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Abstract

The problem of maintenance has been considered in European and world scientific circles for a long time. This is because structural changes in investment go in hand to hand with economic development and business advances. The level of investment in the construction of new structural projects is constantly decreasing and the level of assets invested in the maintenance of existing buildings rising. Experience shows that usage, maintenance and reconstruction costs far outweigh the cost of initial construction.

Much research has been done in this field, but maintenance problems differ from country to country. Differences are particularly noticeable in the average age of the building, its original quality, technological approach and materials used in its construction, climatic characteristics, type of ownership, economy of the country in question etc. Seven years ago, Croatia changed its economic and political system from socialism and a state-run economy to a market economy, thus bringing  the problem of sustainable maintenance into the focus of scientific and professional research.

The paper reviews the full scope of issues related to the maintenance of buildings in the Republic of Croatia in general, and in its capital, Zagreb, in particular. The districts of Centar, Novi Zagreb, and Trešnjevka have been taken as samples, being historically and architecturally very different. Each district, however, proved to be a very homogeneous sample regarding the main characteristics of buildings, and can therefore represent a model  for setting priorities for sustainable maintenance. Analysis of the economic and technical indicators within the life cycle analysis may indicate the unjustifiability of further maintenance or full reconstruction of a building. However, the historical, cultural and architectural values of the architectural heritage of any city must be preserved, and Zagreb  all efforts in this respect are being exerted. 

A new model for  maintenance sustainbility is being developed at the Faculty of Civil Engineering which is especially adjusted to the specifics of transition countries, one of which is Croatia.
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1  Introduction



The problem of maintenance has had high priority in European and world scientific circles, as the economic development and progress of a country changes the structure of investments. The proportion of investment in the construction of new buildings continuously decreases as investment in the maintenance of existing structures increases (1(.

This is especially the case in old city centres. Analysis of economic and technical indicators within the life cycle cost analysis may indicate to the unjustifiability of further maintenance or full reconstruction of a building (2, 3(. However, the historical, cultural and architectural values of the architectural heritage of any city must be preserved, and in Zagreb  all efforts in this respect are being exerted. 

The problem is how to preserve the original appearance of the building and, at the same time, ensure the safety and quality of usage. Sustainable maintenance implies that buildings are to be renewed in a way to enable people and communities to provide for their social, economic and cultural well being without compromising the ability of future generations to fulfill their needs and preserve their heritage.

The sustainable maintenance problem is very complex, and becomes a serious challenge to researchers in transition countries. These processes have fully emerged in Croatia which has embarked on the road to market economy and private ownership.





2  The Problem of Maintenance of Buildings in Croatian Cities



To make possible an understanding of the problem confronting municipal authorities and the population in Croatian cities in their efforts to ensure sustainable maintenance we first need to explain the specifics of the condition inherited from the past system.

The major part of the housing space in Croatia was privately owned until 1945. After World War II, the communists come to power in former Yugoslavia and nationalised all private property. People owning several flats or houses were  left with a single large (5- or 6-room) flat or two smaller (1- to 2-room) flats, with the remaining space being given to new right-to-use tenants. Other real estate, like land, factories, retail outlets etc. became the property of the Yugoslav state which took over their maintenance and management.

The maintenance of buildings in the past  has been nonsystematic and without planning, with a significant difference in treatment of housing buildings and public buildings (theaters, schools, hospitals, courts, administration buildings etc.).

Public buildings were under the direct jurisdiction of respective ministries (culture, education, health, administration etc.). There was always a shortage of funds for their regular maintenance, and repairs were undertaken only when it became critical. Partial or integral reconstruction of a building would then be undertaken. According the data from 1995, 5% of the total funds earmarked the maintenance of public buildings were spent on regular maintenance, and 14% on repairs. Investments in reconstruction represented 81% of the maintenance funds which amounted to US$53.5 million (4(.

The housing space was shared between the real owners of flats and the right-to-use tenants, with identical rights as the real owners although the flat was either state- or company-owned. The right-to-use institution was specific for the socialist system in Yugoslavia and has a strong impact on the maintenance of housing buildings. The users on housing blocks were not bound to maintain the common parts of a building (roof, staircases, facades etc.) since it was so-called social ownership.

The state, via its funds, contributed to the maintenance of housing buildings in the form of regular maintenance (16%), reconstruction (39%) and repairs which included emergency interventions (44%). The amount thus spent in 1995 was US$44 mil. (4(.

After 1991 and the break of Yugoslavia, new socio-economic relationships were established in Croatia. The law on the purchase of flats has enabled the former right-to-use tenants to acquire ownership of real estate under very favourable conditions. The maintenance of all buildings in the Republic of Croatia with two or more co-owners is regulated by the Law on Ownership Relations which imposes on the new owners the financing of the maintenance of buildings. For instance, the costs of renewal of the façade on a 3-storey high building in Zagreb, built in the 1930-s average approximately US$150 000. The Law was enacted in 1996 and started being applied some months ago.

However, the middle class population has been hit by the war and war damage, as well as the economic transition, and can hardly provide for the renewal of dilapidated buildings in which they now own flats. Such financial burdain will force numerous owners to sell their flats and move into smaller ones. Owners of flats in centres of cities, where the buildings are predominantly old and require more maintenance, will probably try to move to newer parts of the city. In all, after fifty years, housing has again become an economic category.





3	Review of the Housing Space in Croatia



The age of the housing space in Croatia is relatively high, with over 36% of the total space being built before 1960. Of this, 23% were built before 1945, and the rest during the 15 post-war years. The quality of these latter ones was significantly inferior, creating additional maintenance problems.



Table 1. Age structure of housing space in Croatia

CONSTRUCTION YEAR�NUMBER OF FLATS�(%(��do 1918�223,004�14.2��1919-1945�147,769�9.5��1946-1960�199,697�12.7��1961-1970�329,937�20.9��1971-1980�379,876�24.3��1981-1985�156,630�9.9��after 1985�132,812�8.5��Total�1,575,644�100��Source: The 1996 Statistical Yearbook of the Republic of Croatia



As the table shows, over 63% of the total housing space in Croatia has been built during the last 35 years (5(. It was normal in the socialist system for the state to build new housing blocks in new city districts, while systematically neglecting the existing housing space composed of old, pre-war patrician buildings for which maintenance there was no funds. They were occupied by either the owners of flats or the right-to-use tenants and such flats were maintained depending on individual needs, ambitions or financial strength, but without any obligation from the tenants.

Although neglected and in poor condition, these buildings have to be preserved for their historical, cultural and architectural value, while ensuring the basic requirements for safe and quality usage.

Zagreb became a free royal city in XIII century and has as rich history. Its old core has numerous baroque buildings from XVI and XVII century, making the situation in Zagreb more complex. This is the reason that motivated the authors to look for conditions for the application of sustainable maintenance on the Zagreb example.



3.1	The Zagreb Case

We shall start the analysis of the building maintenance problem in Croatia using the example of Zagreb, its capital. In total in 1994. there were 294,184 flats in Zagreb.Their age  is relatively high with over 71,201 ( 24.2  % ) of the total being built before 1945 ( 22,534 flats (8.8 % ) being built before 1918 ). In last 25 years in Zagreb   only  24.7 % of total housing space was built, mostly in new Districts like Novi Zagreb. The table below shows  the different structure of expenses for maintenance  of buildings according to age.



Table 2: The structure of maintenance costs of building  according to their age

Housing buildings�Large and high housing buildings�Housing buildings with up to 4 storeys with over 20 flats�Small buildings (cultural heritage)��Age, years�20-30�5-15�70-150��Quality of housing�poor �good to very good�average��Intensity of maintenance�low�medium�relatively high��Maintenance expenses�relatively low�medium�high��Maintenance�����Emergency repairs, %�30�30�5��Services & inspections�10�4�1��Small repairs, %�25�40�15��Large repairs, %�25�20�75��Removal of damage, %�10�6�4��

    For our research  the sample consisted  buildings in three districts – Centar, Novi Zagreb, and Trešnjevka – which are historically and architecturally very different. All three districts represent a very homogeneous sample, and cover three important groups of housing buildings  in Croatia, and can serve as a model for setting priorities in sustainable maintenance.







Table 3. General analysis of maintenance of housing buildings

DISTRICT�CENTAR�NOVI ZAGREB�TREŠNJEVKA��Population�51,810�127,645 �125,910��Number of buildings�2,026�1,691�1,310��Number of flats�12,000�31,000�35,000��Living area, m2�972,480�2,015,000�2,275,000��Annual maintenance costs, US$�4,563,000�2,526,700�2,099,200��Age�70 - 150�5 - 40�20 - 30��Average costs, US$/m2�4.7�1.3�0.9��Average costs US$/head�88.1�19.8�16.7��Source: Archives of the Municipal Housing Authorities for 1994



The whole of the Centar District is a protected city centre, with the majority of buildings from the second half of XIX century or early XX century. The buildings normally have four storeys, with retail outlets or office space in the groundfloor. Structurally, the buildings consist of walls in masonry, and floors of timber beams. The roofs are pitched with timber structure and tiles. Due to the unresolved maintenance system in the former system their state is relatively poor.

The Trešnjevka District is divided into two parts. The older part, with buildings 25 to 30 years old, consists of buildings with 10 to 20 flats each. Structurally, the buildings have a reinforced concrete (RC) framework with flat roofs unfit for walking. Most of the maintenance costs is spent on the roofs. The newer part emerged some ten years ago, with four-storey buildings with RC walls and floor slabs and pitched roofs.

There was no significant investment on maintenance in this newer western part of the district. Novi Zagreb is entirely made of large housing blocks and skyscrapers erected during the period of expansion of housing construction from 1960 to 1980. Buildings have an RC framework and flat roofs.



Table 4. Review of expenses for maintenance in three Zagreb districts

TYPE OF WORK�CENTAR 

(%(�TREŠNJEVKA

(%(�NOVI ZAGREB

(%(��Emergency repairs�6.6 �39.0�32.0��Services and inspections�0.8 �4.0�8.3��Small repairs�13.7 �26.4�22.5��Large repairs�78.0�30.5�26.4��Damage repairs�0.3�0.1�10.6��War damage�0.6�0�0.2��TOTAL   (%(

US $�100 

4,563,000�100 

2,526,700�100 

2,099,200��Source: Archives of the Municipal Housing Authorities for 1994



It is clear from the structure of expenses that the Novi Zagreb and Trešnjevka districts have high expenditures for emergency interventions, while the expenses for large repairs and reconstructions make a minor part of the total expenses for maintenance. Such a structure of expenses is very unfavourable and in the long term drastically increases maintenance costs.

The structure of expenses in the Centar District shows that most of the expenses go for large repairs, which in 1994 amounted US$3.5 mil. Such a structure reflects an increased care for the old city centre,  but is still insufficient. For instance, it was planned to spend US$1.8 mil. on the renewal of facades, but due to lack of resources only US$540,000 was spent.

Typical large repairs include facades, replacement of old water supply and sewerage installations, roof repairs, internal renewal of staircases, introduction of central heating, repair of structural elements etc.

According to data from 1994, US$2.3 mil.  was spent on the maintenance of housing buildings in the Trešnjevka District. The highest percentage of this was spent on emergency interventions for the repair of water supply and sewerage, central heating, elevators, roof repair, and structural repair, particularly bearing walls.

Data given in Table 3 on the maintenance of housing space in the Novi Zagreb District show that most of the funds were spent on emergency interventions and large repairs. This points to the fact that insufficient attention is paid to regular maintenance, which results in frequent occurrence of large damage.

In general, of the planned funds most expenses went for emergency interventions on water supply, sewerage and central heating installations, then for the repair of roofs and elevators.

The given data  confirms the fact that the cause of the poor condition the buildings in Novi Zagreb are in is not only the lack of regular maintenance but also due to the inferior design, constrution and maintenance of installations, poorly designed and constructed flat roofs, as well as poor quality and age of elevators.

The main requirement of rational maintenance implies comprehensive reconstruction after which only regular maintenance would be required. Investments in such reconstructions, particularly in parts of installations and flat roofs, would pay back through savings in regular and emergency maintenance.





4  Model for Setting Priorities for Sustainable Maintenance



To set priorities in the maintenance of buildings, with the principle of sustainable maintenance in mind, one should define criteria for the valuation of individual works needed and decision making. Each criterion weighs each element of maintenance, and a total figure defines priorities. These criteria vary from country to country and are subject to continuous scientific research and upgrading.

Historical, aesthetic, cultural, material, and functional values of a building, its age and other elements are all criteria which should be included in any decision-making model for priorities in maintenance. All models are based on a consistent and objective valuation of set criteria and on the formation of an index defining priorities in maintenance. The more criteria taken into consideration, the more substance the decision made has.

Research to date has resulted in the formulation of several models for setting priorities in maintenance of buildings.

One of the most widely known models is the attributive approach to setting priorities in maintenance. This model was developed in 1993 at the University of West England, UK. The authors were Prof. Alan Spedding, prof. Roy Holmes and Dr. Geoffrey Shen. Their starting point was a comprehensive study of the existing state in defining maintenance priorities by local British authorities and an analysis of the priorities setting models published to date. From the practical aspect, the model is simple, and from the manager’s standpoint flexible enough. The very process of making decisions is transparent enough to enable the participation of the users of buildings in defining priorities.

When defining priorities in planned maintenance, the decision makers should analyse the condition of the building from various aspects, such as technical, political, financial, social, economic, and legal. After taking into consideration the above aspects, the criteria are defined and weighing factors applied. Besides standard criteria, special criteria also occur, such as legal aspects, maintenance policy, diverse informal pressures and others. Sometimes these special criteria have more influence than the standard ones and are decisive in decision making.

Always the first step in planned maintenance of buildings is defining structural and nonstructural elements which require replacement or repair works (6(. The task on the model for defining priorities is to sequence consistently the defined maintenance works according to their overall significance. All models are based on an as consistent and objective weighing valuation of planned works as possible, and on the formation of a cumulative index which defines maintenance priorities.

Let us define n criteria – C1, C2, …, Ci, …, Cn – and let their relative significance or relative weight be defined with W1, W2, …, Wi, …, Wn. If we label with j the work on the replacement or repair of a considered element, then for each criterion we can valuate this work, or the significance of this work relative to the set criterion. We shall label these values with Sj1, Sj2, …, Sji, …, Sjn. The cumulative index, called the index of priority for work j, is derived applying the following simple expression:



Ipj = Sj1(W1 + Sj2(W2 + … + Sji(Wi + … + Sjn(Wn



This way, each work on the maintenance of a building is valued by a single parameter, and prioritisation is carried out by simply arranging the indexes in a descending order.

A new model for sustainability of maintenance is being developed at the Faculty of Civil Engineering in Zagreb within a scientific project which is based on the above described attributive approach and is adjusted to the specifics of transition countries one of which is Croatia. When defining criteria, the specifics of Croatia as a transition country, but also a country with rich cultural and architectural heritage, were taken into consideration. Besides this, the model will attempt to consistently weigh the proposed criteria.









5  Conclusion



This paper presents three types of urban districts in Zagreb, with buildings of diverse historical, cultural and architectural value. While some buildings are in poor condition and economic parameters indicate that these could be demolished without additional consideration, other which form the old urban centre and represent the wealth of all the citizens and even country should by all means be preserved.

The problem is how to preserve the original appearance of a building, and also ensure the safety and quality of usage. Sustainable maintenance implies that the buildings are to be maintained so as to provide the people and communities with social, economic and cultural well-being without compromising the ability of future generations to meet their needs and to preserve their heritage.

No scientific research has been undertaken in Croatia to date which covers the management and maintenance of buildings. International experience in this field cannot be directly applied since each country has its own specifics in problems to be overcome by maintenance, such as the age of buildings, their initial quality, applied technology and materials and economic transition, like in Croatia, which reflects on the financial potential of the population and municipal authorities.

The problem of sustainable maintenance is itself very complex, and becomes a real challenge to scientists in transition countries that have changed the political system.

This is why it is not possible to apply directly the available knowledge on maintenance management to the Croatian case, but the existing knowledge and possibilities should be adjusted to our requirements and specific conditions.
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