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ABSTRACT

Designing apartment buildings is one of the most responsible tasks since it has the largest effect
on the users and is their closest interaction with the built environment. People spend the most
time in their homes and therefore it is imperative to explore all aspects of housing with the goal of
understanding and subsequently improving the living conditions. Architectural research in housing
is mostly focused on urban planning and on spatial characteristics of the apartments but there are
other areas which need to be considered, such as the structural aspect.

The structural elements of the buildings are primarily important for the building stability, but also
for the living comfort. Additionally, the choice of the structural elements influences both the building
cost and the time needed for construction. Development of new materials and technologies has
enabled faster and cheaper construction of apartment buildings of higher quality and has opened
up new architectural design possibilities. The goal of this paper is to identify the time periods of
predominant use of certain materials and structural systems in apartment buildings and to show
the evolution of construction technologies through the prism of residential architecture. The sample
used in this research consists of apartment buildings in Osijek, Croatia constructed from 1930 to
2015.
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INTRODUCTION

Housing is one of the most important components of social and economic development of a society,
organization and arrangement of space and a big factor in raising the living standards of the popula-
tion (MGIPU, 2013). Designing apartment buildings is one of the architects' most responsible tasks
since it has the largest effect on the users and is their closest interaction with the built environment.
People spend the most time in their homes and therefore it is imperative to explore all aspects of
housing with the goal of understanding and subsequently improving the living conditions. Architec-
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tural research in housing is mainly focused on housing quality (HQl; Ren et al. 2018; Bennet et al,
2016), user satisfaction (Borgoni et al.2018; Milic & Zhou, 2017), apartment characteristics (Tibe-
sigwa et al, 2017; Mridha, 2015; Sima, 2015), apartment building characteristics (Nahtigal and Grum,
2015; Choi and Cho, 2014; Arce and Wyckmansa, 2014), and neighbourhood characteristics (Lea et
al, 2016; Shin et al. 2016) which affect housing, as well as with social and economic (Streimikiene,
2015; Hadad et al, 2011) aspects of living. There are however, other areas which need to be consid-
ered, such as the structural aspect. The structural elements of the buildings are primarily important
for the building stability, but also for the living comfort. Additionally, the choice of the structural
elements influences both the building cost and the time needed for construction. Development of
new materials and technologies has enabled faster and cheaper construction of apartment build-
ings of higher quality and has opened up new architectural design possibilities. In this paper, we will
address the aspect of technologies and materials used in the construction of residential buildings in
the City of Osijek built in the last 90 years.

City of Osijek is located in the eastern part of the Republic of Croatia with a population of about
80,000 and with more than 40,000 of housing units. In first half of the 20th century, it was a large
industrial centre. Today, the city is in deep economic crisis that has triggered the emigration trend of
its population. The history of residential housing in the city of Osijek can be traced back to the be-
ginning of the 20th century when industrial companies started to build apartment buildings for their
workers (Radovi¢ - Maheéi¢, D. 2006) but most of the Osijek apartment buildings were constructed
in socialist time period, from 1945 to 1991 (Brkani¢, I. and Atanackovi¢ — Jeli¢i¢, J., 2018).

The construction technologies that were used throughout the history in the city of Osijek were
changing as the needs, possibilities and building policies of the times changed. Due to econom-
ic crisis and political decisions at the end of 1920s Osijek was left with a large number of empty
homes which virtually stopped the construction industry. During 1930's fewer residential buildings
were built (DAOS) but this situation changes after 1945 when the city gains an industrial as well as
regional importance which boosted the construction industry. After the WW2, Osijek experienced the
greatest socio-economic development triggered by the process of industrialization and urbaniza-
tion and attracted people from the wider Slavonia and Baranja region. The whole socialist period is
characterized by mass housing construction which sought to reduce the constant housing shortage
since the population between 1948 and 1971 almost doubled. In the city of Osijek, more than 20
new residential areas were constructed between 1945 and 1991 (Brkanic et al., 2018). After a hous-
ing construction stagnation at the beginning of the 1990s private entrepreneurs started to build
low-quality apartment buildings often situated in inappropriate locations (Bobovec et al., 2016).
The goal of this paper is to identify the time periods of predominant use of certain materials and
structural systems in apartment buildings and to show the evolution of construction technologies
through the prism of residential architecture. The sample used in this research consists of apart-
ment buildings in Osijek, Croatia constructed from 1930 to 2015.

METHODOLOGY

After an extensive search of existing work which would describe the construction technologies in
the observed time frame, and after consultations with colleagues who focus in the refurbishment of
designated as cultural heritage, the Authors found that there does not exist a complete and com-
prehensive literature source which would present the evolution of construction technologies that
appeared and were used in continental Croatia in the time frame of last 90 years.

Most of the research focuses on buildings constructed up to the first half of the 20th century. This is
not surprising since these types of buildings are under some sort of protection as cultural heritage
and their refurbishment requires special consideration, while the post-war architecture is relatively
new and the original construction methods are not important in case of their refurbishment. Never-
theless, an overview of the development of new construction technologies, materials, and structural
elements is important not just for encyclopaedic purposes, but as a base for further research, which
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intends to compare these developments with other socio-economic factors and to identify the con-
nections and causal links.

To determine what construction technologies, materials, and structural elements appeared and
when it was decided that the most effective way would be to study the design documentation of
buildings constructed in that time period. Design documentation for buildings constructed up until
1991 was available at the city archives, while the documentation for more recent buildings was ac-
quired through contacts with the designers and owners of those buildings. Design documentation
consisted of various design drawings and descriptions of the building structure.

In parallel to acquiring design documents and before the analysis of the documentation, a database
in the form of a table was created in which the data was to be entered. It was, of course, needed to
define what characteristics are of interest to the research so that they can be read or inferred from
the design documents.

The city of Osijek was chosen because its' buildings are representative of all the construction tech-
nologies in continental Croatia and the sample size is sufficient and yet manageable. Zagreb, as the
national capital, has around eight times larger building stock, while other cities are much smaller than
both Zagreb and Osijek, and the sample probably would not contain all building and technology types.
Due to this research being a pilot study, the sample contained only 58 buildings. The idea was to fill
the database with information from a representative sample to draw preliminary conclusions and
to see whether some information regarding the buildings is missing and/or is not important for the
research.

STRUCTURAL CHARACTERISTICS OF THE OBSERVED RESIDENTIAL BUILDINGS

Previous section introduced the database in which the data from design documents will be stored.
The database was created in the form of an MS Excel table, in which the rows contain relevant data
on each specific building, as defined in the columns of the table. The Authors chose which data to
include in the table based on similar previous research and based on requirements of future planned
research. Due to a large number of rows and columns in the database (60 and 38 respectively), it
is not practical to be shown in the paper in its entirety, so it will be shown in excerpts and for a few
buildings out of the total sample. An excerpt of the database, showing the first section with general
information on buildings, is shown in Figure 1. The database is divided into 5 following sections,
each of which will be described in detail in their respective subsections:

_ General information

_ Basement

_ Ground and upper floors

_ Staircase

_ Roof structure

_Figure 1: Excerpt from the database (1/5)
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General information

This section of the database contains the basic information on the building, such as the address, the
year in which the building started construction, how many stories it has above and below ground,
outer dimensions, and whether the building is structurally dilated. This information is essential to
be able to compare the structural elements based on the building's general characteristics and time
when it was constructed.

Basement

The second section (presented in Figure 2) starts with the information on the structural systems.
First two columns present the type and material of the foundations, followed by material and width
of the basement walls and ceiling slabs. The final column contain information on the structural
system of the basement.

_Figure 2: Excerpt from the database (2/5)

Ground floor and upper floors

The third section of the database contains information on structural elements of ground floors. Ma-
terials and width of load-bearing walls, partition walls and ceiling slabs are presented. Additionally,
the database contains information on whether the building has tie beams and tie columns, does the
slab transfer loads in one or in two directions and the material of the topmost slab, if it differs from
the slabs on lower levels. An excerpt of the database containing this information is shown in Figure 3.

_ Figure 3: Excerpt from the database (3/5)
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STAIRCASE AND ROOF STRUCTURE

The final two sections show the information on the buildings' roof structures and staircases. For
the roof structures it is important to know the type of the roof, structural type, material and slant,
while for the staircases information on structural type, materials, number of flights and anchoring
methods are of importance to this paper. Due to a relatively small number of information required,
sections 4 and 5 are presented together in Figure 4.

_Figure 4: Excerpts from the database (4/5) and (5/5)

DISCUSSION

After all the data for the buildings in the sample were entered in the database, the following step was
the primary goal of the research, to see and compare how did the construction technology and ma-
terials change through time. For easier manipulation with the data and because of already suspect-
ed differences between the construction technologies, the buildings in the sample were divided into
5 groups based on the predominant housing policies during that time (Tsenkova, S. 2009; Brkanic¢ et
al. 2018). Those 5 groups are:

1. before 1945 — 9 buildings in the sample (Pre-socialist Period)

2. 1945-1959 - 11 buildings in the sample (Socialist Period - a period of establishment of

the socialist housing system)

3. 1960-1975 — 17 buildings in the sample (Socialist Period - a period of revolutionary re-

forms)

41976-1991 — 13 buildings in the sample (Socialist Period - a period of marketization)

5. after 1991 — 8 buildings in the sample (Post-Socialist Period)
To textually compare all building characteristics of different time periods would be the most detailed
method. However, it might be more difficult for the reader to interconnect all the information and it
would take too much space in the paper. Table format, on the other hand, would be most suitable to
succinctly show the developments, but it has its own limitations. When presenting data in a table
format, some nuances may be lost, and correlations cannot be explicitly stated. Therefore, the most
significant consequence of construction technology development is described in most detail in the
next subsection, while other characteristics will be presented in the table below.

Comparison of advances in technology related to building height

When comparing the buildings' general characteristics, the most significant fluctuation throughout
the time period is building height. In the first time period, the buildings are relatively low, with only
two or three stories aboveground. In the second period, we can see that the average height rises to
around four to six stories. There are two likely reasons for this scenario. The first is the larger need
for housing in the urban centre and the other is the development of new construction materials and
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technologies. During the second time period, concrete foundations phased out the masonry foun-
dations and prefabricated reinforced concrete (RC) slabs replaced wooden beams, among others.
The third time period further accentuates the growth in height with many residential buildings with
10 or more stories being built. This is also because a large number of people moved to the urban
centres, but still, it would not be possible to house them in such buildings without further improve-
ment in construction technologies. Most notable improvements include the increased use of rein-
forced concrete for the load-bearing elements, primarily slabs, walls, beams and columns. Addi-
tionally, the appearance of new structural elements and systems such as RC frame structures and
foundation piles, and using RC instead of brick masonry for load-bearing walls have enabled higher
buildings to be built. This, of course, does not mean that it was impossible to build higher buildings
before, but that these advancements made higher structures more affordable to build.

Buildings in the fourth time period remain for the most part the same height, but in the last time
period, even though more and more structural developments become evident, the height of the con-
structed buildings is at most 6 stories. This may be due to zoning regulations, due to decreased
influx of people to the urban areas, but also due to the fact that higher structures are more expensive
to construct per square meter and developers (which are now private, not mostly public) have no
financial incentives to construct higher buildings. From that rather simple example of how one build-
ing characteristic had changed through time, we can see not just how the need and development
of technologies influence each other, but also how many outside factors influence how and why
residential buildings are constructed. Therefore, it is of relative importance to have a comprehensive
overview of how construction technologies have changed over time and what has influenced the
change.

Comparison of most frequent structural elements for each of the time periods

As it was mentioned earlier in the paper, to enable easier comparison of the structural elements
prevalent in each of the time periods, the data was structured in a table form. Due to constraints
of the table, only the most distinct materials, elements, sizes, etc. could be shown. An additional
disadvantage is that new developments and unique occurrences cannot be shown in the table itself.
Therefore, this section will provide not only the commentary of the data presented in Table 1, but
also all the data that could not be shown in the table.

Some general conclusions from the data in the table can be gathered. First and foremost, the height
of the buildings has risen dramatically due to rising demand but facilitated by the improvements in
construction technology. Foundation type changed from strip foundations to piles for higher struc-
tures and to foundation slabs for newer buildings. Strip foundations were made from brick masonry
and were gradually phased out first by concrete and then concrete by reinforced concrete (RC).

A similar situation happened with the basement walls and also with all load-bearing walls in gen-
eral. They gradually transformed from masonry, through concrete to RC. Their width also reduced
with new materials being introduced and with more detailed structural analysis available. Basement
walls have reduced their initial width from 60 cm for masonry walls to 20 cm for RC walls and
load-bearing walls from 45 cm to around 20 cm. Partition walls have also reduced their width from
15 cm in the first period to 7 cm in the fourth period. Curiously, the width increased in the last period,
most likely because of sound insulation. As for materials, a vast majority is made of brick masonry
but however, the third period features aerated concrete blocks and fifth period drywall panels.

_Table 1. Comparison of prevalent structural elements throughout the observed time periods

Building element

ion Before 1945 1945 to 1959 1960 to 1975 1976 to 1991 After 1991
or characteristic

stories

Seldom . Seldom Seldom
Seldom occurring

5 l(iﬂlrilt:fr |:;lgh1 Mostly 5 or 6, with  Mostly 5 or 6,

T 20r3 4or5 10to 12 also with 10 to 12 4or5

E aboveground resent also present

S stories) P P

£

= Underground ] 1 1 1 1, some 0
5]

c

5]

5}

Structural dilations  None

occurring occurring occurring
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. Strip Strip . . Strip Strip .
Foundation L . Strip foundations; . foundations and
: foundations; foundations; foundations; f
type/material N Concrete and RC foundation
» brick masonry  Concrete Concrete and RC N
5 slabs; RC
2 Longitudinal Longitudinal and
° Structural system Longitudinal and giuc Perpendicular Combined
5 . perpendicular
3 perpendicular
@ Basement wall Brick Masonry: 38 and Concrete and
3 type/ material / masonry; 51 51 Y brick masonry; 25 RC, 20 cm RC; 20 to 25cm
2 ; cm
5 width or 60 cm cm
Basement ceiling Semi- Semi- . . Semi- L .
slab type / prefabricated prefabricated (l\:Anc])nollthlc RC: 30 prefabricated l;loogrc:]hthic RC:
material / height RC; 40 cm RC; 20 to 40 cm RC; 20 cm
Longitudinal Longitudinal and
Structural system Longitudinal and gitud Perpendicular Combined
. perpendicular
perpendicular
Load bearing walls Brick . Brick masonry; RC and brick RC and brick RC and b_mk
N h masonry; 45 ) . masonry; 20 to
material / width 25and 38 cm masonry; 25 cm masonry; 20 cm
cm 30cm
Tie beams and tie None Tie beams only Both Both Both
® columns
5 N -
2 Partition wall Brick . Brick masonry; Brick masonry and  Brick masonry; Brick masonry
- N . masonry; 10 . N and drywall
2 material / width 10cm siporex; 7cm 7cm 4
3 or15cm panels; 12 cm
g Ceiling slab type/ ~ Wooden Semi- Monolithic Re; 20 Se™i- Sre:;ai;aricated
3 mater?al / heiy’;n beams; 45 cm prefabricated cm ' prefabricated znd monolithic
< 9 g RC; 20 to 40 cm RC; 25 cm °
RC; 30 cm
4to 5m; load 4to 5m; load 3to4m;load 4 m; load 4to 7 m; load
Span and load ferin 1 ferin 1 ferin 1 and 2 ferin 1 and ferin 1 and
distribution type !r_ans erin tr_ans er in tr_ans erin 1 an trar_\s erin1an trar_\s erinlan
direction direction directions 2 directions 2 directions
Topmost slab
different from the Sometimes No No No No
rest?
Structural type RC stairs on Cantilevered RC stairs on RC slab RC slab
steel tendons tendons
» RC and
& Material RC RC slab RC and_ prefabricated RC
s prefabricated RC RC
g Nubmer of flights 2 2 2 1and 2 2
Method of
anchoring the RC slab on RC slab RC slab RC beam and RC slab
. steel tendons slab
landing
Double queen Double queen
Structural type ost q post and Flat roof Raftered Flat and rafted
- P raftered
é Material Wood Wood RC Wood and RC RC
Double p!ched Double pitched Flat and double Flat and double
Slant and multi- f ¢ Flat roof " £ " ¢
pitched and flat roo pitched roo pitched roof

In the first two periods, the structural system contained only load-bearing walls and slabs (parallel
to the street fagade, perpendicular to it, or a combination of the two). The following periods also have
load-bearing walls as prevalent structural systems, but however first RC frame appeared in 1963.
The first tie beam appeared in 1953 and tie column in 1966. It could be interesting to see whether
their first appearance and subsequent use relates to perhaps new seismic regulations.

Ceiling slabs have also seen similar improvement over the years. Only the first period features wood-
en beams, while the following periods predominantly use either semi-prefabricated RC systems or
monolithic cast in place RC slabs. Their average height has also reduced from 40 cm in the 1940s to
20 cm in the third period. From the table we can see that the height increased in fourth and fifth peri-
ods. This can be explained by an increased span of the slabs and increased prevalence of semi-pre-
fabricated slabs in favour of cast in place slabs, later of which can be more expensive and take more
time to build. In most cases, slabs transfer loads in only one direction. This is expected because of
the structural system and because larger spans are rarely needed in residential construction. Pre-
stressed concrete slabs are also quite rare, appearing in only three buildings in the sample as a type
of a semi-prefabricated slab.

Structural systems of stairways are quite different to each other, not just through the time periods,
but within the periods themselves. It would be necessary to study a larger sample to see whether
one type would stand out as the most frequent. Some conclusions can, however, be drawn, such as
that RC is the overwhelmingly most common material. The first period has predominant RC stairs
and landings on steel tendons, the second period has cantilevered RC stairs and landings. Prefabri-
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cated stairways first appear in the second time period and become most widespread in the third and
fourth periods. In the last period, monolithic RC slabs become the norm.

Roof structures have also seen improvements through the observed periods. The first period fea-
tures exclusively wooden traditional structures and double and multi-pitched roofs. Prefabricated
RC roof slabs begin appearing in the second period and in the third period all but one roofs are flat
roofs with either monolithic or prefabricated RC slabs. The fourth period features the reappearance
of wooden roof structures, modernised in structural design to use less material per roof area. The
last period is similar to the third, with mostly prefabricated and monolithic RC slabs. Some roofs,
however, are slanted and one of them has a steel truss for the roof's bearing structure.

CONCLUSION

The goal of the paper was to present the evolution of construction technologies of apartment build-
ings. Through the review of previous research, the Authors concluded that no similar research had
studied and comprehensively presented construction technologies of buildings built from the 1930s
until today. This paper presented the most common structural elements, types and materials as well
as other structural characteristics of buildings constructed in Osijek from 1930 to 2015. While the
sample was chosen due to the availability of design documents in city archives and the overall city
size, the Authors consider that it is representative of construction technologies in continental Croa-
tia and even across borders in countries with similar socioeconomic backgrounds.

This research has successfully identified the evolution of construction technologies through time.
The results were collected in a database and presented in the table format, accompanied by textual
clarifications. It was expected that most of the changes in the building stock would be connected to
housing policies, therefore for better readability and manageability of the data, the buildings were
divided into five time periods based on the predominant housing policies during that time.

Table 1 in the previous section contains information most common structural element types, mate-
rials, dimensions, etc. for each of the periods and the change in structural elements and evolution
of construction technologies can clearly be seen. These results can serve not just as encyclopaedic
knowledge but also as a starting point for more focused research into how and why have the con-
struction technologies evolved through time.

However, after analysing the buildings in the sample, it became evident that additional information
could be included in the database and that the sample size is too small for drawing conclusions with
a high degree of certainty. Therefore, the study should be repeated with a larger sample and with,
for example, information on building facades. Future research should also study the connections
of changes in prevalent construction types and materials with new technological advancements,
regulatory requirements and socioeconomic aspects, to name a few.
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