process must 
be preceded by changes in organisation and tech-
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nology related to the tasks, and design changes per­
tinent to the built-in elements and equipment). 

5. Maintenance during the construction usage (includ­
ing control work and cleaning, repair work and reno­
vation). 
(Multielement manipulators are envisaged here, as 
well as climbing and walking robots, equipped with 
vision systems and sets of tools for cleaning outside 
surfaces of buildings, windows, filling-in cracks, and 
spraying-on protective surfaces and painting facades). 

6. Building (especially in urban areas) and fitting small 
dimension tunnels and culverts for utility installa­
tions (power network, computer and telephone lines). 
(What is particularly important here is a problem of 
location of the working tool, identification and lo­
cation of obstacles, bypassing obstacles, and often 
also internal equipment of the built tunnels). 
Each structural-task system presented above is, to a 

differing degree, both in need of and open to automa­
tion. The degrees can be increased through unification 
of elements of the construction which is erected, standar­
disation and simplification of technological operations, 
putting them into groups and automating the process of 
design of the building structure and the construction tech­
nology itself, as well as coupling the design with the 
construction process within a shared information tech­
nology system which may allow to use design data to 
generate algorithms for mechanised and automated ma­
chinery and equipment and their systems on the building 
site. 

Work on mechanisation and automation of engineer­
ing and construction work has been initiated indepen­
dently in a number of countries in the seventies as a 
reaction to success of industrial robotics, which raised 
high hopes for substantial growth of efficiency in the 
construction industry, for reduction in the number of 
accidents, and improvement of working conditions, and 
making the work itself more attractive. Initially, those 
activities concentrated principally on developing auto­
matic control systems in various groups of machines and 
equipment, and on adaptation of industrial robots to se­
lected types of construction work. Those activities have 
been presented in [18, 19]. 

Basing on the initiative taken in the 70s and 80s, it 
is difficult to talk about essential change in the construc­
tion work quality due to introducing automation and 
mechanisation. It must be stated, though, that a research 
and science potential has been built, and experience has 
been gained, which provided a good foundation to a 
multidimensional approach to the issues of automation 
and robotisation in construction processes. 

At the tum of the 80s and the 90s, the results which 
had been arrived at were estimated, research problems 
were indicated, and the necessity of introducing design 
processes was pointed at, as well as developing construc­
tion technologies functionally coherent with the idea of 
automation and robotisation of construction processes was 
suggested, basing principally on an ability to perform 

certain operations many times, repetitively and fast, con­
sisting of simple manipulation activities (for instance, 
assembly) and transport work, done in the environment 
of well-known (or well identified) elements of simple 
spatial characteristics and shape. It was also concluded 
that the anthropomorphic approach - replacing human 
activities by activities performed often very similarly by 
multielement manipulators - did not, in most cases, bring 
satisfactory effects. 

It was proved that, in case of erecting structures in 
a classical way, certain separate activities could be iden­
tified, which could be carried out by individual machines 
(or manipulators) automatically or remotely controlled. 
It was started that, also in those cases, one could count 
on a significant increase in work efficiency, improve­
ment in working conditions and safety of the builders, 
and on improvement in quality of the work done. An­
other thing that could be taken into account is reduction 
of costs, mostly due to the decrease in work load per 
task, and eliminating or cutting down the need to use 
scaffolding, security systems, and additional transport 
equipment. 

The development of computer-aided design (CAD) 
of constructions, and of the methodology of decompos­
ing their structure gave way to new technologies of erect­
ing buildings allowing, on the one hand, to perform cer­
tain types of work simultaneously and, on the other, to 
unify the structure of composition elements and assem­
bly processes using those elements. The traditional ap­
proach - beginning with digging trenches, laying foun­
dations, and gradually erecting the carrying elements of 
the floors (walls, or perhaps pillars and ceilings), sup­
plied by a roof, and then continuing with interior fin­
ish - proved to be a serious obstacle to automation of 
work processes implemented in such a way, which would 
be efficient and significantly advantageous. 

At the tum of the 80s and the 90s it was concluded 
that erecting constructions must be tied with simultaneous 
implementation of the basic tasks, with eliminating or 
serious reducing the influence of weather conditions on 
the operation efficiency and quality, essential improve­
ment in the working conditions of the builders, full 
mechanisation of transport and assembly, and automa­
tion of much simpler, but time consuming activities (such 
as painting, floor floating, etc), as well as those which 
require precision (for instance, checking the carrying el­
ements, distributing and depositing concrete mix, etc). 

Three basic concepts of carrying on construction 
work based on the roof raised gradually in the course of 
erecting subsequent floors [ 19]: 

Method 1. "External" - the raised roof is a real 
crowning of the structure, but inside the roof there is a 
platform with derricks, manipulators and loading units 
installed on guides and rails, thanks to which concrete 
casting work can be done "from above" (floors between 
levels, carrying pillars), as well as other works, like po­
sitioning and assembling walls and partitions, welding 
structural elements - usually done at the vertical and 
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horizontal levels. The whole structure is cyclically raised 
by means of a system of synchronised hydraulic hoists -
controlled by a microprocessor system - at the rate of a 
few to over ten mm/min. 

Method 2. A special roofed, raised platform - a 
"temporary roof', equipped with transportation devices, 
loading units and manipulators, with the guides being 
positions of reference. The platform implements similar 
tasks as the raised roof. 

Method 3. A special raised platform, additionally 
coupled with a system placed upon it (on top of it) manu­
facturing smaller prefabricated and structural elements 
(a "sky factory"). 

Developing optimal algorithms to control the work 
of this machinery, in connection with monitoring the 
space below the platform and the machines by means of 
devices (scanners) identifying the transported and as­
sembled elements, allows to arrive at a task-function 
structure which is safe and efficient. 

In order to effectively use the above-mentioned 
methods, apart from perfonning planning and organisa­
tional activities, it is necessary to develop a new approach 
to fitting all installations inside the erected structure. To 
tie "fragments" of the installation with the assembled 
elements constituting the structure at the production stage, 
and using couplings thanks to which those fragments cam 
mechanically "self-couple" during the assembly of a level 
can speed up construction work. A lot of research re­
lated to this approach has been recently carried out in 
Germany, Japan, the USA, and Taiwan. 

In Poland, such an approach to the processes of 
automation and robotisation of construction work, in view 
of the current economical and social situation, is still 
groundless, and will not be of much interest to investors 
and construction companies. 

5.2. Priority research trends 

1. The success of robotics in large-lot production 
in the machine industry attracted interest in the processes 
of automation and robotisation of construction work. 
Nevertheless - due to the differences presented above -
transferring robotised technologies from one sphere of 
production to another has not led to noticeable improve­
ment in efficiency and cost reduction. 

Only the multiaspect, complex approach to the is­
sues of robotisation in construction industry - beginning 
at the stage of designing the structure of buildings, their 
decomposition and unification of the elements, through 
a simultaneous development of technologies of erecting 
(assembly) of structures, more "friendly" to robotics, and 
improvement in builders' working conditions, automat­
ing human labour shows the potential for significant 
improvement of efficiency of construction work - espe­
cially in the aspect of shortening the time of investment, 
amending safety standards, and reducing the risks for 
external environment. 

2. There is no multiaspect approach to the prob­
lem of automation and robotisation of construction work 
in Poland which, in effect, leads to a situation whereby 
only some selected issues are looked into, which does 
not provide opportunities in the near future for wider 
interest in behalf of investors and contractors. It is nec­
essary to create positive climates around those issues -
beginning with construction design, in order to facilitate 
the robotisation of construction work itself, through de­
velopment and organisation of the building site based on 
an integrated information technology system, and finally, 
developing complex systems of automated machinery and 
equipment. 

3. Another important task is introduction of auto­
mated devices which do particularly hazardous work (for 
example, where excessive dust or humidity occur) or 
dangerous work (assembling the carrying elements, work 
of facades of very tall buildings, etc). In order to justify 
the advantages of robotisation of such work, it is neces­
sary to include such costs to the economic calculations 
as sick leaves, medical treatment costs, or even compen­
sation funds for families of workers who suffered fatal 
accidents, for those who were injured or lost their health 
on the building site. It is also necessary to establish a 
legal system which may allow for reducing, for example, 
the insurance costs when automation and robotisation is 
used in construction work, this increasing work safety 
itself. 

4. Using global and local information technology 
and telecommunications network systems (the Internet, 
intranet, mobile telephone system and traditional tele­
phone network) and safe radio communications for data 
transfer, passing messages and orders, control signals, 
and sending infonnation (including video information) 
can be a new impulse for developing automation and 
robotisation of construction processes. This provides an 
opportunity to work on-line of a shared information sys­
tem available to all participants of the construction sys­
tem, who are usually dispersed. This system facilitates 
such tasks as testing, implementation of tasks and con­
trol over tasks done by automated machinery and equip­
ment. Work leading towards such an integrated system 
is currently initiated in the USA, Japan, Spain, under the 
motto of "E-work in construction information manage­
ment system". 

Uncertain perspectives of economic development in 
Poland in the near future, excess of still quite cheap 
labour, and the domination of foreign investors in the 
basic construction industry production, as well as the 
Polish affection for traditional construction methods in 
housing industry, regarded to be ecological, provides little 
hope for rapid development of automation and roboti­
sation to reach levels close to those observed in recent 
years in such countries as Japan, USA, Germany. Para­
doxically, it provides an opportunity that, in the near 
future, initiative will be taken to create elements, and a 
whole system employing automation and robotisation in 
construction work. 
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6. Concluding remarks 

The problems presented in the article are exception­
ally complex and, as such, had to be presented in four 
separate sections: the investment process, the company, 
the methods and, finally, generally conceived mecha­
nisation. Those issues are interrelated, and can be de­
scribed by a set of their own specific rules. They are all 
deeply rooted in market economy which sets out condi­
tions for their development, and the research itself is 
rooted in the sections mentioned above. 

Market economy clearly stimulates not only the re­
cruitment of students, mentioned in the text, and the cur­
ricula, but also dictates the subject matter for research. 

Postgraduate courses in organisation and manage­
ment in construction have proved to be a very popular 
choice recently. Nearly all academic centres in Poland 
offer postgraduate courses, mostly in real estate estima­
tion. 

Courses in Construction Engineering and Manage­
ment (CE&M) are now taking a wider perspective (both 
in their educational and research aspects), upgraded from 
the issues of researching processes on the building site 
itself to a higher level, ie researching organisation and 
management in the investment process, and the opera­
tion of the construction company as a whole. 

The issues of organisation and management dis­
cussed in this paper are covered by CE&M (or similar 
specialist fields), while the issues of mechanisation, au­
tomation, and robotisation remain in the focus of me­
chanical or electrical departments. Nevertheless, the 
course in organisation of automated and robotised work 
should be offered at construction departments. 

Publications and reports show that research in our 
academic environment follows the changes resulting from 
the emerging market economy. One can be optimistic 
about the matters of utilisation of research results and 
such activities as academic conferences and different 
types of training. 

The material presented above justifies the statement 
that organisation and management in construction indus­
try, both in their practical and research aspects, have been 
undergoing a true revival over the last decade. 
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