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According to Wikipedia, Sustainable Development is an organising principle for human life on a
finite planet. It posits a desirable future state for human societies in which living conditions and
resource-use meet human needs without undermining the sustainability of natural systems and the
environment, so that future generations may also have their needs met. The term 'sustainable de-
velopment' rose to significance after it was used by the Brundtland Commission in its 1987 re-
port Our Common Future. In the report, the commission coined what has become the most often-
quoted definition of sustainable development: ”development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”.

The concept of sustainable development has been, in the past, most often broken out into a
three constituent domains: environmental sustainability, economic sustainability and social sus-
tainability. However, many other possible ways to delineate the concept have been suggested. For
example, the Circles of Sustainability approach
(http://en.wikipedia.org/wiki/Circles_of_Sustainability) distinguishes the four domains of: eco-
nomic, ecological, political and cultural sustainability.

A Circles of Sustainability representation - in this case for Melbourne in 2011.
(http://en.wikipedia.org/wiki/Circles_of_Sustainability)
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Sustainable development is one of the greatest challenges of the modern world. Sustainability
includes environmental, economic and social aspects, all contributing to a durable development of
the society. From assessment like the one with the Circle of Sustainability, supported by the four
pillars, it results that current focus is usually unbalanced due to the weakness of environmental
component. Scores for Constructions & Settlements are average, while for Materials & Energy
Emissions and Waste, both of them very important for construction, are bad or critical.

Buildings consume 40% of our planet’s materials and 30% of its energy. Their construction
uses up to three million tons of raw materials a year and generates 20% of the solid waste stream.
If we want to survive in our urban future, there is no option but to build in ways which improve
the health of ecosystems. Understanding the concept of ecological sustainability and translating it
into practice as sustainable development are the key tasks for today’s built environment profes-
sionals. The skill and vision of those who shape our cities and homes is vital to achieving sustain-
able solutions to the many environmental, economic and social problems we face on a local, na-
tional and global scale (Peter Graham, Building Ecology: First principles for a sustainable
Built Environment, 2002).

The building industry plays an important role both in national and global economies. However,
the approach on sustainable constructions has different priorities and purposes in various coun-
tries. According to concepts of Circles of Sustainability, the sustainable construction can be re-
garded as a subset of sustainable development and contains a wide range of issues, i.e.: re-use of
existing built assets, design for minimum waste, reduction of resources and energy consumption
and of pollution.

The sustainability of building environment is a larger concept than sustainable constructions,
because it includes not only the new constructions, but also the existing ones. It is estimated that
there are 25 billion m2 of useful floor space in the EU27, Switzerland and Norway (BPIE, 2011:
Europe’s buildings under the microscope). The gross floor space could be concentrated in a land
area equivalent to that of Belgium (30,528 km2). Non-residential buildings account for 25% of
the total stock in Europe and comprise a more complex and heterogeneous sector compared to the
residential sector. A substantial share of the stock in Europe is older than 50 years with many
buildings in use today that are hundreds of years old. More than 40% of our residential buildings
have been constructed before the 1960s when energy building regulations were very limited. A
large boom in construction was in the period 1961-1990, and the housing stock in most European
countries more than doubled in that period. The performance of buildings depends on a number of
factors, such as the performance of the installed heating system and building envelope, climatic
conditions, behaviour characteristics (e.g. typical indoor temperatures) and social conditions (e.g.
fuel poverty). Data on typical heating consumption of the existing stock by age shows that the
largest energy saving potential is associated with the older building stock, where in some cases,
buildings from the 1960s are worse than buildings from earlier decades. The lack of sufficient in-
sulation of the envelope in older buildings was also reflected through the historic U-value data,
which comes with no surprise as insulation standards in those construction years were undevel-
oped.

The building sector is one of the key consumers of energy in Europe, where energy use in
buildings has seen overall a rising trend over the past 20 years. In 2009, European households
were responsible for 68% of the total final energy use in buildings. Energy in households is main-
ly consumed by heating, cooling, hot water, cooking and appliances. The dominant energy end-
use (responsible for around 70%) in homes is space heating. Gas is the most common fuel used in
buildings while oil use is highest in North & West Europe. The highest use of coal in the residen-
tial sector is in Central & Eastern Europe, where also district heating has the highest share of all
regions. Renewable energy sources (solar heat, biomass, geothermal and wastes) have a share of
21%, 12% and 9% in total final consumption in Central & Eastern, South and North & West re-
gions, respectively (BPIE, 2011).

That is why transnational research projects as Inspire – Integrated strategies and policy in-
struments for retrofitting buildings to reduce primary energy use and GHG emissions, fi-
nanced by the Eraco-Build Sustainable Renovation Program are so important (Botici et al., 2014:
Sustainably challenges of residential reinforced - concrete panel buildings. Urbanism. Arhitec-
tur . Construc ii. Vol. 5, No. 2, 2014).

The research reports and papers collected in this volume have been presented and debated in
the frame of an International Seminar entitled “Opportunities in sustainably retrofitting of large
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panel reinforced concrete building stock”. A significant part of the printed contribution sum-
marizes the research activity developed at The Politehnica University of Timisoara, focused on
the rehabilitation of prefabricated large panel reinforced concrete blocks of flats; a building con-
figuration intensively applied in Romania and in Timisoara, in the period 1962-1989.

I am sure that the reader, either specialist in the field or not, will find in this volume a lot of in-
teresting and useful information.

Prof. Dan Dubina, C.M. of Romania Academy

Timisoara, January 2014
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Current energy policy and climate mitigation goals require distinct reductions of the primary en-
ergy demand and greenhouse gas emissions in the building sector. Thereby the existing building
stock poses a special challenge since it proves very difficult to activate the large existing reduc-
tion potentials because of a variety of institutional, economic, informational and social reasons.
So far clear-cut and widespread technically and economically optimized renovation strategies for
the existing building types are not established for the relevant actors or public authorities drafting
policy instruments and subsidy programmes.

There is a need for guidelines and standardized approaches for different building types aiming
at reducing the complexity which arises from the vast space of potential energy-efficiency, retrofit
and renewable energy production options. Such guidelines facilitate the dissemination of new
technologies, lower their costs as well as technological and economic risks. Furthermore, there is
a certain lack of knowledge regarding the social and the political dimension of building retrofit
projects; the role of learning, networks and actors as well as institutional settings. Extensive anal-
ysis is needed on how different instruments, such as legal and economic approaches as well as
networking can support innovation, the formation of new knowledge and learning processes,
which will lead to the development and diffusion of retrofit measures and technologies that are
cost-effective, sustainable and assure durability and structural safety.
Project Partnership

TEP Energy GmbH Zurich, Switzerland – Project coordinator
Martin Jakob, Hristina Chobanova, Claudio Nägeli
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1 SCOPE AND OBJECTIVES

The increasing number of building retrofits that can meet the requirements of advanced
building standards is an indicator for the availability and feasibility of energy-efficient tech-
nologies. The economic effectiveness and viability of such buildings, however depends on

SUMMARY OF THE INSPIRE PROJECT
Integrated strategies and policy instruments for retrofitting
buildings to reduce primary energy use and GHG emissions
(INSPIRE)
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many factors, e.g. scope, time horizon, interest rate as well as energy price expectations and
preferences. It has not yet been systematically analysed how to define, promote and support
technically and economically optimized retrofit strategies to make sure the ambitious targets
of primary energy reduction and CO2 mitigations for different types of buildings in the exist-
ing stock can be achieved at lowest cost.

The INSPIRE project provides an overview and systematic assessment of retrofit strate-
gies and policy portfolios, through comparative case study analysis. This knowledge is criti-
cal in designing, developing, implementing and evaluating policy instruments supporting ef-
fective retrofit strategies for the future.

The goal of the project was to systematically address the above stated questions for dif-
ferent building types and in different institutional or country contexts. The research resulted
in a) guidelines and specific inputs for retrofit strategies for different building types and en-
ergy-related building standards as well as b) intervention points for policy approaches as
well as institutional settings and design guidelines for policy measures to foster energy-
efficient retrofitting. Results may be used in building retrofit strategy tools both on technical
and on policy level.

2 RESEARCH ACTIVITIES

The main research activities of the project were divided into work packages.

WP 1: Techno-economic assessment of energy-efficient building retrofit strategies (current
technologies)
The objectives of the WP1, based on the project description, are:

- Currently available technologies and retrofit practices will be evaluated with respect to
technical performance, primary energy needs, range of application, costs and CO2 emission
reduction potential, for both broadly available and best practice technologies;

- The existing building stock will be classified (country-wise) into the most common BTs with
respect to appropriate energy-efficiency retrofit measures: One- and two-family houses,
multi-family houses, office buildings, school buildings, etc.;

- For each of these BTs technology mixes to fulfil ambitious energy standards are determined.
Focus will be on cost efficient reduction of primary energy consumption and greenhouse
gases. Especially, interesting is the exploration of favourable mixes of measures to reduce
energy losses of buildings and measures to tap renewable energies within the building pe-
rimeter.

The WP was carried out by Econcept AG (responsible) and TEP Energy GmbH, with inputs
from all partners.

WP 2: Case studies of sustainable renovation in Eastern and Northern Europe
Scope of WP2 is the adaptation of renovation experience of prefabricated concrete residential
buildings in Finland to Eastern European (EE) countries, with special focus on the technological,
economic, institutional and policy setting.

Concrete residential buildings represent the largest retrofitting challenge in EE; and one of the
best opportunities to substantially improve energy efficiency of residential buildings.
The solutions from WP1, will be reviewed from the points of view of: (i) technological applicabil-
ity in EE, (ii) compatibility with other, non-energy focused retrofit needs of concrete residential
buildings and (iii) economic feasibility in EE markets. Therefore, the solutions will be analysed in
a broader perspective, by integrating all the complex aspects of a building retrofit intervention.

The WP 2 was carried out by VTT and UPT.

WP 3: Embodied energy and embodied GHG of energy-efficient building retrofit strategies
In WP 3, the impact of embodied energy and embodied GHG on the performance of building ret-
rofit strategies is explored and integrated into the evaluation framework of WP 1. More precisely
it is investigated to which extent primary energy efficiency and GHG mitigation performance and
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thus, cost-effectiveness is undermined if embodied energy and embodied GHG is included in the
considerations.

WP 3 is carried out by TEP Energy GmbH (responsible) and Econcept AG, with inputs from
all partners. The contribution of each country typically would include a description of the state-
of-the-art of embodied energy and embodied CO2 in the building sector:

- definition and methods used in each country;
- description of data availability and list literature (including provision of copies);
- compilation of some key figures (e.g. kWh and kgCO2 per  m2) of construction elements

and building technologies (e.g. wall, window, heating system) and energy-efficiency
measures (e.g. wall insulation).

Basic research in WP3 was performed by TEP Energy (responsible) and Econcept for Switzer-
land.

WP 4: Policy instruments for innovation of energy efficient retrofit measures in existing
building
The WP 4 will focus on analysing the role of learning and networking in energy efficient (EE)
renovations.

- the challenges of (current) policy strategies with regards to the implementation of EE ret-
rofit technologies will be identified. EE strategies and policy instruments for more EE and
cost effective retrofitting in Europe will be reviewed.

- building projects, incl. broadly applied and best practice retrofit measures will be as-
sessed, focusing on the role of knowledge development, learning, networking, actors and
institutions. (3) Based on the assessments, key success factors will be identified for the
development and implementation of different EE retrofit measures.

- it will be crucial for future design of different policy instruments addressing more effi-
cient energy use in existing buildings. It will also help to identify points of intervention in
the technology development and implementation phase (in terms of both new and current-
ly applied solutions) for policy design. Innovative policy instruments will be discussed
with the focus on network support.

The WP 4 was carried out by IIIEE (responsible) and Aalborg University.

WP 5: Synthesis
In WP 5, a synthesis is performed to generate guidelines of energy- and CO2-efficient retrofit
strategies and tailored policy instruments to foster their diffusion, by country.
This material collects the results of the INSPIRE project with specific focus of prefabricated
building typology prevailing in East European countries, including Romanian. The work summa-
rised is most closely (but not exclusively) related with the contents of WP2, so the structure of
this work package is described in more detail below.

3 WORK PLAN FOR WP2
3.1 Scope and content
The overarching scope of is to facilitate the adaptation of renovation experience of prefabri-
cated concrete residential buildings in Finland to Eastern European countries, with special focus
on technological (e.g. architecture, building physics & structure, safety), economic (e.g. business
models), institutional and policy settings.

Concrete residential buildings present the largest retrofitting challenge in Eastern European
countries; and one of the best opportunities to substantially improve energy efficiency of residen-
tial buildings on the large scale in the EU. WP4 will focus on the efficient use of existing best
practice technologies highlighted in WP1.

The optimised solutions from WP1 will be reviewed from the points of view of: (i) technologi-
cal applicability in EE, (ii) compatibility with other, non-energy focused retrofit needs of concrete
residential buildings (e.g. architecture, envelope, accessibility etc.) and (iii) economic feasibility
in EE markets. Therefore, the solutions will be analysed in a broader perspectives, by integrating
all the complex aspects of a building retrofit intervention. There is a broad array of accessible
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and cost-effective technologies and know-how to reduce energy losses during the operation of
buildings; but quite often energy efficiency requirements are not the only focus of retrofitting.

3.2 Tasks, Milestones and Deliverables
Task 2-1. Building typologies (Responsible PUT)
PUT will identify the most used concrete building typologies, with focus on their weaknesses
(e.g. thermal comfort, ventilation, internal space, accessibility, etc.). PUT will realize the
detailed analysis of the five most used building configurations.

Task 2-2 Design in Romania (Responsible PUT)
PUT will study past design requirements in Romania to identify the shortcomings that were
designed in large number of buildings; number of buildings erected using these deficient
codes. PUT will relate the performance of the five configurations identified in Task 2-1 to
the codes used (Were codes applied correctly? What systematic problems their application
created?). VTT will assess results from PUT and relate them to similar problems identified
in Finland.

Task 2-3. Renovation experience in Finland (Responsible VTT)
VTT will summarise the Finnish experience in maintaining and retrofitting the prefabricated
concrete building stock (e.g. phases of erection, technologies used, energy requirement im-
provements during the years, other improvements and solutions - improve accessibility,
over-roofing, ventilation, architecture, etc.). The existing results of research project com-
pleted at VTT will be used also in this stage. VTT will deliver the result of this task as a re-
port to PUT.

Task 2-4. Technology overview (Responsible PUT)
PUT (based on WP1 and Task 2-3) will summarize the most commonly used renovation
techniques and will identify the most suitable for selected buildings to be analysed. Did the
renovation carried out answer properly today’s needs in terms of raw materials consump-
tion, emissions and energy efficiency? PUT VTT will study the possible use of future tech-
nologies in context of replacing the present ones and prepare the data for WP3.

Deliverable 2-1: Worksop for problem identification and search of suitable refurbish-
ment proposals – Responsible PUT

Task 2-5. Retrofit market in Romania and Eastern European countries (Responsible PUT)
PUT will study the retrofit market in Romania. Focus on key players, financial instruments,
and major bottlenecks in the financing process. Can they be corrected by legislative
measures? Who has to act? VTT will extend the statistical review to other Eastern European
countries. (This task relates the analysis to results of WP3).

Task 2-6. Business models (Responsible VTT)
VTT will propose business models to facilitate the retrofitting. VTT will present 4-5 options
of financing models for an intervention (e.g. owner financed, added value cover the price of
the retrofit, loans, state subsidies, local authority subsidies, energy bonus systems). PUT
will analyse and refine the models. Why are they not working now? Can policy intervention
change the balance (e.g. taxing, subsidy, state guaranty on loan, etc.)?

Deliverable 2-2: Report on the market situation and business opportunities in refur-
bishment – Responsible VTT

Task 2-7. Implementation of technology (Responsible VTT)
Analyse and adapt selected retrofit technologies to a number of two examples from the five
defined in Task 2-1. Propose 3 retrofit alternatives for each configuration. One example
worked out by VTT and improved/completed by PUT; the other worked by PUT and re-
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viewed by VTT. Focus on the full picture, not only one aspect of the problem. E.g. is this
building market worthy? What is its value? What are the main deficiencies driving the price
down? Are they related to the building itself (e.g. internal space inefficient, look, accessibil-
ity, low energy performance, etc.), or to the area (e.g. no school, no roads, bad connection to
public transport, criminality, etc.), or are global (e.g. high unemployment in the whole coun-
ty, etc.).

Task 2-8. Detailed analysis (Responsible PUT)
Select one retrofit proposal for each example case, and analyse in detail the impact (finan-
cial, added value, energy, CO2 etc.). Work out the technical details:

- reorganising internal space affect the safety of structure;
- adding balconies affect the structure;
- over-cladding;
- over-roofing affects the structure & the envelope;
- elevators affect the structure & add accessibility;
- some thermal improvements affect ventilation, ventilation improvements affect heating

& cooling needs;
- can larger impact be achieved by a neighbourhood scale intervention?

Deliverable 2-3: Seminar presenting the results for selected actors in the refurbishment
business – Responsible PUT

3.3 Structure of WP2
The chart below presents the structure of WP2 and its relationship with WP’s of INSPIRE.

WP2
Sustainable renovation in Eastern and Northern Europe, case studies

Deliverable 2.3
Seminar

Deliverable 2.2
Report

Deliverable 2.1
Workshop

Task 2.1
Building typologies

(UniTi)

Task 2.4
Technology overview

(80% UniTi, 20% VTT)

Task 2.7
Technology

implementation
(50% UniTi, 50% VTT)

Task 2.8
Detailed analysis

(50% UniTi, 50% VTT)

Task 2.2
Design

in Romania
(80% UniTi,  20% VTT)

Task 2.3
Renovation in Finland

(VTT)

Task 2.5
Retrofit market

in Romania
(70% UniTi, 30% VTT)

Task 2.6
Business models

(30% UniTi, 70% VTT)
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3.4 Implementation and management
The close cooperation of VTT and PUT in WP2 calls for an implementation and manage-
ment plan clarifying the responsibilities of each partner, and structures within the WP for ef-
ficient decision making.

On the other hand, due to its complexity the WP requires a clear coordination, within the
two organizations, of the teams carrying out the Tasks. In order to respond to these two re-
quirements the below management structure is used within WP2.

Coordinator RESPIRE
Coordination VTT Coordinator PUT

Project member VTT1
Project member VTT2

.

.
Project member VTTx

Project member PUT1
Project member PUT2

.

.
Project member PUTx

Administrative coordination in INSPIRE

Research decisions within RESPIRE

Research coordination in INSPIRE

Other partners & WP’s

The Coordinator of WP2 (VTT) is responsible for administrative management of WP2,
and official communication to and from the project manager of INSPIRE. VTT is also re-
sponsible to make sure that deliverables of WP2 are provided on schedule.

In research questions, the Coordinator from VTT and the Coordinator from PUT have
equal standing in communicating with other partners and the coordinator of INSPIRE.

The Coordinator for VTT is responsible for detailing the work requirements for Team
members in VTT, for overseeing progress in VTT tasks, and to produce the documents con-
taining results of those tasks (see Task descriptions).

The Coordinator for PUT is responsible for detailing the work requirements for Team
members in PUT, for overseeing progress in PUT tasks, to produce the documents contain-
ing results of those tasks (see Task descriptions).

Within WP2, the detailed content of work in each task will be defined by the Coordinator
from VTT and PUT together. Research decisions, based on the progress of work, will be
taken by agreement. If no agreement can be reached, the Research Coordinator of INSPIRE
will take the decision.

The Coordinator for VTT is Senior researcher scientist Ludovic Fulop, and the coordina-
tor for PUT is Professor Viorel Ungureanu.

3.5 Beneficiaries, exploitation of results and impact
Industrial partners:

- Finnish industry with export potential;
- Eastern European construction companies active in renovation;
- Authorities, both government and local in Romania;
- EU authorities and policy makers.

The results are best used in Deliverable 2-3: where they may be integrated in training mate-
rial used for energy auditing experts. This assures large scale and long term diffusion of the
result of the project.

Research decisions in WP2
Coordinator WP2



1 INTRODUCTION 

1.1 Background statistics 

Prefabricated buildings are an important share of the building stock in East Europe. Renovation 
or replacement of these buildings is a huge undertaking considering that, about 508 thousand 
apartments are in panel buildings in Hungary and 1/5-1/7 of the population lives in them [Kecs-
kés, Dénes 2000]; or, between 1959 and 1995 1,2 million panel apartments were built in Czech-
oslovakia hosting today 1/3rd of the population [Krajčovičová et al., 2010]. The numbers are al-
so larger in Commonwealth of Independent States countries where systematic renovation 
programs are starting e.g. in Saint-Petersburg1. 

Magnitudes are similar in Romania where 6.237.692 inhabitants, 56% in urban population, 
lived in 89 thousand collective buildings[INNSE 2003]. This is a total of 2.418.460 households 
of this type, and from the 89 thousand collective buildings about 57 thousand were made of 
large prefabricated concrete panels. 

These building are fast approaching their design service life of 50 years, and extending the 
service life, both in technical terms and from the point of view of market worthiness, is a huge 
challenge. Additionally, improving the energy efficiency is a necessity given the energy effi-
ciency targets of the Europe 2020 goals2. 

1.2 Grounds for the project 

Besides East Europe (EE), a large number of prefabricated panel buildings exist in some Nordic 
countries, for example in Finland. While in the EE countries the technology was more or less 

                                                      
1 http://spbren.ru/eng/Projects/5/34956.html 
2 http://ec.europa.eu/europe2020/targets/eu-targets/  
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ABSTRACT: In this introductory paper the intention is to give a glimpse on the building reno-
vation framework in some East European countries. Firstly we highlight the volume of the ren-
ovation needs that are expected in the coming years; especially in relation to the panel building 
stock. Obviously the total need will not be matched by executed renovation works due to the 
lack of funding and administrative retarding factors. But some business opportunities do exist in 
the renovation sector, and are foreseen to grow in coming years. Secondly we reflect on the 
wishes and desired of the occupants of the properties. What kind of renovations they wish to see 
implemented? How much the existing top-down actions and financial instruments are respond-
ing to their needs? As preliminary conclusion it is suggested that a closer cooperation between 
City Authority and Owner Associations, in order to implement broader scope renovation 
measures would respond better to the desires of the occupants. Also, energy renovations alone 
have limited appeal to end user, and co-benefits should be always emphasized. 
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compromised by the low quality buildings erected before 1989, Finland is an example proving 
that most problems of the typology are not inherent. They are simply the result of low quality 
targets. In fact concrete panel buildings are the choice for new builds in urban districts of Fin-
land even today (see Fig.1). 
 

 
Figure 1. Ongoing construction using prefabricated concrete panels in Espoo, Finland (2010). 
 

There are differences between the trends of building with panels in Finland and East Europe. 
For instance, in Finland the building typologies were always more diversified. In most EE coun-
tries and certainly in Romania, due to the strong central planning of the socialist regimes a few 
typologies were built all over the countries with few modifications. This tendency obviously 
means that errors or inherent weaknesses were multiplied in very large number of buildings. 

In EE countries a large number of buildings were built in a short period, again due to the 
forced drive of central planning. This gave no time for the designers to learn from past mistakes 
and gradually improve the building configurations. Much more of that gradual improving with 
time can be observed in Finland. 

And finally, the buildings in Finland were planned with higher quality expectations from the 
start, even if the low quality of prefabricated buildings from 1960-1970’s is notorious. Also, a 
decently functioning administrative framework was there to support the maintenance and refur-
bishment of the buildings. Contrary, the change of political system in 1990 in East Europe, and 
the following hesitations in the early 1990’s, left an administrative gap with the consequence of 
the buildings and neighborhoods being neglected for several years. 

In this context, the targets of our project were to initiate a knowledge exchange between Fin-
land and some EE countries in order to understand if Finnish know-how could be employed to 
support underway and upcoming renovation tasks of the panel building stock. Obviously, if the 
answer would be yes, than Finnish administrative and company know-how could be utilized in 
the process. So we set up a project to understand both the economic and technological settings. 
The main questions were: 
 What is the market environment for renovation in EE countries? What administrative 

and legislative background is governing these activities? 
 What main drawback the buildings have from architectural, building physics and struc-

tural safety perspectives? 
 How much of the renovation experience from Finland could be adapted in EE countries, 

and what adjustments are needed? 
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 Could we formulate proposals for potentially successful administrative models in these 
market environments, based on the knowledge acquired in the project and the 
knowledge of the Finnish experiences? 

In this introductory paper, we highlight two important aspects of the renovation environment in 
Romania, and to certain extent Poland and the Czech Republic. The first is that of market poten-
tial in terms of realized and upcoming renovations. The second is some ideas on self-defined 
renovation needs of the occupants. 

2 DRIVERS FOR RENOVATION AND MARKET POTENTIAL 

2.1 Energy targets 

As response to climate change the European Council reconfirmed the EU objective of reducing 
greenhouse gas emissions by 80–95% by 2050 compared to 1990 levels. Hence, the energy con-
sumption of new and existing buildings has to be reduced as buildings account for 40% of Eu-
rope’s energy consumption. But annually only about 1.2% of the buildings are renovated and 
about 0.1% demolished. Even if the 1.2% would be renovated to the highest standards of energy 
efficiency, renovation alone would deliver almost no reductions in energy use from the built en-
vironment3. 

In order to support energy renovation, most governments in Europe are running some sort of 
renovation subsidy program. In this general context we reviewed the potential for renovation in 
the period up to 2030 in the Czech Republic, Poland and Romania. 

2.2 Overview of the markets 

Population and dwelling stock are the biggest in Poland, then Romania, Czech Republic and 
Finland. The level of GDP per capita has been lower in Eastern Europe than in Finland, but the 
difference in the level of the housing stocks per capita is not so wide. However, the quality of 
older dwellings is rather poor in Eastern Europe. 

Construction markets in European countries have varied much during last years and future 
forecasts are also changing. Statistics about new construction are more commonly available than 
about the renovation sector. The important inputs for understanding the market trends are gen-
eral statistics (e.g. number of inhabitants, cities, economic structure) and building stock statis-
tics, dwelling stock per capita etc.) Dwelling stocks by decades were compared in terms of 
quantity, size and types.  

When it comes to renovation business, renovation needs are often higher than number of ren-
ovation implemented. This kind of discrepancy is illustrated by the fact that annual value of 
housing renovation in Poland and Czech Republic is a little less than 10% of that in Finland. In 
Romania the budget for housing renovation is only 4% of the Finnish value, while needs are 
much higher (Riihimäki et al., 2012). The highest value of housing renovation market is in Po-
land, nearly 3 billion Euros (see Table 1).  

 
Table 1. Value of residential renovation in the Czech Republic, Poland, Romania and Finland4 _______________________________________________________________________________________________________ 

         2006    2011    average         2011 
         € mill.   € mill.   growth (%/a)   €/capita    €/dwelling _______________________________________________________________________________________________________ 
Czech Republic    990    1160    3.2 %     110     272 
Poland       2650    2950    2.2%      78      216 
Romania      680    890    5.5%      40      106 
Finland       4650    5650    4%      1047     1995 _____________________________________________________________________________________________________ 

 
As the building stock ages, more extensive renovations of structures and building services are 

required. Renovations will increase in the future as result of the ageing of the building stock, 
due to efforts to improve the quality of dwellings and because of the need to repair various 

                                                      
3 http://www.renovate-europe.eu/how-can-we-reduce-energy-demand-in-europe 
4 Riihimäki M., et al., 2012 (Sources, Euroconstruct 2011 and Buildecon: Romania construction mar-

ket report) 
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damages. Extensive renovations are generally a long and burdensome process for occupants and 
housing corporations. Several renovations may be needed in a block of flats at the same time, 
which constitute a lasting financial burden.   

According to Directive 2010/31/EU of the European Parliament and of the Council of 19 
May 2010 on the energy performance of buildings (recast)5 “major renovation” is defined as 
renovation of a building where:  

(a) the total cost of the renovation relating to the building envelope or the  technical building 
systems is higher than 25% of the value of the building, excluding the value of the land upon 
which the building is situated;  

(b) or more than 25% of the surface of the building envelope undergoes renovation.  

2.3 Renovation needs forecast 

Riihimäki et al. (2012) modeled the timing of extensive facade renovations of panel buildings 
blocks using the so-called renovation-need model. Since no sufficient statistical data was avail-
able on the different façade types and renovation measures undertaken in the past, the renova-
tion-need function based on total values has been used in calculation. Furthermore, the known 
programs to accelerate renovation (e.g. the PANEL program in the Czech Republic) have been 
taken into account. In the calculations about 50% of the facades would have been renovated at 
50–60 years. Renovation (need) occurs primarily at 35–75 years of age, and forecasts are pre-
sented in Figure 2. 

 

a)  
 

b)  

                                                      
5 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF  
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c)  
 
Figure 2. Renovation need of façades in block of flats in dwellings by year (Source:, Riihimäki M., et al, 
VTT 2012). 
 

Both in Romania and in Poland large part of the renovation need is upcoming (Figure 2). For 
Romania, many blocks were built in the 1970’s and 80’s, thus the multi-story residential build-
ing stock is quite young. The moderate renovation need, forecasted by the model for the present 
time may be attributed to (1) the overestimation of the quality of the initial facades (2) the un-
derestimation of the effect of lack of maintenance from 1990. Even with these moderate esti-
mates, about 30,000 flats are in need of renovation and the need will grow strongly in the com-
ing years. A more pessimistic estimate is that about 80% of the dwellings would come to the 
end of their life time within 20 years unless serious measures are taken [UN, 2001]. 

Furthermore, the façade renovation needs are also brought forward in time by the implemen-
tation of the energy reduction targets.  

 
Table 2. Average growth rate of renovation needs in countries. (Source: Riihimäki M., et al., VTT 2012) _______________________________________________________________________________________________________ 

          2006-2010  2011-2015   2016-2020  2021-2025   2026-2030 
          % / a    % / a    % / a    % / a    % / a _______________________________________________________________________________________________________ 
Czech Republic     6     3     1     -1     -3 
Poland        3     3     2      2      2 
Romania       8     7     6      5      3 _____________________________________________________________________________________________________ 

3 THE NEEDS OF THE OCCUPANT 

As it has been highlighted, energy reduction targets are important drivers of renovation of the 
building stock. Also, most energy focused renovation programs in Europe are top down. The 
Europe 2020 goals are divided into national targets6, which become drivers of national legisla-
tion. We wanted to understand how top-down initiatives are echoing with the needs of the occu-
pants of prefabricated blocks in Romania.  Hence a survey was initiated to better understand the 
needs of the occupants. 

3.1 Implementation and methodology 

The survey was implemented in the multi-criteria decision making (MCDM) setting. A slightly 
modified version of VTT-ProP7 hierarchy was the basis of the MCDM model used. The key fo-
cus areas were “Conformity”, “Performance” and “Cost”. Each key focus area was divided fur-
ther in decision criteria of lower levels.  

Conformity was subdivided in the following three criteria: vicinity, a property of the immedi-
ate neighborhood of the buildings; location, a property depending on the location of the build-

                                                      
6 http://ec.europa.eu/europe2020/pdf/targets_en.pdf  
7 Also implemented in EcoProp: http://cic.vtt.fi/ecoprop/ecoprop_web_site/Mainpage.html  
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ing within the fabric of the city and access to infrastructure and other services and spatial sys-
tem, a quality of the space distribution in the apartments, and how much it conforms with the 
wishes of the occupant. 

Performance was divided in five criteria: internal comfort, an indoor space quality affecting 
the wellbeing of the occupants, relating to  quality of the indoor air, access to natural light, pres-
ence of noise or vibrations; state of deterioration, a property of the building which reflects the 
attitude of the other owners and their expectations concerning quality of the living space;  
adaptability, a property of the apartment’s internal space to be adjustable to changing expecta-
tions; safety, a property of the building to counter external hazards and accessibility, a quality of 
the internal space itself, but also of the access routes to the apartment.  

Finally, costs were assembled from two criteria: price, the immediate cost needed to be paid 
for the apartment and maintenance cost, the long term cost of owning the property. 

The 1000Minds8 decision-support software was used for prioritizing alternatives. The tool is 
using “potentially all pairwise rankings of all possible alternatives” or PAPRIKA for calculating 
weights on the criteria. Point values represent the relative importance of the criteria or attributes 
to decision-makers. Since most of the criteria listed above can only be interpreted in context of 
each responder’s life situation, we used three generic levels for each criterion: 

- level describing a scenario above the basic expectation of the occupant; 
- level just fulfilling the expectation of the occupant; 
- level below expectation of the occupant (a compromise on the criteria). 

3.2 Results 

Data collection is continuing online (http://virtual.vtt.fi/virtual/respire/survey.html). From the 
current responses (20+) a few general conclusions are clear. 

The most consistent response set is obtained concerning the importance of internal comfort, 
responders agreeing on the importance of this criterion; while most varying responses we ob-
tained for accessibility and adaptability. On safety and spatial system the responder’s basic ex-
pectations are set, and are not willing to go below expectation choices. They are most flexible in 
their opinion about maintenance cost, price and location, accepting to upgrade these criteria for 
better alternatives.  

On average the responses emphasize on qualities to be improved by the city authority, safety, 
neighborhood and location., adding up to 31% of the priorities of the responders (Figure 3). A 
second set of interesting qualities can be improved by the home owner association (HOA) with 
moderate effort: indoor quality, state of deterioration, part of safety and reducing the mainte-
nance cost. These represent together about 35% of the priorities. 

 
Figure 3. The responsible administrative level for carrying out improvements desired by occupants. 

                                                      
8 http://www.1000minds.com/  
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It is worth noting that only indoor quality and maintenance cost may be improved by renovation 
undertaken by a single apartment owner, emphasizing that HOA’s do need to act together to re-
spond to expectations of their members. The renovation measures by individual owners should 
only by viewed for what they are, solutions of desperation. 

A third set of qualities are also within the reach of the HOA (28%), but with substantially 
more effort and expense. These are deep-renovations targeting aspects of social sustainability of 
the building stock spatial system, adaptability and accessibility. Spatial system is a strong driver 
of choice, also linked with adaptability of the internal spaces. On the other hand, accessibility 
should be a wider societal concern, given the aging population in Romania. 
Five hypothetical apartments were used to understand the choices of the responders in real-life 
scenarios. The apartments were: (1) new built in good location, (2) medium location but in good 
state, (3) new built in bad location, (4) average location with renovation needs, and (5) very 
good location and very good state. Conformity, performance and cost qualities have been ad-
justed accordingly to the five choices. With very good agreement (Kendall’s coefficient 0.897) 
responders agree that: 

- their first choice is a new development in good location, despite of higher price (78%); 
- their second choice is also new development, even in a bad location and despite the higher 

price (57%); 
- their third choice is an average location apartment in good shape (65%). 

An existing apartment in an average location which needs renovation was not desired despite 
the lower price, and an excellent location old apartment was not desired because of the inherent 
compromises on performance parameters and higher price (Table 3). It can be concluded, that 
occupant’s expectations on conformity and performance is not any more fulfilled by existing 
apartments, and they are willing to pay for upgrade to new-build. This trend means that sustain-
ability of the existing stock can be considered to be already in question. 

 
Table 3. Choices of responders from the 5 offered apartments  _______________________________________________________________________________________________________ 

              Conformity  Performance Cost    1st  2nd  3rd  _______________________________________________________________________________________________________ 
New development. Good location.    Above  Above   Above   78% 23% 0% 
New development. Bad location.    Average  Above   Above   9% 57% 22% 
Good state. Average location.     Average  Average   Average   13% 22% 65% 
Needs renovation. Average location.   Average  Below   Below   0% 0% 9% 
Good state. Excellent location.     Above  Average   Above   0% 0% 4% _____________________________________________________________________________________________________ 

4 CONCLUSIONS 

Some trends can be anticipated from the review presented. Many of them are revisited in more 
detail in the dedicated papers later in the book, so we only state a few preliminary ideas to give 
a framework of thought for the reader. 

Firstly, it looks that renovation needs are building up now, or are expected to build up in the 
immediate future, in most East European countries. The question is not of market needs, but of 
possibilities of financing. Compared to even Finnish renovation markets, the available resources 
in East European countries are limited. 

Secondly, the top-down programs, implemented based strictly on the drive for more energy 
efficiency, are (partly) missing the target. They are too narrowly formulated, and expectably re-
sult almost exclusively in basic quality façade interventions. But this is not tackling most of the 
renovation needs of the building for achieving longer term sustainability. It is also not attracting 
enough interests of the occupant to encourage active interest in co-financing the renovation pro-
grams. Social sustainability goals like accessibility, adaptability are also missed, since they 
would come to the discussion only if deep-renovation measures are considered. The top down-
programs would need broader scope, even if we focus on the renovation of a single building 
unit. 

Thirdly, the strengthening of the role of home owner associations, and work together with 
city authorities and local businesses [Aaltonen, 2012], on mutually supporting targets is the real 
key to starting transforming these neighborhoods in sustainable communities [Nielsen, 2012]. 
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Top-down programs of the governments should target to facilitate such common work, includ-
ing the study of the why stakeholders are unable to achieve coordinated action at present. There 
is also a potential for proactive role of local construction renovation companies and company 
associations. They have the technical knowhow on renovation and local market conditions. But, 
they also have considerable lobby power with the local authority, an important argument in fa-
vor of renovation programs by the cities being the creation of local workplaces [Nielsen, 2012]. 
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1 INTRODUCTION 

Given the large stock of apartment buildings presently found within the urban tissue of the city 
of Timisoara, as well as within other important cities throughout Romania, the issues regarding 
the organization and administration of neighborhoods consisting of such buildings have become 
more and more important to specialists in the field.  

Built between four different periods of time (Radoslav et al., 2010), these apparently similar 
neighborhoods are in fact very different, especially from the point of view of the quality of life 
that they provide for their inhabitants. Although many factors contribute to the overall definition 
of this element, perhaps the most important ones refer to the physical organization of the neigh-
borhood, the housing units’ density and the public facilities existing on site, the indoor comfort 
of the apartments, as well as the general aspect of the neighborhood and of the buildings them-
selves. 

During the past few years, efforts have been made to increase the energy efficiency of the 
apartment buildings, through a number of measures and initiatives regarding the thermal refur-
bishment of these buildings (Brata et al., 2012). These operations are almost always associated 
with the transformation of the attic into one or more loft-type apartments, which automatically 
leads to an increase in the housing units’ density, with approximately 20%. This phenomenon is 
particularly important from the urban planners’ point of view, since the density is an essential 
factor in the distribution of public facilities throughout the city, thus majorly influencing the 
overall quality of life within the communities. 

Given the multitude of typologies that can be found within the apartment buildings neighbor-
hoods within the city of Timisoara, as well as throughout the country, we should create strate-
gies in accordance to each neighborhood’s needs, instead of applying a single model for all the 
situations. The study thus concentrates on finding specific strategies for each type of collective 
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housing neighborhood, in accordance to its own realities and needs, in order to solve the social-
economical inequities, often present within the communities.  

2 THEORETICAL CONSIDERATIONS  

The National Program for Thermal Refurbishment was initiated in Romania a few years ago, by 
the Ministry of Development, Public Works and Buildings, in order to increase the energetic 
performance of residential buildings (Brata et al., 2012). This program represents a very useful 
initiative that targets the reduction of energy consumption needed in order to ensure the indoor 
comfort, as well as the reduction of gas emissions. The program is based on a set of European 
Directives and recommendations, as well as on a handful of Romanian laws and norms. Howev-
er, given the pace in which the energy efficient refurbishment program develops in Romania, we 
can estimate that it will take at least 100 more years in order to achieve the thermal renovation 
of all the apartment buildings in the country.  

We strongly argue that, in order to be effective, this program must be approached in a holistic 
manner, which should eventually lead to a balanced development, from the point of view of the 
following issues: the social issue, the economic issue, as well as the ecologic issue. This idea 
can also be found at C. Butters (Butters, 2004), who states that sustainable development cannot 
be achieved without gradually improving all of the following aspects, at the same time: the so-
cial one, which aims towards social diversity, accessibility, identity, security, variety, involve-
ment and sociability; the economical one, which can be achieved by cutting revenue expendi-
ture, improving functions, diversifying activities and adjacent financial structures, services and 
communications, by management and flexibility; the ecologic one, through a more harmonious 
use of land, through biodiversity and bio-climate, by producing non-pollutant energy, re-
naturalising the water cycle, recycling, adequate accessibility and by improved overall health.  

But the most delicate of them all are the social problems, which can sometimes become very 
complicated. The subject of social exclusion is currently one of the most important concerns at 
the European level; together with extreme poverty, the absence of current facilities (such as 
public transportation, schools, kindergartens, sports grounds, green areas, commercial areas, 
parking places, etc.) can transform a neighborhood into an isolated area within the limits of the 
city (Fig. 1). Solving the problems regarding social exclusions, structural changes, the ageing of 
population, climate changes and mobility is the main theme of 2007 Leipzig Charter, a Europe-
an document which hopes to lead to economic prosperity, social balance and a healthy environ-
ment. In this document, the prosperity mentioned above depends on an increased attention paid 
to ”the underprivileged neighbourhoods, in the context of a city as a whole” (Leipzig Charter, 
2007). According to this Charter, we should thus take into consideration these problematic areas 
of the city when establishing the global strategies for its development, directing the investments 
towards them. 

 

 
 
Figure 1. Timisoara – some of the most under-developed areas of the city. 

From the urban planners’ point of view, the process of thermal refurbishment, usually associ-
ated in Timisoara with the transformation of the attic into one or more loft-type apartments, is 
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important due to its consequences, namely the way in which it interferes with some urban stand-
ards, such as the housing units’ density. Indeed, only a reasonable density, namely 25-30 
units/ha for individual housing units (Radoslav et al., 2009) and approximately 60 units/ha for 
collective housing units, can sustain the public facilities mentioned above (such as public trans-
portation, schools, kindergartens, sports grounds, green areas, commercial areas, parking places, 
etc.). However, in Timisoara we can also find areas in which the housing units’ densities are 
higher than the acceptable limit (over 100-150 housing units/ha); it is here where we should op-
erate with more attention, since the high densities could contribute to severe social problems. 

Further on, the study concentrates on the analysis of the situation currently existing within the 
city of Timisoara, regarding the collective housing neighborhoods and their particular features, 
such as the public facilities provided, in relation to the housing units’ densities and the on-going 
process of thermal refurbishment. 

3 COLLECTIVE HOUSING NEIGHBORHOODS IN TIMISOARA – CASE STUDY 

The city of Timisoara has a total area of 13,003.87 ha, out of which 6870.21 ha compose the 
built-up area, and a population of 334,089 inhabitants (including 16,438 commuters, of which 
the majority are students), according to the 2002 census. In the residential area, which extends 
on 2643.74 ha – approximately 53.15% of the built-up area, the average housing units’ density 
is of 367.70 housing units/1000 inhabitants, with approximately 126.37 inhabitants/ha. From the 
total of 122,195 housing units currently existing within the limits of the city, approximately 
52,000 housing units are placed in apartment buildings.  

The collective housing neighbourhoods were built in Timisoara during four different periods 
of time (Fig. 2), each characterized by specific features, regarding the disposal of the apartment 
buildings within the neighborhood, the housing units’ density and the facilities provided for 
each area (in relation to the existing density), the surface and the organization of the apartments, 
as well as the general aspect of the buildings themselves. 

The first period, developed between 1962-1975, produced neighborhoods with a low housing 
units’ density, within which the apartment buildings were placed at a distance of approximately 
60 m between each other, thus offering a convenient intimacy degree to their inhabitants. Alt-
hough the apartments’ surface was usually reduced to a minimum, the neighborhood itself of-
fered all the needed facilities, such as schools, kindergartens, sports grounds, commercial areas, 
etc. In Timisoara, the most representative neighborhoods built during this period of time are the 
Tipografilor and Calea Lugojului Neighborhood, with a total of 4.500 apartments and 15.700 
inhabitants, as well as the Circumvalațiunii Neighborhood, with 11.400 apartments and 29.900 
inhabitants (Opris, 1987). 

The second period, developed between 1975-1982, is by far the worst period of them all, 
characterized by the forced densification of the urban tissue. The neighborhoods erected during 
these years are characterized by very high housing units’ densities, with apartment buildings 
placed at a distance as reduced as 15 m between each other. The apartments themselves main-
tain a low surface, while the public facilities disappear almost entirely from the neighborhoods. 
The only exception is the commerce, which flourishes at the ground floors of the apartment 
buildings situated alongside the main arteries of the city (during this period, the concept of 
‘commercial street’ was reintroduced). Unfortunately, most of Timisoara’s collective housing 
neighborhoods were built within these years, due to the pressures placed upon the city, in the 
context of the forced industrialization process, which led to an accelerated increase of the popu-
lation. Thus, during this period of time, the following neighborhoods were erected: the Calea 
Șagului and Dâmbovița Neighborhoods (partially built between 1962-1975), with 12.582 
apartments and 44.000 inhabitants, the Stadion, Spitalul Județean and Timișoara Sud Neighbor-
hoods, with 5.917 apartments and 20.700 inhabitants, the Sportivilor and Negoiul Neighbor-
hoods, with 3.132 apartments and 10.900 inhabitants, the Calea Girocului Neighborhood, with 
4.540 apartments and 15.900 inhabitants, as well as the Plavat Neighborhood, with 4.473 
apartments and 14.700 inhabitants (Opris, 1987). 

The third period, developed between 1982-1989, witnessed an improvement of the situation – 
the housing units’ densities were lowered once again, while the apartment buildings were placed 
at favorable distances between each other, around partially open interior courtyards. The apart-
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ments’ surface increased significantly during these years, while the neighborhoods themselves 
were provided with public facilities. However, since many of these developments were still un-
der construction at the time of the December 1989 Revolution, some of these facilities were 
never finalized and the terrain dedicated to them remained up until recent years un-built. But 
under the pressure of contemporary realities, these lots are gradually occupied with new apart-
ment buildings, which contribute to the increase of the existing housing units’ density, and thus 
to the deterioration of the overall life quality. Some of the most representative neighborhoods 
built during the 1982-1989 period within the city of Timisoara, are the Calea Torontalului, Ara-
dului, Lipovei and Matei Basarab Neighborhoods (partially built between 1975-1982), with 
11.525 apartments and 40.300 inhabitants, as well as the Ion Ionescu de la Brad Neighborhood, 
with 2.404 apartments and 8.500 inhabitants (Opris, 1987). 

Finally, after more than ten years during which the development process stagnated, the year 
2000 marked the beginning of a new stage regarding the collective housing developments. 
However, the overall quality of the new insertions is, unfortunately and in most cases, very low.  

 

 
 
Figure 2. Timisoara – the distribution of collective housing neighborhoods within the city, in accordance 
to the four different periods during which they developed.  
 
 Locally, the first measure towards the improvement of the energetic performance of residen-
tial buildings, implemented in Timisoara in 2004, consisted on encouraging people to replace 
the terraced roofs of their buildings with attics, in exchange to lower taxes. Another measure, al-
so implemented in 2004, was to reduce taxes for those who replaced the old windows of their 
building, which were completely inefficient from the point of view of thermal insulation. People 
were extremely responsive to these proposals and, as a result, they started the refurbishment of 
their buildings almost immediately. One of the neighborhoods in which the effect of these 
measures is clearly visible is the Soarelui Neighborhood (see Fig. 3), where almost all the 
apartment buildings currently benefit from attics instead of terraced roofs. This leads to an in-
creased indoor comfort within the apartments from this area of the city, both during the winter 
months (when the heat loss is significantly diminished), as well as during summer. 
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Figure 3. The Soarelui Neighborhood, Timisoara – where we can see clearly the effect of the first meas-
ure mentioned previously – almost all the apartment buildings in the area have attics instead of terraced 
roofs, which leads to an increased indoor comfort.  

 
 Presently, the European funds destined to the thermal refurbishment of apartment buildings 
are being directed towards the buildings situated alongside the main traffic arteries of the city. 
Although this approach will certainly improve the overall aspect of the city, our proposal is to 
identify the most under-developed neighborhoods in Timisoara and direct the investments to-
wards these areas, in accordance to the principles of the Leipzig Charter; otherwise, these areas 
will shortly become neighborhoods with huge social exclusion problems. 
 

 
 
Figure 4. Timisoara – apartment buildings recently refurbished within the Dambovita Neighborhood and 
the Soarelui Neighborhood.  
 
 Further on, our study concentrates on the analysis of some of the most representative apart-
ment buildings neighborhoods in our city, regarding the relation between the housing units’ 
density and the existing facilities. 

3.1 Circumvalatiunii 1 Neighborhood 

The first urban entity analyzed by this paper is the Circumvalatiunii 1 Neighborhood (see Fig. 
5), which is one of the earliest interventions of this type within the urban tissue of Timisoara. 
Situated in the north-western part of the city, this neighborhood was built between 1962-1975, 
thus being characterized by a low housing units’ density, of approximately 50 units/ha. Within 
the neighborhood, the apartment buildings are placed at reasonable distances between each oth-
er, while the areas between them are arranged as green courtyards, with trees and sitting areas. 
The physical organization of the neighborhood contributes to an increase of the overall life 
quality within the community, both due to the high intimacy degree offered by the disposal of 
the apartment buildings, as well as because of the quality of the public space.  
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Figure 5. The Circumvalatiunii 1 Neighborhood, Timisoara 
 
 

 
 
Figure 6. The Circumvalatiunii 1 Neighborhood, Timisoara – green areas and elementary schools current-
ly existing within the area.  
 
 

Throughout the neighborhood, there are currently 2145 apartments, which are unfortunately 
provided with only 351 parking lots, one of the lowest ratios in the city. However, from the 
point of view of green areas (see Fig. 6), the neighborhood is quite covered, having access to 
green squares situated both on its territory, as well as in the vicinity. Also, an elementary school 
(Fig. 6) situated within the limits of the neighborhood improves the overall quality of the area, 
since it is easily accessible for all the children in the community and, thus, an active center with-
in the urban tissue. 

Due to the low housing units’ density currently existing on site, this neighborhood in particu-
lar can support an increase in the total number of apartments; however, if this were the case, ef-
forts should be made in order to increase the number of parking lots, a facility currently prob-
lematic within the neighborhood.  
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3.2 Calea Buziasului Neighborhood 

The second neighborhood on which our study concentrates is the Calea Buziasului Neighbor-
hood (see Fig. 7), that is situated in the south-eastern part of the city. It was built in the begin-
ning of the 1975-1982 period and it has a housing units’ density of approximately 155 units/ha. 
This density is twice as high as the acceptable limit, which leads to huge social problems within 
the neighborhood. In this area, the apartment buildings are situated at very low distances be-
tween each other, which contribute to a decrease of the intimacy degree and, thus, of the overall 
life quality. 

 
 

 
 
Figure 7. The Calea Buziasului Neighborhood, Timisoara.  

 
 

 
 
Figure 8. The Calea Buziasului Neighborhood, Timisoara – green areas and elementary schools currently 
existing within the area.  

 
Within the neighborhood, there are currently 2744 apartments, which are provided with a to-

tal of 848 parking lots. Unfortunately, although the housing units’ density is quite high for this 
neighborhood, no green area (see Fig. 8) can be found within its limits. Also, in this neighbor-
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hood, there are no elementary schools (see Fig. 8); however, in its vicinity, towards East, we 
find a local school that covers quite comfortably this area’s requirements. 

Due to the high housing units’ density, as well as because of the acute lack of public facilities 
within this neighborhood, we strongly argue that an increase of the total number of the apart-
ments should not be encouraged in this area. Should this be the case, the overall quality of life 
would decrease even more, which would automatically lead to the collapse of the neighborhood 
from the social point of view. Moreover, we believe that efforts should be made in order to in-
crease the quality and the number of public facilities, in order to improve the actual living con-
ditions within the neighborhood. 

3.3 Calea Girocului Neighborhood 

Further on, our study concentrates on the analysis of the Calea Girocului Neighborhood (see 
Fig. 9), which is situated in the southern part of the city. This area was built during the 1975-
1982 period and already encounters huge social problems, due to the fact that it has one of the 
highest housing units’ densities in Timisoara, namely approximately 250 units/ha. Within the 
neighborhood, the apartment buildings are situated very close to each other, while some of them 
are arranged around partially open interior courtyards, which, unlike the same structures pro-
duced during the 1982-1989 period, have reduced surfaces; the intimacy degree provided by the 
apartments in this area is thus very low, which contributes to a decrease of the overall life quali-
ty within the area.  
 
 

 
 
Figure 9. The Calea Girocului Neighborhood, Timisoara.  

 
 
In this neighborhood, 848 parking lots correspond to the total of 2160 apartments, currently 

existing on site. However, this neighborhood contains within its limits a green square (see Fig. 
10), which enhances the overall quality of life for its inhabitants. Also, on the two sides of the 
small park, there are two schools (see Fig. 10), which are accessible to all the children in the 
neighborhood.  
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Figure 10. The Calea Girocului Neighborhood, Timisoara – green areas and elementary schools currently 
existing within the area.  
 
 

Considering the incredible high housing units’ densities currently existing in this area, the in-
crease of the total number of the apartments should definitely be forbidden here. Otherwise, the 
neighborhood will become over-crowded and the social difficulties currently encountered with-
in the community will accentuate beyond acceptable limits. Also, efforts should be made in or-
der to increase the total number of parking lots, since this is the only public facility which does 
not satisfy the requirements of this community. 

3.4 Calea Torontalului Neighborhood  

 

 
 
Figure 11. The Calea Torontalului Neighborhood, Timisoara.  
 
 
Calea Torontalului Neighborhood (see Fig. 11), on which our study concentrates next, is situat-
ed in the northern part of Timisoara. It was built during the 1975-1982 period and has a housing 
units’ density of approx. 60 units/ha. The apartment buildings within this area are placed around 
partially opened courtyards, at reasonable distances between each other. However, along the 
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main boulevards, this arrangement does not apply; here, the apartment buildings form a contin-
uous front towards the street, while their ground floors accommodate commerce. 
 Within this area, the 3058 apartments currently existing on site are provided with a total of 
1918 parking lots. Although the density of the housing units is quite high in this area, unfortu-
nately no green areas (see Fig. 12) have been arranged here. The situation is similar when it 
comes to elementary schools (see Fig. 12) – no such facilities exist within the limits of the 
neighborhood; thus, the overall quality of life for the members of this community is essentially 
diminished. 

Taking into consideration the lack of public facilities within this neighborhood, as well as the 
relatively high housing units’ density encountered here, we strongly argue that the total number 
of the apartments currently existing in this area should not increase through future develop-
ments. Moreover, we believe that funds should be directed towards the improvement of the cur-
rent situation, because the lack of public facilities, such as green areas or schools, can lead to 
huge social problems within the community 

 

 
 
Figure 12. The Calea Torontalului Neighborhood, Timisoara – green areas and elementary schools cur-
rently existing within the area. 

3.5 Bucovina Neighborhood 

 

 
 
Figure 13. The Bucovina Neighborhood, Timisoara.  
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Further on, our study concentrates on Bucovina Neighborhood (see Fig. 13), which is situated in 
the vicinity of the Calea Torontalului Neighborhood, towards East. It was built towards the end 
of the 1975-1982 period, when the situation already started to improve; thus, it has a housing 
units’ density of approximately 70 units/ha. Within the neighborhood, the apartment buildings 
are situated at reasonable distances between each other, thus offering an improved intimacy de-
gree for the members of the community. 

Regarding the situation of the parking lots, there are 818 such units in this neighborhood that 
correspond to a total of 1730 apartments, which is one of the best ratios within the city. This 
neighborhood is privileged when it comes to green areas (see Fig. 14) – the small green square 
which is arranged on its territory plays quite an important part within the community, improving 
the overall quality of life. Unfortunately, although the housing units’ density of this neighbor-
hood is high enough to support a school, within the limits of this territorial unit there are no 
such facilities (see Fig. 14). 

 
 

 
 
Figure 14. The Bucovina Neighborhood, Timisoara – green areas and elementary schools currently exist-
ing within the area.  

 
 
Considering the low housing units’ density currently existing on site, we can state that this 

neighborhood in particular can support an increase of the total number of the apartments; how-
ever, if this were the case, efforts should be made in order to accommodate a school within the 
limits of this area, as well as to increase the total number of the parking lots, which are currently 
insufficient, in order to provide an increased quality of life for the members of this community. 

3.6 Dorobantilor Neighborhood 

The following neighborhood on which our study concentrates is the Dorobantilor Neighborhood 
(see Fig. 15), which is situated alongside the Bega Canal, on its northern shore. It has a density 
of approximately 70 housing units/ha, while the apartment buildings within the area are placed 
either around courtyards or alongside the main streets.  

Regarding the situation of the parking lots, within this neighborhood there are currently 1010 
such units, which correspond to a total of 2100 apartments. Although the apartment buildings 
area does not contain within its limits any square, in its vicinity, alongside the Bega Canal, there 
are several green areas (see Fig. 16). Also, in the vicinity of the apartment buildings area there 
are three schools (see Fig. 16); however, in order to reach these schools, children must cross 
some important traffic arteries, which complicates the situation, because the heavy traffic is a 
real threat for young children. 

Considering the low housing units’ density currently existing on site, an increase of the total 
number of the apartments is possible; however, should this be the case, efforts need to be made 
in order to improve the overall quality of public facilities within the community, especially re-
garding the accessibility of the elementary school. 
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Figure 15. The Dorobantilor Neighborhood, Timisoara.  

 
 

 
 
Figure 16. The Dorobantilor Neighborhood, Timisoara – green areas and elementary schools currently 
existing within the area.  

 

3.7 Soarelui Neighborhood  

The last neighborhood on which our study concentrates is the Soarelui Neighborhood (see Fig. 
17), which is situated in the southern part of the city, near the Calea Buziașului Neighborhood. 
It was built between 1982-1989 and thus has a density of 60-70 housing units/ha. The apartment 
buildings within this area are placed around courtyards, which have a relatively generous sur-
face, thus ensuring a high intimacy degree for the apartments themselves. 

From the point of view of green areas, the Soarelui Neighborhood is privileged, since it con-
tains, within its limits, two green squares (see Fig. 18), which improve significantly the life 
quality of its inhabitants. The neighborhood is also provided with an elementary school (see Fig. 
18), accessible to all the children in the area.  

Taking into consideration the low housing units’ density currently existing within this neigh-
borhood, as well as all the public facilities which improve the overall life quality for the mem-
bers of this community, we believe that this area can support an increase of the total number of 
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the apartments. However, this intervention does require attention in terms of establishing a fair 
relation between the total number of the apartments and the public facilities existing on site. 

 

 
 
Figure 17. The Soarelui Neighborhood, Timisoara. 

 
 

 
 
Figure 18. The Soarelui Neighborhood, Timisoara – green areas and elementary schools currently exist-
ing within the area.  

4 CONCLUSION 

Considering the results of the studies presented above, regarding the situation currently existing 
within the collective housing neighborhoods in Timisoara, we strongly argue that, in order to 
achieve the sustainable development of these areas, we should create strategies for each type of 
apartment buildings neighborhood within the city, instead of applying a single model for all the 
situations. Thus, we should identify the most under-developed neighborhoods in the city and 
first operate there. Then, we should decide which neighborhoods can support an increase in 
their housing units’ densities; there and only there should we allow the transformation of the at-
tics into building floors with apartments; otherwise, we risk suffocating the entire neighbor-
hood. 
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 For the neighborhoods with housing units’ densities higher than the acceptable limits, that al-
so lack public facilities, we should make efforts to decrease the density, through two possible 
operations. The first measure proposed refers to the transformation of the apartments situated at 
the ground floors of the buildings into commercial spaces/stores (Radoslav et al., 2005). The se-
cond operations counts on the intervention of the City Council, that should, in time, buy some 
of the 5.000-10.000 empty apartments currently existing in Timisoara; then, efforts should be 
made in order to group these apartments into strategically-placed blocks of flats within prob-
lematic neighborhoods; in the end, these buildings should be demolished, thus obtaining a lower 
density in the neighborhood, as well as the much needed terrain for the implementation of facili-
ties that are currently missing from the area.  
 In the end, we should make sure that the energy efficient refurbishment of apartment build-
ings throughout the country is conducted at the level of private initiative, through small and me-
dium-sized enterprises, instead of huge corporations; otherwise, the current policies will 
strengthen the large companies in this domain, while suffocating the smaller ones. Also, it is 
important for the owners’ associations, that contribute with 30% of the investment value to the 
thermal refurbishment of their buildings, to be involved in the selection of the entrepreneurs; 
otherwise, the principle of subsidiarity (Toledo Declaration 2010), which states that, in order to 
achieve good governance, decisions that affect a certain level should be made at that level alone, 
is not respected. 
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1 THE BUILDING STOCK 

1.1 Romanian Building stock 

According to the Census of Population and Housing of 2011, Romania had about 19 million in-
habitants (INSSE, 2003). They were living in 8.5 million dwellings with 22.7 million rooms. 
52.8% of the population lives in urban areas, most of them in collective residential buildings. 
The total number of apartment buildings is around 84000 units, containing 2.5 million apart-
ments. According to the same census, over 71% of the existing urban housings were multi-
dwelling type, covering an about 66% from the total inhabitable area. From the total of 57431 
large panel prefabricated concrete buildings, the largest part was built during the period 1965-
1989, 41540 buildings having 5 storeys. 

The construction of this large number of precast collective dwellings was achieved during the 
heavy industrialization period between 1958 and 1978, when a large wave of population migrat-
ed from rural area towards the cities, doubling in this way the urban population and the number 
of cities grew from 187 to 237. In order to accommodate the large number of urban habitants 
new homes had to be erected in a short period of time and the solution using highly industrial-
ised building technologies with simple assembling on site was adopted (Niculescu, 1961). 

However, this phenomenon was a common feature of Eastern European cities in the 1970s 
and 1980s. In order to achieve large cost advantages in the construction of these apartment 
blocks, the national design institutes delivered standardized projects that were to be built in the 
cities. In Romania the prefabricated housing development used a series of standardized projects. 
The most popular ones were the low rise 5 storey (project type 770, project type 774, project 
type 994, project type 1013-1168; project type 1340; project type 1586; project type 2926; pro-
ject type 1399) and the 9 storey project type 772. 

Even by the late 1980s, sanitary conditions in most Eastern Bloc countries were generally far 
from adequate. For all countries with monitored data, 60% of dwellings had a density of greater 
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than one person per room between 1966 and 1975 (see Fig. 1). The average in western countries 
was about 0.5 persons per room. 
 

 
 

Figure 1. Statistical data regarding housing numbers and used areas. 
 

The prefabricated concrete residential buildings present major differences between typologies 
according to few basic criteria: 

- urban criteria: density (number of units/ha); related exterior facilities (schools, shopping 
centres, green spaces); number of storeys; accessibility (type of roads, parking areas, dis-
tance from these to the housing) (BIT 24/1967). 

- architectural criteria: surface (built square metres, inhabitable area, and usable area); built 
space, the facades, space configuration, access definition (BIT 8/1968; 7/1969;6/1970; 
4/1971); 

- energy consumption and CO2 emission: the differences between the finishing of prefabri-
cated panels and the difference in envelope stratification (panels) and the slab; 

- finishing criteria (thermal, waterproof and noise insulation) (Project Type 744; 770-78; 
1340); 

- engineering (differences in seismic conformation according to the time when the housing 
units were executed) (BIT 4/1969, BIT 11/1970). 

In the past years in many cases the owners of the apartments demolished the structural parti-
tion walls of the rooms to increase the living space (see Fig. 2). 
 

 
 

Figure 2. Dysfunctionalities in urban neighbourhoods (T744R blocks of flats). 
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Due to the fact that these buildings are over 30 years old, the finishing and thermal insulation 
materials are out-dated. The first necessity for interventions was recognized at national level in 
the period 2000-2005. At that time a set of revised documentation, regulations, laws and gov-
ernmental decisions have emerged but none refers to the possibility of creating openings in the 
structural walls in order to reconfigure the interior space, balconies enclosure or elevator shafts. 

In present conditions, the apartments of such buildings are privately owned, the buildings be-
ing in condominium type ownership. The buildings are in most of cases administrated by a 
Home Owner Association (HOA). 

1.2 Existing building stock in Timisoara 

As housing typology, the city of Timisoara has its urban space divided into ten inhabitable 
neighbourhoods (areas), with a total of 21.837 housings units of various kinds. The total number 
of individual buildings is of 15.039 units of single residence buildings and 3.159 units of two or 
more residences, with variable height (from 1 to 3 storeys). The collective dwellings (with 5 to 
11 storeys) accounted for a total of 3.639 units. From these 88% were made of precast concrete 
panels. The inhabitable fund includes 122.195 apartments, with a total area of 4.372.696 square 
meters and 277.944 inhabitable rooms. From all the apartments, 71.3% belong to collective 
dwellings, 28.7% belong to individual buildings, in which a number of 334.089 people live in 
115.421 households. 

The 1960s to 1990s generated a major densification of the housing areas through collective 
dwellings constructions. 

This evolution and densification of the city was accomplished through the construction of 
neighbourhoods both in undeveloped areas at that time, as well as through insertions in the built 
fund (see Fig. 3). 

 

 
 
Figure 3. Stages of densification for residential buildings in Timisoara. 

 
In Timisoara, the housings made of large precast concrete panels were executed in three ma-

jor stages using different model project typologies depending on the applicable state decrees at 
the time, and in accordance with the evolution of the design and urban systematization stages 
(Radoslav et al, 2011). The studies conducted on the existing building stock for the city of 
Timisoara (Botici et al, 2012), confirmed the fact that in the period 1962-1990 three different 
types of projects were mainly used. In the first period of this urban development, between 1962 
and 1975, the most used standard project was “T744R-IPCT”. In the second period, 1975-1982, 
frequently used project type was “770-IPCT”, while between 1982 and 1989 the project type 
“1340-IPCT” had the largest application. 
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Irrespectively of the structural and energy consumption of the units, the major dysfunctions 
of these neighbourhoods refer to their lack of reinforcing an attractive urban image, the prob-
lems of interior spaces, the lack of public green areas and public space. During the past 10 years 
the facades of these units were improperly contoured to a mix of shapes, materials, and colours. 
The urban space was diminished by inhabitants that turned large green areas into parking lots. 
Also, the interior reduced surfaces of these flats drove the inhabitants to create enlargements in 
the structural partition walls in order to redesign the interior space and also to extend their living 
area by integrating the balconies in the living areas. 

2 INTERIOR INTERVENTIONS ON T744R BLOCK OF FLATS 

2.1 Description of the standardized collective building T744R 

In the first period of the three-stage urban development of Timisoara, between 1962 and 1975, the 
standard project “T744R-IPCT” (see Fig. 4) has been intensively used. It had a densification of 70 
unit/10.000m2 resulting in a distance between the units of approximately 60 meters; and flats had 
relative small living areas (Radoslav et al, 2011). The neighbourhoods were built near the city cen-
tre as shown in Fig. 4. 

 

 

 
 
 
 

Figure 4. a)’’IPCT” project type T744R b) Neighbourhoods in Timisoara City built between 1962-1975. 
 

The buildings are 5 storeys with a total height of 14 meters (interior storey high of 2.60m). 
The units accommodate 4 apartments on each level. A block of flats building is composed of 
one or more units and they usually form continuous street fronts. 

The structural system is made of precast concrete panels assembled on site. The panels were 
precast on specialized construction plants and transported to building site. The T744R unit has 
an interior longitudinal concrete wall, composed of standardized precast concrete panels and 6 
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interior transversal walls. 
The internal panels used in case of internal walls are single layered elements of 14 cm thick-

ness, made of B250 (equivalent class C16/20) concrete. The entrance and staircase is located in 
the middle span of the structure. The exterior walls were also realized from precast panels, com-
posed of three layers with different functions: the load bearing layer, the thermal insulating lay-
er and protection layer. 

The thermal insulation layer is placed on the external face of the load bearing layer and has 
about 6cm. The protection layer is made of reinforced concrete, 5cm thick. “T744 IPCT” project 
type was realized using mainly two types of exterior panels (see Figure 5). 

Both panel types have the load bearing layer 11cm thick, made of B250 (C16/20 equivalent) 
concrete class. The difference between panel types is the thermal insulation, which was changed 
in the second period from a 6cm thick mineral wool layer, to a thermal insulation composed of 
2.5cm aerated concrete and 2.5cm polystyrene. 
 

  
- exterior wall: 22cm thickness (var. I) 
1) structural layer: 11cm thickness (C16/20) 
2) thermal insulation: 6cm thickness (mineral wool) 
3) protection layer: 5cm thickness (C16/20) 

- exterior wall: 22cm thickness (var. II) 
1) structural layer: 11cm thickness (C16/20) 
2) thermal insulation: 2.5cm (BCA) + 2.5cm (polystyrene) thickness 
3) protection layer: 6cm thickness (C16/20) 

Figure 5. Exterior wall panels for T744R-IPCT project – details for connections and insulation. 

2.2 Retrofitting interventions and optimization of the interior partitioning 

Reconfiguration of the interior partition in order to increase the comfort of living can be 
achieved by merging two flats into one. The purpose of the study is the analysis of different 
types of apartment repartitioning, in order to obtain cost-effective, structural and functional so-
lutions that could be integrated into a reliable 3D building matrix. The main idea for apartment 
coupling is to create openings in walls or floors in such a way that living comfort and furnishing 
possibilities are increased and also the area of balconies is well used. Also for this particular 
case the new apartment configuration ensures a large liveable area in a semi-open space interior 
configuration, a configuration nowadays frequently used in practice. The reconfiguring by cut-
ting large openings in the structural diaphragms must be done in a coherent way, in order not to 
affect the ability of the structure to withstand vertical and horizontal loads (Botici et al, 2012). 

The interventions on existing balconies should be carefully studied at the level of the entire 
building and made accordingly in order not to decrease the visual appeal of the building. This 
matrix should allow flexibility for the apartment owners and should not impose obligation. Also 
it should analyse different scenarios and set special rules for the unfavourable cases (see Figs. 6-
8). 
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Figure 6. Horizontal reconfiguration and optimization of usable area inside of apartments. 
 

 
Figure 7. Horizontal reconfiguration by coupling two apartments. 
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For these cases structural solutions and regulations must be provided, in order to accommo-
date a diversity of possibilities regarding the “open space” (see Fig. 8). 

 

 
Figure 8. Statistical data regarding the building stock and used areas. 
 

This type of intervention can rebalance certain urban areas in terms of density, green zones 
for residents and can also decongest traffic routes. From a social perspective this type of inter-
vention involves a release on the public area allocated to parking spaces. At the same time it 
implies an urban density decrease (see Fig. 9). 
 

 
Figure 9. 3D matrix with different densification scenarios method. 

3 STRUCTURAL ANALYSIS 

The design of the retrofitted structure is carried out in two stages: (i) verification of the current 
state of the structure and (ii) verification of the structure after intervention (retrofitted structural 
system). It is also important to underline here that from the period 1965-1975 until now, the 
load as well as structural codes changed several times, including the seismic action/code. Con-
sequently, these must be accommodated in the re-design of buildings. 
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3.1 Behaviour of the un-retrofitted structure under current loads 

The performance of the original structure was evaluated with the ETABS computer code, by us-
ing 3D analyses based on shell finite elements. The thickness of the shell elements modelling 
horizontal and vertical diaphragms was equal to the thickness of the load bearing layer. The 
seismic load was accounted through a spectral analysis using the ground acceleration value 
ag=0.16g and a control period Tc=0.7s. The first modes of vibration, translational, longitudinal, 
torsional and the corresponding periods are shown in Figure 10. 
 

 
 
Figure 10. Eigen vibration modes and the corresponding periods of original structure (T1,y=0.100s, 
T2,x=0.080s, T3,θ=0.078s). 
 

Three wall diaphragms were checked i.e.: axis A, axis C and axis 2 (see Fig. 6). The largest 
internal force values resulting from the seismic load combination are given in Figure 11. The di-
aphragm checks were done using bending moment – axial force interaction diagrams and the 
pair (N, M) values are shown in Figure 12. 
 

 
 
Figure 11. Internal forces for panels in axis A, axis C (transversal) and respectively axis 2 (longitudinal).  
 

 
 
Figure 12. Verification of concrete panels using bending moment-axial force interaction diagrams. Points 
within the diagram represent the state of internal forces resulting from the calculations. 
 

Other checks for the panels included the checking of the internal core of concrete in compres-
sion and shear, verification of horizontal reinforcement in joints; resistance to crushing and 
shear of the joints at the ground level. 
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Special attention was given to the verification of reinforced concrete slab in the living room 
(panel P42-21) due to the fact that one intervention is proposed in this area in case of apartment 
coupling on horizontal. This panel is supported only on three edges. Figure 13 presents the de-
sign value of bending moment and the resistance to bending moment in the floor slab and also 
the Mx component in the floor slab. 
 

Design value of 
bending moment 

[kNm] 
 

Resistance to 
bending mo-
ment [kNm] 

Mx 
11.43 

< 
Mx,Rd 11.48 

-0.52 

My 
3.90 

My,Rd 6.23 
-0.53 

(a) (b)  
Figure 13. (a) Mx and My design bending moments and corresponding bending moment resistance; (b) Mx 
component in the floor slab. 

 
The allowable deflection of the slab is limited to l/250= 4130/250 = 16.52mm. The deflection 

resulting from the SLS is 3.188mm, being satisfactory. 

3.2 Apartment repartitioning by creating enlargements in transversal diaphragms 

The structural behaviour was evaluated through 3D analyses using ETABS computer code. The 
analyses were performed on the initial structure (denoted as case „A”) and on the structure with 
large openings in the vertical walls in axes C and F (see Fig. 6), strengthened with steel profiles 
(denoted as case „B”) as shown in Figures 14-17. 

Due to the high rigidity of the slabs which act as a horizontal diaphragms, the results show no 
significant increase of lateral displacements for the retrofitted structure (case B - diaphragms 
with large openings) in comparison to initial case A (see Fig. 14). In both cases the first mode of 
vibration is transversal; the second one is longitudinal, while the third mode is torsional. 

 

 
 
Figure 14. Lateral displacements [mm] for analysed cases “A” and “B”. 
 

By the direct comparison of the normal stresses S11 and S22 from the seismic combination, for 
case “A” and case “B”, a slight increase of the values in second case can be observed. In the 
same time the stress redistribution due to the interventions brings changes in the stress field. In 
general, substantial changes are observed in the door lintels. The shear stresses S12 show that for 
case “B” the values are 5 times higher than for case “A” due to the stress redistribution. The 
most sensitive areas are at the lower levels, generally in the panel connection regions. For the 
studied seismic level the stresses are smaller than the design resistance limits. This situation is 
exemplified in Figure 15. 
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Figure 15. Values of normal and shear stresses. 
 

From the serviceability limit state conditions, in axis C where the enlargements were per-
formed, a maximum vertical deflection of 0.65 mm was obtained. The deflections for all sto-
reys, for different loads and the combination, which contain the seismic action, are presented in 
Figure 16. 
 

     

Figure 16. Deflections in axis C [mm]. 
 

In the new configuration, the vertical loads from fundamental load combination will be re-
sisted by the steel reinforced concrete frame structure. Figure 17 presents the bending moment 
diagram on the new composite structure in case of fundamental combination (see Fig. 17A) and 
respectively the combination containing the seismic action (see Fig. B). 
 

 

Figure 17. Bending moment diagram on the steel reinforced concrete frame [mm]. 
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In comparison with case “A”, in case “B” the normal and shear stresses increase in the slab 
areas as shown in Figure 18. 

 

 
Figure 18. Values for normal and shear stresses [N/mm2] for a current slab. 
 

The numerical analyses have shown also that the required strengthening of the diaphragms 
depends on the seismic intensity area. These interventions may generally be local and can be 
done considering the existing reinforcements in tension. 

3.3 Horizontal repartitioning by pairing two apartments 

One possibility to enlarge the living areas of the flats is by pairing two apartments horizontally. 
The checks of the structure after retrofitting was performed according to CR2-1-1.1:2011 by 
considering two additional openings of 1350 mm in the central longitudinal walls in axis 2, as 
shown in Figure 19. 
 

 

 
Figure 19. T744R – Creation of openings in the longitudinal diaphragm in axis 2. 
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The 3D modal analysis on the retrofitted structure shows that the first mode of vibration, on 
transversal direction is almost the same, with T1=0.111s. The second mode of vibration remains 
on longitudinal direction, but with a higher period of T2=0.097s, affected by the openings that 
were performed in the diaphragms. For the third mode of vibration the period is T3=0.081 s. The 
analysis shows that internal forces in the unaffected diaphragms are similar to the values record-
ed for the initial structure, but major differences are recorded in the diaphragm in axis 2. Gener-
ally, the same structural checks were conducted. The verifications revealed that the middle lon-
gitudinal concrete wall has to be reinforced locally, in order to resist the loads. 

3.4 Vertical repartitioning by pairing two apartments 

The pairing of two apartments at different storeys and turning them into a single apartment can 
be realized by creating openings in the slab area and adding an interior staircase. Vertical exten-
sion of living room areas can be considered one of the most spectacular methods for increasing 
the comfort of habitants (see Fig. 20). The structural analyses shows that the vertical concrete 
walls are practically unaffected by the new opening in the slab. However, opening created in the 
slab changes the internal force distribution in that particular slab. For the evaluation of the cut 
slab, the slab panel P42-21 was verified by considering a cut of 1200×1200mm. 
 

 
Figure 20. T744R – Detail with cut intervention on slab (plan and elevation). 

 
In the new configuration, the panel is a floor slab supported on two edges and half of the 

third. Figure 21 shows the values of bending moments on the two main directions (Mx, My) of 
the plate in comparison with the resistance which should be considered in comparison with the 
results presented in Figure 13. In these conditions it becomes clear that the slab should be con-
solidated on x direction. 

 

 
Design value of bending moment [kNm]  Resistance to bending moment [kNm] 

Mx 14.79 (-0.67) > Mx,Rd 11.48 
My 3.90 (-3.85) < My,Rd 6.23 

 
Figure 21. T744R – Mx and My bending moments on cut diaphragm. 
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4 SOLUTIONS FOR STRUCTURAL CONSOLIDATION 

4.1 Consolidation for vertical wall openings 

4.1.1. Consolidation using steel profiles 

The strengthening solution of the vertical openings consists of a steel frame enclosing the cut, 
by welded angles and forming a hat section accommodating the concrete cut. The profiles are 
fastened to the concrete wall with anchors passing from one side to the other. The frame stan-
chions are simply supported at the base, above the floor slab. 

The correct fixing of the hat section to the precast reinforced concrete structure requires 
chemically bonding of the anchor bolts. In order to check the new system, a new analysis has 
been performed, by considering the additional steel elements connected to the cuts. The number 
of the anchoring bolts (minimum 15 pieces) resulted from the condition of assuring a complete 
interaction between the steel and concrete elements through capacity design. 
The structural analysis shows that strengthening of the openings is required on all floors. The 
strengthening can be done by attaching individual steel frames to the remaining concrete dia-
phragm, at every storey (see Figure 21) or using a continuous steel frame as shown in Figure 22. 
The additional weight of steel components is less than 200 kg, and the columns and beams can 
be assembled on site by welding or bolting. 

In the first case (see Figure 21) the frames are considered pinned at the base, above each floor 
slab. Connection of the steel frame to the reinforced concrete structure is done using chemical 
anchors. The beam-to-column connection is realised by welding and the outer flanges of col-
umns and the beam are fixed to the reinforced structure with chemical anchors (see detail 2 in 
Figure 21). The advantage of the solution is that intervention can be limited to a single apart-
ment at a time. 
 

 
Figure 21. Transversal frame – pinned column base. 

 
In the second case the structural system is proposed as a continuous frame with rigid joints 

(see Figure 22) where the steel columns are connected at about 1.0 m above each slab, and 
beams at 0.8 m from the beam-to-column joint (see detail 3 from Fig. 22). The main advantage 
is the continuous framing results in smaller steel element sections, but the continuity of the ver-
tical elements requires whole building to be taken out of use during renovation. 
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Figure 22. Transvers frame – continuous columns. 

 
In this case the steel frames are connected to the reinforced concrete diaphragms by means of 

chemical anchors, designed in such a way that composite steel-concrete section results. The 
connections with chemical anchors are used to both the wall diaphragms and the slabs, as shown 
in Figures 23-24. Practically, the initial structure with precast reinforced concrete large panels is 
transformed into a composite structure made with vertical diaphragms and alternating composite 
frames. 
 

   
Figure 23. Internal walls consolidation Figure 24. Slabs and wall connection 
                  – joint detail – horizontal section.                  – joint detail – vertical section. 
 

The described solutions present a series of advantages such as reversibility, easy erection, 
partial manufacturing in workshop, easy interventions in case of impairment, easy checking of 
execution quality. 

For all the described situations the new composite steel – reinforced concrete frames are able 
to resist the gravitational loads and to transmit the loads to the foundations. The horizontal 
seismic forces are partially resisted by the frames, and partially redistributed through the hori-
zontal slabs to the vertical diaphragms unaffected by the intervention. 
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4.1.2. Concrete jacketing 

Concrete jacketing represents a classical solution in case of diaphragm openings and increases 
significantly the initial element section, which further result in increased stiffness. Concrete 
jacketing should work with the existing element through adherence and additional reinforce-
ment. Substantial inconvenience consists in increasing the thickness of the original element 
which leads to reduced clearance and a relatively high added weight. For the proposed openings 
in the walls a concrete jacketing of 10cm thickness is needed on each side of the wall (see Fig. 
25). 
 

 
 
Figure 25. T744R –Concrete jacketing of walls. 

4.2 Consolidation of the concrete slab 

As resulted from the static analysis, additional reinforcement is needed in the concrete slab, near 
the cut-out opening. For this a practical solution is adopted, by mechanical connection of some 
mild steel plates bonded to the concrete surface both on top and on the bottom. The total length 
of the plates is equal to the cut length to which an anchorage length is added. The connection 
with the existing concrete slab is assured by vertical bolts. Considering also capacity design, a 
number of 11 screws are needed. For assuring a good interaction, the steel plates will be welded 
together in the junction area for continuity (see Figure 26). 

 

           
Figure 26. T744R – The layout of the steel plates. 

5 POTENTIAL OF THE RETROFITTING INTERVENTION TO IMPROVE SOCIAL 
SUSTAINABILITY OF THE BUILDING 

The type of retrofit interventions sketched in the paper aim to improving social sustainability of 
the concrete building typology. The European framework for assessing the potential improve-
ments is given in the standard EN 15643-3:2012, while the methodology of assessment is de-
scribed in more details in prEN 16309:2011. The European standardization process is at the start 
concerning social sustainability. Some categories of social performance aspect have an agreed 
basis for standardization, but some lack this basis at present. Also, as aspects and especially in-
dicators of social performance are difficult to quantify; a checklist approach is promoted by the 
standards without specifying assessment schemes or valuation methods. 

In this section, an attempt is made to estimate the improvement potential of social perfor-
mance with the retrofit solutions presented, but also to highlight the full range of possible 

37



measures towards transforming the building stock. The aim is to support decision making in ear-
ly stages of promoting retrofit measures and to help policy development. 

The functional unit can be considered the full building T744R-IPCT as described in section 
2.1, with a usable area of 1188.9m2. The building is a residential one containing 20 apartments. 
The horizontal reconfiguration of internal space inside an apartment (see Figure 6) is considered 
as a reference case of retrofit. After reconfiguration the useful area increases slightly due to the 
incorporation of the balconies. The building remains of residential type, but the potential num-
ber of occupants decreases due to the transformation of the apartment spaces. The design service 
life of the building is 50 years (EN1990:2002), but the retrofit takes place after about 30-40 
years of service. The remaining service life is 10 years. In context of implementing the quite 
complex retrofit, the extension of the service life could be considered. 

The system boundaries should be set strictly to the perimeter of the building superstructure, 
its foundations system and exclude the site of the building. This choice must be done in the 
Romanian legal context as the building is privately owned. Use stage should be covered, with 
focus on module B1 – Use scenario (Figure 1 in EN 15804 and presented in Figure 27 of the 
paper). To further simplify the assessment only the impact on the users of the building can be 
considered (see Annex B, EN 15643-3:2012). 

 
 
 
 
 

 

Figure 27. Social sustainability focuses on the use phase of the building life cycle (reproduction 
from EN15804). 

 
Hence, defocusing from impacts on the neighbourhood and involvement of society is pro-

posed. The neighbourhood impacts considered here not relevant in the use phase, as most take 
place in the execution phase of the retrofitting. Broader impacts on society, primarily the local 
community, may be very significant in the use stage, as the retrofit proposed can change the 
number and social profile of occupants, e.g. reducing the population density in neighbourhoods. 
However, the focus on these broader impacts is out of the scope of this study. 

Given these limitations, the list of aspect related to social performance, and a few possible 
measures to improve performance are given in Table 1, based on the upcoming standard prEN 
16309 (2011).  

It can be noted from Table 1 that not all means of improving social sustainability are availa-
ble at the building level. For instance the approach to the building is something that is in the re-
sponsibility of municipalities in the Romanian context.  

 
 
 
 
 

Focus of social
sustainability 
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Table 1. Aspects of social sustainability affected by the retrofit interventions. 
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Approach to the 
building (7.2.2) no

 NP051/2001 Not relevant because it is outside 
of system boundary 

no no no 

Entrance and 
movement inside 
the building 
(7.2.2) 

ye
s 

NP051/2001 Access ramps for ground floor 
apartments. Ensure accessibility 
ensured for 20% of the floor area 

no no yes 

NP051/2001 External elevator systems. Acces-
sibility to 100% of the floor area 

no no yes 

NP051/2001 Width of door openings upgraded 
for accessibility 

no partly yes 

NP051/2001 Minimum width of corridors and 
room spaces upgraded 

no partly yes 

Access to build-
ing services 
(7.2.3) 

ye
s NP051/2001 Minimum width of bathroom 

spaces upgraded to include 
manoeuvring space 

no no yes 

A
da

pt
ab

il
it

y 

Adaptability (7.3) 

ye
s  Minimization of internal load-

bearing elements no yes yes 

ye s  Ease of demolition/demountability 
of internal elements 

partly yes yes 

ye
s  Provisions for possible future 

equipment e.g. elevators no no yes 

H
ea

lt
h 

an
d 

co
m

fo
rt

 Visual comfort 
(7.4.5) ye

s 

 Increased daylight contribution yes no yes 
 Improve visual connection with 

exterior by modifying window 
heights, aspect ratios etc. 

yes no yes 

Spatial character-
istics(7.4.6) ye

s 

 Modify number and floor area of 
rooms. 

yes yes yes 

 Number and floor areas of toilets, 
bathrooms, volumes of storage 
rooms 

yes yes yes 

 Outdoor area and balconies yes yes yes 

M
ai

nt
e-

na
nc

e Maintenance 
(7.6.) ye

s  Ease of access. Accessibility with-
out dismantling/removal of build-
ing components. 

no no yes 

S
af

et
y 

an
d 

se
cu

ri
ty

 

Resistance to 
climate change 
(7.7.2) 

ye
s  Zoning of apartments to create 

buffer spaces (e.g. south facing fa-
cades in hot climate) 

no yes yes 

Accidental ac-
tions (7.7.3) ye

s 

 Maintain structural stability for 
earthquake and explosion 

yes yes yes 

 Optimization of size of smoke and 
fire compartments 

no no yes 

 Improved design for the means of 
escape in case of fire (including 
people with disabilities. Improved 
access of fire fighters.  

yes no yes 

6 CONCLUSIONS 

The interior repartitioning of concrete residential buildings can improve the comfort of inhabit-
ants in such buildings. The apartment coupling horizontally or vertically will result in new in-
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ternal configurations and can offer improved interior space, new types of flats, with implications 
at larger scale on the local community, such as the decrease of densification in urban areas. The-
se types of interventions can also be used to revitalise parts of the city and contribute to cities 
urban regeneration. 

Structurally, both types of interventions are possible but attention should be given to local de-
tailing: (i) when cuts in the vertical diaphragms are performed, these should be reinforced by 
additional steel frames or concrete jacketing; (ii) if cuts are made on horizontal diaphragms, ad-
ditional reinforcement near the cut-outs is needed. 

Since technical possibilities exist, social sustainability targets should be considered by au-
thorities on pair with ecological goals, with real estate development programs including such 
targets in their financing schemes. These social targets are both desired by owners (Botici et al, 
2014) and are is some cases required by regulation. Achieving higher social sustainability 
standards is technologically possible, but not easy to implement on the existing large panel 
building stock, hence focus should be on the minimal improvements costs. 
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ABSTRACT: The large number of precast reinforced concrete wall panel buildings that were 
built across the country attracted the interest on this type of structural system. Although these 
structures proved good seismic behavior in time, a considerable part of them are already 50 
years old. Due to architectural reasons, change of use in buildings, functional space 
requirements and other factors the seismic performance of these structures was decreased by 
modifications of the load bearing elements. The current experimental program was set in order 
to analyze this type of structures, evaluate the seismic performance of the precast reinforced 
concrete wall panels (PRCWP), investigate the weakening induced by several types of cut-outs 
in the walls, apply different strengthening systems and analyze the retrofitting costs. The 
strengthening systems presented in this paper comprise: Externally Bonded Carbon Fiber 
Reinforced Polymer Reinforcement (EBR-CFRP), Near Surface Mounted Carbon Fiber 
Reinforced Polymer Reinforcement (NSM CFRP) and Textile Reinforced Mortar (TRM) using 
glass fiber (GF) grid. All the strengthening systems induced a more ductile behavior, 
comparison of wall results is highly influenced by the compressive strength of concrete which is 
not the same for all the wall panels, initial reinforcement available in the wall and the type of 
repair applied in each case. 

1.  MOTIVATION 

The huge field of applications on precast reinforced concrete (RC) large wall panel buildings is 
the main reason of research and interest. Exploring this direction some aspects need to be 
established, such as the seismic performance of them, the weakening induced by several types 
of cut-outs, the type of strengthening system which can restore the initial load bearing capacity 
of the elements and the costs implied by strengthening. There is a large variety of strengthening 
systems available today which can be used individually or in combination with other 
strengthening systems, and the selection of it is most often based on the financial aspect. 
Limited literature is currently available on evaluation of strengthening costs, the one mentioned 
in the current paper was developed considering material and labor cost valid for Romania. 
Related to RC wall cyclic tests, online databases are more accessible sources, some of them 
being the shear wall database by Palermo [1] and the shear wall database by The George E. 
Brown, Jr. Network for Earthquake Engineering Simulation (NEES) [2]. 

2.  EXPERIMENTAL PROGRAM DESCRIPTION 

The current experimental program comprises a number of six precast reinforced concrete wall 
panels (see Figure 1): PRCWP (7-E1) having a narrow door opening, PRCWP (8-E3) having a 
large door opening, PRCWP (9-E1/E3) having a narrow door opening, enlarged to a large door 
opening, PRCWP (10-L1/L3) having a narrow window opening, enlarged to a large window 
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opening, PRCWP (11-L1) having a narrow window opening, and PRCWP (12-E1) having a 
narrow door opening. There is a number of 11experimental tests which were carried out on 
these six precast RC wall panels, but only 7 tests will be presented in this paper. The first 
specimen (PRCWP 7-E1) was first tested unstrengthened (PRCWP 7-E1-T), repaired and post-
damage strengthened (PRCWP 7-E1-T/R) and tested again. The second specimen (PRCWP 8-
E3) was also tested unstrengthened (PRCWP 8-E3-T) and after it was repaired and post-damage 
strengthened (PRCWP 8-E3-T/R) and tested again. The third specimen (PRCWP 9-E1/E3) was 
only prior-to-damage strengthened (PRCWP 9-E1/E3-R/T) and tested. The fourth specimen 
(PRCWP 10-L1/L3) was first tested unstrengthened (PRCWP 10-L1/L3-T), then it was 
repaired, post-damage strengthened (PRCWP 10-L1/L3-T/R) and tested again. 

The wall specimens were laterally loaded, reversed cyclic - displacement controlled. As the 
height of the wall is 2150 mm, 21.5 mm corresponds to 1% drift ratio. The displacement control 
has its unit a drift ratio of 0.1% (2.15 mm). Two cycles per drift were made [3]. The test was 
stopped when the specimen lost 20% of its load bearing capacity. The boundary conditions 
consist of restrained rotation and out of plane displacement prevention. The compressive 
strength (cubic measured) for the panels was 45.5 MPa for the PRCWP (7-E1) specimen, 17.5 
MPa for the PRCWP (8-E3) specimen, 44.5 MPa for the PRCWP (9-E1/E3) specimen and 
27.25 MPa for the PRCWP (10-L1/L3) specimen. 

For the PRCWP (7-E1) specimen the reinforcement includes horizontal and vertical bars, a 
spatial cage on the entire height in the left pier, a spatial cage in the coupling beam, welded wire 
mesh in the right pier and a spatial cage at the top right corner of the door opening. 
Reinforcement of the PRCWP (8-E3) specimen contains horizontal and vertical bars, spatial 
cage on the entire height in both piers and a spatial cage in the coupling beam. In case of 
PRCWP (9-E1/E3) specimen the reinforcement comprises horizontal and vertical bars, a spatial 
cage on the entire height in the left pier, a spatial cage in the coupling beam and welded wire 
mesh in the right pier. For the PRCWP (10-L1/L3) specimen the reinforcement is composed of 
horizontal and vertical bars, welded wire mesh in the left and right pier, spatial cage in the 
coupling beam, wire mesh in the parapet and inclined bars at the top and bottom left corner of 
the window opening. Specimen (12-E1) has the same reinforcement as (7-E1) and specimen 
(11-L1) has the same reinforcement as (10-L1/L3) [4]. 

The instrumentation part in the experimental test consisted of three measuring quantities, 
namely displacements using displacement transducers, unit strains (using strain gauges) and 
forces (using piezo-resistive transducers). In addition to the measured quantities an important 
behavioral aspect of the reinforced concrete walls was recorded, namely the cracking pattern. 
The front face of the wall panel was surveyed for crack occurrence and propagation and all the 
information was marked on the wall. In order to localize the cracks an orthogonal reference grid 
was marked on the wall. These gridlines divided the wall face in 64 rectangles. A photo map 
will be assembled in order to obtain the final cracking pattern [5]. 

 
Figure 1. The precast reinforced concrete wall panels comprised in the experimental program. 
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3.  STRENGTHENING STRATEGIES 

The strengthening strategies presented in this paper were chosen and applied in order to restore 
or increase the initial load bearing capacity of the walls. Four strengthening systems were 
chosen in the current experimental program, but only three of them are presented here, namely 
Externally Bonded Carbon Fiber Reinforced Polymer Reinforcement (EBR-CFRP), Near 
Surface Mounted Carbon Fiber Reinforced Polymer Reinforcement (NSM-CFRP) and Textile 
Reinforced Mortar (TRM) using Glass Fiber Grid. An important aspect in the performance of 
the strengthening system for the post-damage strengthened wall panels is the repair phase, 
which was done here by replacing the crushed concrete with high strength mortar. Cracks were 
not injected with epoxy resin, factor that influences the degree of repair of the panel but also 
significantly reduced the cost of repair and strengthening. The strengthening systems and the 
material consumption for each experimental test are presented in the section below. 

3.1  Post-damage strengthened PRCWP (7-E1-T/R) having a narrow door opening 

The strengthening layout of the specimen is represented in Figure 2 and was composed of 
flexural, shear and confinement strips. The strain gauge positions on the CFRP strips are also 
shown here. The flexural strips were disposed around the opening and along the upper edge of 
the spandrel beam. Additional second layer of short strips were placed inclined at the upper 
corners of the opening, horizontal till the upper length of the opening, and vertical at the upper 
and bottom side of the opening. The bottom vertical strips around the opening were anchored to 
the foundation with CFRP tows. The shear strips were disposed horizontally on the piers, 
anchored at their ends by overlapping strips on the opening side and by short CFRP tows at the 
wing-side end. CFRP confinement was provided at the inside toe of both piers and the outer toe 
of pier 2, at the pier to beam connection regions and at the ends of the wing walls. The material 
consumption of the strengthening using EBR-CFRP comprised 7.50 m2 CF-fabric and 10 kg 
epoxy resin [6]. 

 
 a) PRCWP 7-E1-T/R specimen   b) Experimental 7-E1-T/R wall 

 
 c) Flexural (f) strengthening   d) Shear (sh) strengthening 
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 e) Confinement (c) strengthening  f) Strain gauges (G) on CFRP strips 

 
 g) Strain gauges (G) on steel reinforcement h) CFRP strips application 
Figure 2. The strengthening layout of the precast reinforced concrete wall panel with narrow 
               door opening [6]. 

3.2 Post-damage strengthened PRCWP (8-E3-T/R) having a large door opening  

The strengthening layout of the specimen is represented in Figure 3 and was composed of 
flexural, shear and confinement strips. The strain gauge positions on steel reinforcement and on 
CFRP strips are also shown here. The flexural strips were disposed around the opening and 
along the upper edge of the spandrel beam. The shear strips were disposed horizontally on the 
piers. The confinement strips were applied at the bottom corners of the opening and at the ends 
of the wing walls. The material consumption of the strengthening comprised 5.40 m2 CF-fabric 
and 8 kg epoxy resin [3]. 

 
 a) PRCWP 8-E3-T/R specimen   b) Experimental 8-E3-T/R wall 
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 c) Flexural (f) strengthening   d) Shear (sh) strengthening 

 

 e) Confinement (c) strengthening  f) Strain gauges (G) on CFRP strips  

 

 g) Strain gauges (G) on steel reinforcement h) CFRP strips cut  

Figure 3. The strengthening layout of the precast reinforced concrete wall panel with large 
                door opening [3]. 

3.3 Prior-to-damage strengthened PRCWP (9-E1/E3-R/T) having an initial narrow door 
opening, and enlarged to a large door opening 

The strengthening strategy for the prior-to-damage strengthened PRCWP (9-E1/E3-R/T) is 
composed of CFRP-EBR and NSM-CFRP and is presented in Figure 4. The applied 
strengthening intended to increase the flexural, shear and confinement capacity of the specimen. 
In the case of NSM-CFRP, 12x1.2 mm Carbon Fiber (CF) plates were used, disposed 
horizontally on the entire height of the right pier, the last two from the top were extended until 
the middle of the coupling beam. All the CF plates were anchored in the wing. For the CFRP-
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EBR system flexural, shear and confinement strips were used. The flexural strips were disposed 
around the opening on the left side and along the upper edge of the coupling beam. Additional 
second layer of short strips were placed horizontal till the upper length of the opening, and 
vertical at the upper and bottom side of the opening. The bottom vertical flexural strips were 
anchored to the foundation with CFRP tows. The shear strips were disposed horizontally on the 
left pier, anchored at their ends by short CFRP tows at the wing-side end, and CFRP hoops were 
used on the spandrel beam. CFRP confinement was provided at the inside toe of both piers, at 
the pier to beam connection regions and at the ends of the wing walls. The strain gauge position 
on the steel reinforcement, CF plates and CFRP strips is also shown here [7]. 
 

 

 a) PRCWP 9-E1/E3-R/T specimen  b) Experimental 9-E1/E3-R/T wall 

 

 c) Flexural (f) strengthening   d) Shear (sh) strengthening 

 

 e) Confinement (c) strengthening  f) NSM CFRP strengthening 
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 g) Strain gauges (G) on steel reinforcement   h) Strain gauges on CFRP strips and plates 

Figure 4. The strengthening layout of the wall with initial narrow door, enlarged to a 
                large door opening [7]. 

3.4 Post-damage strengthened PRCWP (10-L1/L3-T/R) having an initial narrow window 
opening, and enlarged to a large window opening 

After repairs were made, surface preparation phase started consisting in polishing the necessary 
surface, drilling 8 mm holes for the threaded rods, rounding the corners of the opening about 
20 mm, blowing the surface using compressed air and vacuum-cleaning the surface of the wall. 
The strengthening strategy was based on TRM technique. The TRM technique provides a viable 
alternative to “classic” FRP interventions without compromising strength and ductility increase 
[8]. An anchor system was used in order to assure the transmission of stresses and deformation 
from the structure substrate to the reinforcement layer [9]. The threaded rods (12 cm length) 
were fixed using resin through the panel. According to the retrofitting plan (Figure 5), the grid 
was cut using scissors considering their dimensions. After all the fibers were cut, the bonding 
primer was applied on the surface of the wall, followed by the first layer of mortar. The glass 
fiber grid was then applied (Figure 7a), followed by the second layer of mortar (Figure 7b). 
Strain gauges were mounted on steel reinforcement (Figure 6a) and on glass fiber grid (Figure 
6b) [10]. The material consumption in this case implied 18 m2 of glass fiber grid, 98 threaded 
rods for the anchorage, 35 kg bonding primer for the TRM system and 175 kg component 
mortar of the TRM system. 

Figure 8 shows the strengthening materials used [11] in the experimental tests presented in 
this paper. Figure 8a) represents the carbon fiber plates used for the Near Surface Mounted 
Carbon Fiber Reinforced Polymer Reinforcement (NSM-CFRP). Figure 8b) shows the carbon 
fiber fabric used for the Externally Bonded Carbon Fiber Reinforced Polymer Reinforcement. 
Figure 8c) represents the glass fiber grid used for the Textile Reinforced Mortar system. Figure 
8d) shows the component mortar used in the Textile Reinforced Mortar system. 
 

 
Figure 5. The strengthening layout of the wall with narrow window enlarged to a large window opening 
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Figure 6. Strain gauges (G) position on a) steel reinforcement and b) glass fiber grid [10] 

 

Figure 7. Application of a) glass fiber grid and b) second layer of mortar for the PRCWP (10-L1/L3-T/R) 
[10] 

    

    

Figure 8. The materials used are: a) CF plates, b) CF fabric, c) glass fiber grid and 
                d) component mortar in TRM 
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4.  FAILURE DETAILS 

During the experimental tests, all the specimens recorded a number of cracks and certain types 
of failure depending on the opening dimension, compressive strength of concrete, reinforcement, 
strengthening strategy and the unstrengthened condition for some specimens.  

4.1  Unstrengthened PRCWP (7-E1-T) having a narrow door opening 

In the below figures are shown the failure details recorded in the experimental test of the (7-E1-
T) wall panel. Concrete crushing, thick diagonal crack and reinforcement rupture are some of 
the failures presented here. 
 

    
Figure 9. Failure of the specimen at 17.20 mm [6] Figure 10. Concrete crushing of door corner 

   
Figure 11. Panel bottom right corner crushing Figure 12. Horizontal mesh component rupture 

4.2  Post-damage strengthened PRCWP (7-E1-T/R) having a narrow door opening  

   

Figure 13. Shear strips debonding   Figure 14. Confinement strips rupture 
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Figure 15. Shear strips debonding   Figure 16. Diagonal crack reopening 

4.3  Unstrengthened PRCWP (8-E3-T) having a large door opening 

In the experimental test of the (8-E3-T) specimen concrete crushing was recorded at the top 
corners of the opening. The cast in place mortar at the bottom corners of the opening also 
crushed. The thick diagonal crack is in the right pier and concrete crushing lead to failure of the 
specimen. 
 

    
Figure 17. Upper left door corner crushing  Figure 18. Upper right door corner crushing  

   
Figure 19. First diagonal crack in the right pier Figure 20. Cast in place mortar crush 

4.4  Post-damage strengthened PRCWP (8-E3-T/R) having a large door opening  

As shown in the below figures shear strips debonding, flexural strip swelling, confinement strips 
rupture and concrete crushing lead to failure of the post-damage strengthened specimen. 
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Figure 21. Shear strip debonding   Figure 22. Shear strip debonding 

    
Figure 23. Flexural strip swelling and concrete crush  Figure 24. Cast in place mortar crush 

4.5  Prior-to-damage strengthened PRCWP (9-E1/E3-R/T) having an initial narrow door 
opening, enlarged to a large door opening 

   
Figure 25. Flexural strip swelling, confinement Figure 26.Mortar crush 
                  strip rupture and concrete crush [3] 

4.6  Unstrengthened PRCWP (10-L1/L3-T) having an initial narrow window opening, enlarged 
to a large window opening  

In the unstregthened condition the wall panel experienced concrete crushing at the top and 
bottom left corner of the window opening and severe diagonal cracks in the left pier. 

53



   
Figure 27. Flexural strip swelling, confinement strip Figure 28. Mortar crush 
                  rupture and concrete crush 

4.7  Post-damage strengthened PRCWP (10-L1/L3-T/R) having an initial narrow window 
opening, enlarged to a large window opening  

   
Figure 29. Debonded TRM areas between  Figure 30. Rear view of the left pier [10] 
                  threaded rods [10] 

5. RESULTS 

The force and displacement histograms are presented here, and also the strain-displacement 
diagrams for each test. Comments on the results are presented in the conclusion section of this 
paper. 

   
Figure 31. Maximum horizontal force  Figure 32. Displacement corresponding to 

                                maximum horizontal force 
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a) Strain gauge G7 on steel reinforcement (7-E1-T) b) Strain gauge G8 on CFRP strip (7-E1-T/R) 

 
c) Strain gauge G3 on CFRP strip (8-E3-T/R) [3] d) G1 on steel reinforcement (9-E1/E3-R/T) [7] 

 
e) Strain gauge G6 on CF plate (9-E1/E3-R/T) [7] f) Strain gauge G8 on CFRP strip (9-E1/E3-R/T) [7] 

   
g) G3 on steel reinforcement (10-L1/L3-T) [10] h) Strain gauge G2 on GF grid (10-L1/L3-T/R) [10] 
Figure 33. Strain-displacement diagrams for strain gauges recorded in seven experimental tests on 
PRCWP 

6.  CONCLUSIONS 

Concluding upon the results, the test of the (9-E1/E3-R/T) specimen shows the effect of the cut-
out in the wall compared to specimen (7-E1-T) and (7-E1-T/R) by a significant loss in load 
bearing capacity, and also the effect of initial retrofit towards (8-E3-T/R) by a significant gain in 
the value of the load bearing capacity, yet in the second statement we should not neglect the 
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difference in the compressive strength of concrete, and the quantity of initial steel reinforcement 
available in the wall panel. According to Figure 33 a, d and g the steel reinforcement reached 
yielding during the experimental test of PRCWP (7-E1-T), (9-E1/E3-R/T) and (10-L1/L3-T). 
Strain gauges applied on CFRP strips (Figure 33 b, c and f) recorded values up to 10‰ in 
tension, fact that shows the strips were stressed but no rupture was attained. Figure 33 (e and h) 
show the strain-displacement measurement on a CF plate and GF grid, both being slightly 
loaded. All the strengthening systems induced a more ductile behavior and in almost all cases 
the initial load bearing capacity of the element was restored. We have to take into account here 
the fact that in some cases the unstregthened elements lost more than 20% of their load bearing 
capacity in the initial experimental test. Analyzing the costs we obtained a strengthening cost 
per square meter of 90.25 EUR/m2 for the TRM system, which proved to be more expensive in 
the current experimental program than the strategy using EBR-CFRP (≈ 62EUR/m2) and 
cheaper than the one using (NSM-CFRP) strengthening system (≈ 100 EUR/m2) [10]. 
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1 INTRODUCTORY NOTES 

This paper is a brief and partial overview of a wider experimental program on the application of 
Fiber Reinforced Polymers (FRP) for strengthening of precast concrete large panels affected by 
cut-out openings. This program was initiated and coordinated by the authors, from the Depart-
ment of Civil Buildings of the “Politehnica” University of Timisoara, Romania and it received 
financial support from the Romanian National University Research Council (CNCSIS) through 
a number of research grants acknowledged at the end of the paper. The research program result-
ed in a number of PhD theses under the supervision of Professor Stoian Valeriu, from the same 
institute. Most of the information presented hereinafter was published in the PhD thesis “Seis-
mic retrofit of precast RC walls by externally bonded CFRP composites” of the first author of 
this paper (Demeter, 2011). 

2 BUILDING INVENTORY 

Likewise other Eastern European countries, Romanian urban areas underwent significant trans-
formation during the second half of the 20th century, regarding the housing conditions. A con-
siderable 28% of the total room area of residential buildings, as of 2002 according to National 
Institute of Statistics (NIS, 2002) was represented by flat blocks of reinforced concrete construc-

Strategy for providing the required structural safety level of 
reinforced concrete large panel walls with cut-out openings 

István Demeter 
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ABSTRACT: This paper addresses the seismic behaviour of the reinforced concrete (RC) walls. 
The objectives of the research are to investigate the seismic performance of the precast rein-
forced concrete walls, assess the weakening effects caused by doorway cut-outs and reveal the 
effects of the seismic retrofit by externally bonded carbon fibre reinforced polymers (CFRP- 
EBR). The experimental program consisted in seven quasi-static cyclic tests on near-full scale 
precast reinforced concrete wall specimens. Particular care was given to the design of the test 
set-up and loading procedure in order to model the outrigger effect which stimulates shear be-
haviour instead of the flexural one. The experimental variables referred to the opening and the 
strengthening condition. The influence of the cut-out opening size on the shear strength, stiff-
ness and energy dissipation rate was considerable. The retrofitting technique by means of 
CFRP-EBR yielded improved behaviour characteristics, primarily in terms of energy dissipa-
tion; however, certain limitations were identified on the use of this strengthening system in re-
versed cyclic applications. In addition, the test results showed that by considering the outrigger 
effect the cyclic response and the failure mode of the shear walls is governed by diagonal com-
pression. These imply a different look on the seismic design and analysis of the reinforced con-
crete wall structures. 
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tion realised in the period of 1950-2000, totalling more than 57000 buildings. Over 40000 of 
these blocks are low-rise 5-storey Precast Reinforced Concrete Large Panel (PRCLP) buildings, 
see Figure 1, more than 3500 are 9-storey (P+8) and more than 4500 are 11-storey (P+10) mid-
rises. The Romanian terminology used was large-panel residential building or large-panel 
block. 

The construction of the large panel started in the early 1960’s and gained wide application 
starting from 1970, see Figure 2.3. A landmark event was the Vrancea earthquake of March 4, 
1977. This event marked the decline of 11-storey (P+10) but did not affect the ascent of 5-
storey (P+4) and induced the emerging of 9-storey (P+8) configurations. Post-1977 large-panel 
reinforcement was modified. The 1970 to 1990 period can be referred to as the decades of P+4 
low-rises, with more than 36000 buildings constructed. The 1989-1990 marked the end of large-
panel construction in Romania.  

The architectural floor plan of a 5-storey block consists generally in four flat units and a 
staircase, without elevator shaft. The ground floor is at about 1 meter above street level and the 
utility (uninhabitable) basement level is about 2 meters below ground level. Flat roofs are the 
prevailing roof types. 

The structural system of the 5-storey PRCLP buildings is composed of the cast-in-place RC 
foundation system and the entirely precast superstructure. The foundation system consists of 
foundation strips and 200 mm thick RC walls. The superstructure was made of room-size (25 
m) precast slab and wall panels, assembled on-site through vertical and horizontal joints along 
their edges. Joints were using lap welding of steel reinforcement and casting in-place concrete 
emulating the conventionally formed cast-in-place RC structures. Modular construction was 
employed using M300 mm as unit. 
 

 
Figure 1. Reinforced concrete blocks of flats in Romania. 
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3 CONCEPTUAL OUTLINE AND STRUCTURAL REMODELLING 

Structural alterations by doorway cut-outs (see Figure 2), impair the seismic performance of a 
reinforced concrete wall member. According to the common sense of structural engineering the 
weakening effect should be proportional to the size of the cut-out opening, although this as-
sumption needs further data regarding the shape and position of the opening. Moreover, the 
weakening should be quantified in terms of strength, stiffness, ductility and energy dissipation. 
Even the assumption of weakening may be subject of investigation with respect to the struc-
ture’s overall response given that slitted walls were adopted (Muto et al., 1974) as seismic reha-
bilitation method. 
 
 

  
Figure 2. Typical example of structural remodelling by doorway cut-outs.  
 

In order to enhance the seismic performance of the cut-out weakened walls retrofitting should 
be carried out. The strengthening technique of FRP-EBR (Externally Bonded Fibre Reinforced 
Polymers) was introduced in the past twenty years and gained widespread application for its ad-
vantages with respect to conventional/traditional methods. The technique is primarily used for 
RC beams and column members and masonry elements. As with many other novel techniques, 
the structural engineering research and design regarding the FRP-EBR strengthening is one step 
behind technology and application, consequently a series of unaddressed issues are expected. As 
externally bonded reinforcement (EBR) this technique can be used similarly (emulating) to con-
ventional steel reinforcement, but bearing in mind the differences between steel and FRP in 
terms of material and geometric properties. In the case of an RC shear wall the reinforcement, 
either steel or FRP, should be flexural, shear or confinement and should have corresponding di-
rections at specific locations: vertical concentrated at the extremities, horizontal or diagonal in 
the web, and transversal, respectively. Furthermore the strengthening should address such be-
haviour aspects as strength, stiffness, ductility and energy dissipation. 

The conceptual outline of the research, see Figure 3, is to investigate the seismic performance 
of the precast reinforced concrete walls, assess the weakening effects caused by doorway cut-
outs and reveal the effects of the seismic retrofit by externally bonded carbon FRPs. It is im-
portant that the foregoing analysis can be achieved at three structural levels of complexity, 
namely for a structural element, a building system or for the entire building structure. 
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Figure 3. Conceptual outline of the experimental program.  

4 EXPERIMENTAL PROGRAM 

4.1 Objectives 

The objectives of the experimental research, see Figure 4, were to record the seismic perfor-
mance of the precast large wall panels considering the outrigger effect of adjacent structural 
members, to assess the weakening of doorway cut-outs and to investigate the performance of the 
CFRP-EBR strengthening method. The tests were carried out in the Reinforced Concrete Struc-
tures Laboratory of the Department of Civil and Industrial Buildings, Faculty of Civil Engineer-
ing, “Politehnica” University of Timisoara, Romania during March, 2008 through December, 
2009.  
 

 
Figure 4. The objectives of the experimental program.  

4.2 As-built / cut-out opening matrix 

An outline of the test program can be structured in three levels. The first level is represented by 
a bare solid wall, see Figure 5, which was the reference specimen. The second level comprises 
two bare walls with cut-out openings, which were identical in all aspects with the solid refer-
ence, except the presence of the cut-outs. The difference between the elements of this level was 
the width of the door opening. The third level is composed by two pairs of strengthened speci-
mens, which corresponded in all regards to the second level walls and were additionally retrofit-
ted. Besides the opening size, the difference between the specimens of the third level consisted 
in the state of the walls at the time of retrofitting: after sustaining a number of damaging load 
reversals, the specimens of the second level were upgraded to the third one by repair and post-
damage strengthening, whereas their counterparts were prior-to-damage strengthened. 

The concrete outlines and reinforcing details of the solid reference specimen are depicted in 
Figure 6. The dimensions of the web-panel were 2750 mm length, 2150 mm height and 100 mm 
thickness. The cross-sectional area of the solid web-panel was 2750 cm2 and its aspect (height-
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to-length) ratio was 0.8. Similarly to the original large panels, shear keys were formed along the 
edges of the web-panel to improve the sliding shear resistance. For the same reason larger set-
backs were provided at the panel corners. The wings were composed of a short in-plane connec-
tion zone and a flange perpendicular to the wall plane. Web-panel reinforcement consisted in a 
single curtain composed of a welded wire mesh of ϕ4 mm diameter cold drawn wires at 100 mm 
centres, horizontal deformed bars of 10 mm diameter at 265 mm centres and 2ϕ14 mm diameter 
vertical continuity bars. The flanges of the end-wings were reinforced by spatial cages made of 
4ϕ14 mm longitudinal deformed bars and ϕ8 mm plain transverse hoops at 85 mm centres and a 
ϕ16 mm vertical continuity bar. The web-to-wing connection was realised through anchoring 
the horizontal ϕ10 mm panel-bars into the confined core of the flange. The wall-to-foundation 
anchorage was provided by lap-welding of the 4 vertical continuity re-bars to the starter bars of 
the foundation. The results of the material tests performed on cube samples and steel re-bars are 
shown in Table 1. The hot-rolled OB- and PC-type reinforcement stress-strain relationship is 
ductile response whereas the cold-drawn wires are brittle. 

A comparison line is defined as a series of at least two specimens or tests that are identical in 
all regards except one variable. These lines are set up in order to assess the effect of the investi-
gated variable on the behaviour of the specimens. The present program contains three compari-
son lines, each of them comprising of three tests. The first comparison line was set to assess the 
weakening effect of doorway cut-out. The reference specimen of this line is the solid specimen 
while the variable is the cut-out width. The second and third comparison lines are referred to as 
strengthening effect of CFRP-EBR, with reference specimens being the bare walls with narrow 
and wide door cut-out, respectively and the variable being the strengthening condition. 
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Figure 5. Variables of the experimental program.  
 

    
Figure 6. Concrete outlines and reinforcement. 
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Table 1. Material properties 

Concrete 
Mean cube strength fcm, cube (MPa) 

17.5 (web) 
39 (wing) 

Concrete class C8/10 (web) 

Steel reinforcement 
Yield strength fy (MPa) 

450 (10 mm hot-rolled ribbed) 
618 (4 mm cold-drawn ribbed wire) 

Tensile strength ft (MPa) 
564 (10 mm hot-rolled ribbed) 
667 (4 mm cold-drawn ribbed wire) 

CFRP 

CFRP tensile strength (MPa) 
4100 (S1) 
3900 (S2) 

CFRP tensile strain at break (%) 1.5 
Impregnation resin tensile strength 
(MPa) 

3045 

4.3 Seismic performance vs. shear span conditions 

As presented in Figure 7, three types of boundary conditions can be used in testing, namely can-
tilever, restrained rotation and additional moment. These are the concerted effect of the test set-
up, the loading procedure and the elements adjacent to the wall ends. The present experimental 
program is featuring a restrained rotation type boundary condition for the wall specimens, with 
a series of special traits inside this category. The restrained rotation boundary condition is pro-
moting the shear behaviour as opposed to the flexural one, by reducing the shear span, that is, 
the base moment corresponding to the base shear. The test set-up adopted in the experimental 
program (see Figure 8) is featuring a zero overall base moment trait by the hinged end connec-
tions, although in the case of the specimens with openings there are interior moments possible to 
develop through the wall to base beam interface. The development of the moments is limited in 
both cases by the increasing axial loads, which acts against the vertical tensile forces. Therefore 
it can be stated that the shear span and the shear span ratio is negligible compared with the 
bending moment in the case of the solid wall, while it is slightly greater for the wall piers. The 
exact value is quiet difficult to evaluate, due to the variable axial loads, differences in the an-
chored vertical reinforcement in the two loading directions and the coupling effect of the span-
drel beam. Consequently, shear behaviour is extensively stimulated. 
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Figure 7. Test set-up types and boundary conditions.  
There are two principal shear transfer mechanisms, namely diagonal compression and diago-

nal tension. The third one would be the dowel effect of the kinking vertical reinforcement asso-
ciated to the sliding shear failure. The boundary conditions of the present program eliminates 
the sliding-dowel mode by the construction of the two loading beams through the shear steps 
and the diagonal tension mechanism by the lack of vertical reinforcement anchored to the cap 
beam and by the variable but always in compression axial loads. Consequently, the only mecha-
nism that is permitted is the diagonal compression shear transfer. In these conditions the present 
boundary conditions can be referred to as a subtype of the restrained rotation, namely diagonal 
compression dominated shear transfer. 

Besides the model-to-prototype issue, the question remains to be addressed is the adequacy of 
the adopted boundary conditions to reproduce the as-built real situation during a seismic event. 
The experimental elements are modelling a prototype ground floor wall, part of a large panel 
building. In general the free behaviour of an element may be significantly altered with respect to 
the condition when it is restrained/constrained to interact with other structural members con-
nected to it. The boundary conditions adopted in the experimental program were aimed to re-
produce the outrigger effect, deemed to be of high importance in the behaviour of lateral load 
resisting structural systems. 
 

 

  
Figure 8. Test set-up used in the experimental program and the loading procedure. 
 

This effect was mentioned by Abrams (1991), but it was abandoned and only recently is gain-
ing wider attention. The core idea is that the either of the extremities of a vertical structural 
member is restrained from rotation by the counterbalance exerted by the structural members on 
the uplifting side. This effect can be conveyed by a rigid diaphragm floor or directly through the 
vertical edges from orthogonal walls, the latter being the case for the large panels. The uplifting 
end attracts additional axial loads from the nearby elements to the extent which these axial loads 
are available, for the total amount is finite. It is interesting to note that the dynamic condition 
may increase the available axial loads due to a vertical uplifting acceleration that may be added 
or subtracted from the vertical acceleration of the ground motion. The amount of additional axi-
al load available for a specific lateral load resisting element is a matter of structural system con-
figuration and relative stiffness. 
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5 EXPERIMENTAL RESULTS 

5.1 General commentary on the results 

In Figure 9 the responses were plotted to commensurate load and drift limits along the three 
comparison lines of the experimental program. As presented earlier the first comparison line 
was aimed to assess the weakening effect of the doorway cut-outs. It is impressive the loss of 
load resistance of the specimens with cut-out door with respect to the solid reference. Compari-
son lines 2 and 3 were meant to assess the performance improvement achieved by CFRP-EBR 
strengthening for the narrow and wide door cut-out conditions, respectively. Both lines com-
prised a bare, a post-damage strengthened and a prior-to-damage strengthened wall test of the 
same opening condition. One can remark the increased load and displacement capacity and the 
enlarged hysteresis loops of the strengthened specimens with respect to the bare references.  
 

 
Figure 9. The load-displacement responses arranged along the comparison lines.  

5.2 Weakening caused by cut-out door openings 

The experimental results regarding the weakening effect of the door cut-outs on the seismic re-
sponse of the solid reference wall are presented in Figure 10. The cut-out ratio is a measure of 
the opening size relative to the solid reference wall calculated either as the horizontal cross sec-
tion ratio or as the square root of the in-plane area ratio (peripheral ratio). The performance ratio 
indicates the response characteristic of the weakened specimen normalised to the corresponding 
characteristic of the sound (solid) reference. The proportionality between the performance ratio 
and the cut-out ratio is represented by the dashed line joining the unities of the two axes. One 
can observe that there is experimental evidence on the proportionality between specific perfor-
mance and opening ratios: the strength and stiffness performance ratios are the complement of 
the peripheral ratio, whereas the energy dissipation rate (Demeter, 2011) in performance ratio is 
proportional of the cross sectional ratio. 
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Practicing engineers can use the experimental results to quickly approximate the response 
characteristics of the precast RC walls weakened by doorway cut-outs according to the follow-
ing equations: 

psound
R

weak
R                  (1) 

where 
(R)weak is the response characteristic of the weakened member in terms of shear resistance, ini-

tial stiffness or energy dissipation rate; 
(R)sound is the response characteristic of the sound (solid, as-built) member in terms of shear re-

sistance, initial stiffness or energy dissipation rate; 
p   is the performance ratio. 

Note that expression (1) was derived from the AIJ recommendation (AIJ, 1999, quoted in 
Warashina et al., 2008); however, the AIJ equation is reportedly (Warashina et al., 2008; Taleb, 
2010) applicable only for peripheral opening ratios less than 0.4 and it refers only to the shear 
strength and stiffness. In the present research the above equation was experimentally verified for 
two opening ratios (0.48 and 0.73); in-between these values one can assume linear performance 
ratio-to-peripheral ratio relationship. Moreover, it is important to bear in mind that the relation-
ship given in equation (1) was validated for the specific loading and boundary conditions ap-
plied in the present experimental program (outrigger effect by additional axial loads); further 
investigations are required to widen the loading and boundary conditions range. 
 

 

 
Figure 10. Weakening effect of the cut-out openings.  

5.3 Strengthening attained by CFRP-EBR 

The effect of the FRP-EBR strengthening on the seismic response of the cut-out weakened spec-
imens is presented in Figure 11; the performance ratio indicates the response characteristic of 
the FRP-strengthened specimen normalised to the corresponding characteristic of the cut-out 
weakened bare reference. It can be remarked that the response characteristics were differently 
influenced by the CFRP-EBR strengthening (generally in the range of 0.81.9 performance ra-
tio); outstanding improvement was achieved in terms of energy dissipation. Furthermore, one 
can assess the differences the timing of the strengthening (post-damage or prior-to damage) had 
on the response. Note that the results should be viewed in the light of the concrete strength per-
formance ratio (in the range of 0.622.3) and of the loading and boundary conditions. As re-
gards the contribution of the three components (flexural, shear and confinement) of the FRP 
strengthening to the above performance, it can be concluded that the confinement FRP strips 
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show the most stable response; the shear FRP strips debond in the vicinity of the inclined 
cracks; and the flexural CFRP-strips subjected to alternating tension-compression reversals par-
allel to fibre direction are likely to fail prematurely. In order to assess more clearly the compo-
nents’ contribution further subject-oriented investigations are necessary. 

Practicing engineers can use the experimental results to evaluate the seismic response modifi-
cations which can be expected by CFRP-EBR retrofitting of the cut-out weakened precast con-
crete wall panels. CFRP layouts similar to the ones presented would yield the following results: 
the shear strength increases in average by 25%; the peak drift increases by 50%; the initial stiff-
ness and the energy dissipation rate remain roughly the same; and the cumulative energy dissi-
pation at ultimate increases by 24 times. One should bear in mind that in reversed cyclic appli-
cations the flexural CFRP-EBR is susceptible to premature failure; thus, the author recommends 
a safety factor of 3 for the flexural FRPs. 
 

 

 
Figure 11. Strengthening attained by CFRP-EBR strengthening. 

6 CONCLUSIONS 

Within this study it was shown that in given circumstances the response of the reinforced con-
crete large wall panels is characterized by very high shear resistance and about 10% energy dis-
sipation ratio. The weakening effect of the cut-out opening was found to be in agreement with 
the predictions provided by the AIJ equation (Warashina et al., 2008. The relationship given in 
(1) was experimentally validated for the specific loading and boundary conditions applied in the 
present program; further investigations are required in order to widen the loading and boundary 
conditions range. Regarding the CFRP-EBR strengthening, the experimental results indicated 
that the energy dissipation capacity of the walls retrofitted by this technique increased signifi-
cantly, whereas the other response characteristics were influenced in a smaller degree. This im-
provement of the seismic performance should be attributed primarily to the confinement and 
shear components of the strengthening system. The flexural FRPs were found to be susceptible 
to premature failure; however, it is not clear whether this type of failure is triggered by concrete 
substrate deterioration, i.e. local spalling and crushing, or directly by the adverse loading condi-
tions (tension-compression reversals). 
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1 OPENINGS IN RC SLABS 

1.1 General issues 

Almost without exception, structural RC plates within civil, industrial or agricultural buildings 
have openings, as this is required due to a number of functional reasons. These openings may be 
rather small in order to allow fitting of various pipes (heating, sewage, water supply, rainwater, 
etc.) or may have large sizes, needed for installation of elevators and/or stairs. Most of these 
openings amend the capacity of slabs, the yield lines scheme being changed, as their corners are 
often areas where the cracking and failure phenomenon are initiated. The modified yield lines 
schemes will almost inevitably be ones that characterize lower bearing capacity than the original 
scheme of yield lines (without openings). In contrast, in almost all cases, the total load that the 
slab is subjected to decreases after inserting an opening in that slab, as no loads act onto the area 
of the cut-out. Actually, the magnitude of the total load variation is most of the times directly 
proportional to the opening’s dimensions. 

By overlapping the conditions mentioned previously, from one situation to another, different 
behaviours of the elements result. If two slabs (a homogeneous slab and one with openings) sub-
jected to similar loads, uniformly distributed on their surface are compared, it can be established 
that, depending on a series of parameters, the ultimate capacity (by loaded area unit) can be 
higher for either one of the slabs. 

As mentioned, probably the most important structural parameter, influencing drastically the 
capacity of the slabs, is the size of the openings. Hence, very small gaps do not usually affect 
the overall behaviour of a slab, whilst large ones are crucial for the capacity and stiffness of the 
slabs inside of which they are generated. The dimensions of the openings should always be ana-
lyzed along-side with their position, as this proves to be yet another crucial aspect that influ-
ences the behavior of RC slabs. Considering the moment of their inclusion in the slabs, the 
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openings can be further categorized into initially designed and cut-out openings. 

1.2 Initially designed RC slabs 

When discussing the presence of openings inside RC slabs, and the approach for eliminating 
undesirable effects caused by the presence of small holes, a straightforward method is to place, 
along the edges of the opening, reinforcing bars having an equivalent area to the bars interrupt-
ed by the opening. The issue of initially designed openings in RC slabs is approached by several 
national codes, such as the USA (ACI 318-08) [ACI 318-08:2008], the Swedish (BBK 04) 
[BBK 04:2004] or the Polish one (PN-B-03264) [PN-B-03264:2002] and by some specialists 
works. 

The Swedish Code BBK04 approaches the problem of initially designed openings in uniform-
ly loaded slabs in two distinct ways, varying with the opening’s dimensions related to the slab’s 
geometry. Thus, an opening is considered to be small if its length is less than one third of the 
slab`s shortest side length, otherwise it is considered as large opening. In the case of small open-
ings, the plate is designed as a homogeneous element. Afterwards, bending moments acting on 
the two directions in the central area of the opening are split and added to the moments acting 
along the edges of the respective opening. With this approach, a series of calculation strips 
around the opening are obtained. These strips are parallel to the edges of the opening and their 
width is less than three times the slab’s thickness. The supplemental reinforcement which is 
placed in order to undertake the added efforts developed in the plate due to the opening will be 
embedded in the width of these strips. Graphical representation of this procedure is illustrated in 
Figure 1. 
 

  
 

 
Figure 1. BBK04 method for designing RC slabs with small openings. 
 

The Polish Code PN-B-03264 also provides a series of prescriptions for designing of slabs 
with openings considered in the initial design process. The first difference from the Swedish ap-
proach is that the code limits the maximum edge length of the opening to a quarter of the length 
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of the corresponding side of the slab (parallel side to the edge of the opening). The calculation 
method also shows a different approach from the Swedish code, assuming the design of the 
plate to be the same as for a homogeneous plate, but with the amount of reinforcement missing 
due to the void being distributed around it. In contrast to the Swedish code, it is allowed that the 
added bars placed around the opening to be shorter, but proper anchoring is still required. At the 
same time, the Polish code limits the magnitude of the uniformly distributed load acting on the 
slab’s surface to a value of 10 kN/m2. This code makes no recommendation on the strip width, 
where the additional reinforcement required around the voids should be placed. Recommenda-
tions of the PN-B-03264 code and the steps for the design are illustrated in Figure 2. 
 

 
Figure 2. PN-B-03264 method for designing RC slabs with small openings. 
 

As a general statement, valid for all slabs (beamless or supported on beams), the American 
ACI 318-08 code declares that any type of opening may be designed, if proven by computation 
that the slab will conform with all requirements regarding load bearing capacity and serviceabil-
ity. In order to avoid a cumbersome analysis, the code issues a series of recommendations only 
valid for the beamless slabs (flat plates or flat slabs): 
 1. openings of any size can be designed in the area of intersection of two perpendicular 
field strips, but it is mandatory to keep the entire reinforcing area resulting from the calculations 
for the homogeneous slab; 
 2. in the areas corresponding to an intersection of support strips, no more than an eighth 
of the strip width that can be disrupted by an opening. An amount of reinforcement equivalent 
to the one discontinued by hole will be added to the plate, along the opening’s sides; 
 3. in the area corresponding to an intersection between a support strip and a field strip, no 
more than a quarter of each strip reinforcement will be interrupted by openings. Equivalent 
amounts of reinforcement to those interrupted by the presence of the openings will be placed 
along its edges. 

A common feature of all three recommendations stated above consists in the mandatory lay-
out of the entire reinforcing area, as it results from calculation of the homogeneous panel, on the 
element with cut-out by placing reinforcement bars of equivalent area around the edges of the 
opening. These recommendations are presented graphically in Figure 3 and are valid for the sit-
uation where L2 ≥ L1. 

Another method for design of two-way slabs with openings is to consider the slab divided in-
to a number of slab-panels. All these panels are supported on three sides, as shown in Figure 4. 
Thus, it is considered that the panels 2 and 3 rest on the panels 1 and 4, the reactions on the x di-
rection sides of the panels 2 and 3 becoming distributed loads applied on the free edges of pan-
els 1 and 4. 
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Figure 3. ACI 318 recommendations on the position and sizes of openings for beamless slabs. 
 

 
Figure 4. Approach for designing of slabs with large openings. 

1.3 Cut-out openings inside RC slabs 

As any intervention work on structural elements, "cutting openings in existing slabs should be 
approached with caution and avoided if possible". Normally, structural engineers should have a 
strong say in sizing of cut-outs and in choosing their location. Therefore, knowledge of recom-
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mended areas in order to limit the adverse effects arising from the establishment of cut-outs is 
imperative. [Newman, 2001]. 

Since the size and location of cut-out openings in RC slabs is clearly a matter of slabs’ struc-
tural behavior, it is obvious that the issue may be approached differently for one-way slabs and 
two-way slabs. 

Usually, one-way RC slabs are part of floors with multiple spans, the slab being structurally 
continuous. This continuity is on one hand beneficial, as it allows some bending moment redis-
tribution. For example, a plate weakened by creating a mid-span cut-out has reduced flexural 
capacity in this area, but may be acceptable when there are reserves of bearing capacity in the 
support areas. On the other hand, due to continuity, inserting of larger cut-outs may disrupt the 
structural balance of the plate. [Newman, 2001]. 

In order to determine the most suitable location for creating cut-out openings, the structural 
engineer should have detailed knowledge on plate`s characteristics (most of all: reinforcement 
pattern). Then, by calculation, it has to establish, which reinforcement is determined for the 
overall slab bearing capacity limit (the upper reinforcement at the supports or the bottom rein-
forcement between supports). In situations that the amount of inferior reinforcement in the mid-
span is inadequate, it is strongly recommended for the cut-out to be inserted in the vicinity of 
support area (e.g. Figure 5 - cut-out 1). Similarly, insufficient superior reinforcement at the sup-
ports is a sign that cut-outs should be inserted close to the mid-span (e.g. Figure 5 - cut-outs 2 
and 3). As mentioned previously, another important parameter is the orientation of the cut-out. 
Accordingly, a cut-out with its long edge parallel to the short side of the span (e.g. Figure 5 - 
cut-out 2) cuts off less rebar than one with its long edge parallel to the long side of the mesh 
plate (e.g. Figure 5 - cut-outs 1 and 3). 
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Figure 5. Provisions related to the position and orientation of cut-outs inside one-way slabs. 
 

In the case of two-way slabs, there are a series of guidelines and recommendations that may 
be used, at least in a groundwork evaluation phase, for determining the optimal location of the 
cut-out. In order to establish if, in an explicit situation, strengthening/retrofitting interventions 
are required due to insertion of a cut-out in a slab, the recommendations proposed by Newman 
A. [Newman, 2001] are quite suitable. These recommendations are graphically illustrated in 
Figure 6 for slabs resting on contour beams and for flat slabs and flat plates. The procedure that 
leads to this is similar as that used for dividing flat slabs into field and support strips, leading to 
three kinds of areas, marked with digits 1 to 3. Area numbering indicates the preference for cre-
ating cutouts, 1 - the most recommended, 3 - the least recommended. 

The preference is also related to the allowed dimensions of the cut-outs, without the need of 
strengthening/retrofitting interventions to be applied. Clearly, larger cut-outs are allowed inside 
areas marked with 1 while smaller dimensions of cut-outs are allowed inside areas marked with 
3. 

For slabs resting on contour beams, in the support strips intersection area (type 1), there can 
be created cut-outs sized up to a quarter of the span, of course, keeping the beams intact. These 
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corner areas are subjected mainly to shear, which usually is not an issue in terms of the capacity 
of such items. In areas of type 2, obtained by the intersection of a support strip with a field strip, 
creating cut-outs is less desirable, a beam design verification being mandatory in order to de-
termine whether they were designed or not as T beams. Area resulting from the intersection of 
two field strips (type 3) is the least convenient for cut-outs creation, but even in this area, square 
cut-outs, sized smaller than one-eighth of the span, can usually be created without any strength-
ening [Newman, 2001]. Cut-outs exceeding those limits require detailed analysis. Naturally, for 
slabs resting on contour beams it is better to avoid creating of an opening as large as the entire 
slab panel, a certain width all around the panel has to be kept in order to provide appropriate an-
chorage for the upper reinforcement in the adjacent panels. By removal of an entire panel, adja-
cent beams will be subjected to torsion that has not been initially assessed. When removal of an 
entire panel is required, retrofitting works for beams and adjacent panels are usually needed. 

For flat slabs and flat plates, the situation reverses, as detailing these kinds of slabs is usually 
ruled by the shear capacity of the slab in areas around the columns. For this reason, cut-outs 
larger than 300 mm should not be cut in areas resulted at the intersection of support strips (type 
3). Type 2 areas, resulted from the intersection of a field strip with a support one, are more suit-
able for creating cut-outs. In these areas, cut-outs not exceeding 15% of the span can be created 
with no need of strengthening interventions. The most recommended area to create cut-outs lays 
at the intersection of field strips (type 1). According to some specialists [Newman, 2001] this 
area can be completely removed, without generating adverse effects, since it would just decrease 
the load on the slab. 
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Figure 6. Provisions related to the position and orientation of cut-outs inside one-way slabs. 

2 EXPERIMENTAL PROGRAM 

The experimental program reported within this paper consisted in testing four reinforced con-
crete two-way slabs up to complete failure. The elements were large scale ones, prismatic, rec-
tangular in plane, having dimensions of 2650x3950x120 mm. The first specimen (denoted RCS-
FS-01) was a full slab, serving as reference. In each of the other three elements a different shape 
of cut-out was sawn-in. The second slab, denoted RCS-RSC-01 (Reinforced Concrete Slab-
Rectangular Small Cut-out), had a small rectangular cut-out inserted into one of its corners. Into 
the third and fourth slabs, denoted RCS-RLC-01 and RCS-RLC-02 (standing for Reinforced 
Concrete Slab-Rectangular Large Cut-out) a large rectangular cut-out was positioned on an en-
tire width of these slabs. 

The philosophy behind the experimental program was to test all elements in their bare state 
up to a stage that would assume the need of retrofitting interventions. For all of the slabs, this 
stage was considered as the maximum allowable deflection (L/250=2400/250=9.60 mm) accord-
ing to EN 1992-1-1 [EN 1992-1-1, 2004]. As this limitation was reached, the test was stopped. 
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These tests were denoted RCS-FS-UU-01, RCS-RSC-UU-01, RCS-RLC-UU-01 and RCS-RLC-
UU-02. Afterwards, a mixed retrofitting solution, combining both near surface mounted 
(NSMR-FRP) and externally bonded (EBR-FRP) techniques was applied. Finally the retrofitted 
elements were tested up to their complete failure. The tests on retrofitted specimens were denot-
ed RCS-FS-DS-01, RCS-RSC-DS-01, RCS-RLC-DS-01 and RCS-RLC-DS-02. Actually, the 
most important objective of the program is to verify the design strengthening solution in respect 
to its capacity to restore the strength and stiffness for the elements with cut-out in comparison to 
that of the full slab. The geometrical characteristics of the experimental elements are presented 
in Figure 8 and Figure 9. 

The specimens were placed in horizontal position, resting on a series of RC elements. The in-
terface at the support was provided by a fresh layer of mortar, the elements settling in horizontal 
position under own weight. This type of simple support blocked gravitational displacements; 
still it allowed the corners and edges of the elements to uplift. The load was applied gravitation-
ally as it was distributed over a central pad of 1200x600 mm. The load was placed in the center 
of the full slab, this position being maintained throughout all eight tests; even if asymmetrical, it 
provided an un-conservative type of loading even for the slabs with cut-outs. A global view of 
the test setup is presented in Figure 7, along with a transversal cross-section through it. 
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Figure 7. Test set-up. 
 

The slabs were reinforced with steel welded wire meshes at the inferior side (4 mm in diame-
ter with spacing of 100 mm) and with steel rebar at the superior one (6 mm and 10 mm bars). 
The bars in the steel welded wire meshes had average yield strength between 537 N/mm2 and 
597 N/mm2. The inferior reinforcement was laid on the entire surface of the slab, while the su-
perior one was placed only along the edges. Since the reproduced situations involved simple 
supported slabs, the superior reinforcement was designed mainly due to constructive reasons. 
Based on laboratory tests on samples, it was evaluated that the elements were cast using con-
crete with cubic compressive strength of 65 MPa (N/mm2). 

3 DESIGN OF STRENGTHENING/RETROFITTING SYSTEM 

All of the slabs are tested in bare state, up to the level at which inferior reinforcement on the 
short direction reaches its yield strength. Thus, considering that this reinforcement has reached 
its capacity, the slab would have to be retrofitted. The required amount of CFRP is determined 
analytically. For the full slab, the tensile force that would have been undertaken by the steel re-
inforcement (that is now yielded) is equalized with the tensile force that will be undertaken by 
the CFRP. For the elements with cut-outs, the CFRP strengthening material will be placed 
around the cut-out. The amount of CFRP is determined analytically by equalizing the tensile 
force that would have been undertook by the steel reinforcement eliminated by creating the cut-
out, with the tensile force that will be undertook by the FRP. 
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In the above formula, the strain in CFRP composite is limited to 0.8%, this value being ac-

cepted limit for elements subjected to flexure, according to the strain limitation approach as pre-
sented in fib bulletin 14 [fib Bulletin 14]. This value is much lower than the ultimate strain pro-
vided by the producers, being considered the value at which composite action is lost due to 
premature failure. For strengthening, it was decided to use CFRP lamellas that have a modulus 
of elasticity of 165000 MPa and a thickness of 1.2 mm and also CFRP sheets that have a modu-
lus of elasticity of 230000 MPa and a thickness of 0.12 mm. In the direction parallel to the short 
edges of the slabs it was decided to use the NSMR-FRP technique and in the direction parallel 
to the long edges the EBR-FRP technique. 

In Figure 8 and Figure 9, the lay-up of CFRP composites for all of the tested slabs is depict-
ed. As it can be observed in these figures, for the last two slabs (RCS-RLC-01 and RCS-RLC-
02) that have the same geometry, the strengthening/retrofitting approach is different, as the 
goals were quite different. In the case of slab RCS-RLC-01 only retrofitting interventions were 
applied, as these were meant to restore the initial capacity of the slab. Thus, the CFRP elements 
were applied only around the long edge of the cut-out. However, for the RCS-RLC-02 slab the 
objective was to generate an increase of the capacity; this goal was attained by applying 
strengthening materials on the entire inferior surface of the slab. 
 

12
0

50 1600960

45

50 45

40

39
50

2650

125 2400 125

5 NSMR-CFRP
1.20x10...2400 mm

1 
EB

R
-C

FR
P 

la
m

in
at

e
50

x1
.2

0.
..

37
00

 m
m

EB01

NSM01

NSM05
NSM03 60

NSM02
NSM04

12
5

12
5

37
00

32
0

cut-out
960x1540 mm

280280
100

280
100 100

280
100

280
100100

35
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

25
0

35
0

325325

6 
EB

-C
FR

P 
sh

ee
ts

10
0x

0.
12

..
.3

70
0 

m
m

39
50

2650

14 NSMR-CFRP
1.20x10...2000 mm

NSM01

NSM02

NSM03

NSM04

NSM05

NSM06

NSM07

NSM08

NSM09

NSM10

NSM11

NSM12

NSM13

NSM14

EB01 EB02 EB03 EB04 EB05 EB06

12
5

12
5

37
00

325 2000 325

 
Figure 8. Geometry and lay-out of CFRP composites for the RCS-FS-01 and RCS-RSC-01 slabs. 
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Figure 9. Geometry and lay-out of CFRP composites for the RCS-RLC-01 and RCS-RLC-02 slabs. 

4 BEHAVIOR OF BARE ELEMENTS 

One of the most important features of the behavior is the small number of cracks that have 
opened. The crack pattern indicates a larger stress in the area around the cut-outs, these areas 
being the initiation point of all the cracks. 

In the case of the slab RCS-FS-UU-01, four cracks appeared in the direction of the yield 
lines, at inclinations of 36°, 44°, 52° and 56°. For all of the other tests, a longitudinal crack of 
quasi-central direction was the first to appear, followed by inclined cracks, at various angles 
ranging from 30° to 73°. The maximum load level reached during the RCS-FS-UU-01 test was 
118.25 kN. Past this value, the strain in numerous reinforcement bars has reached yielding point 
and the vertical mid-span displacement has past the maximum allowable deflection as provided 
by EN 1992-1-1 (L/250=2400/250=9.60 mm). Moreover, deflection continued to increase with-
out a substantial increase of load. During the test, the maximum vertical mid-span displacement 
had a value of 10.28 mm. 

The maximum load level reached during the RCS-RSC-UU-01 test was 87 kN while the max-
imum vertical displacement had a value of 11.36 mm, being larger than the maximum allowable 
deflection. The first crack (the one quasi-parallel to the long side of the slab) was visible at a 
load of 60 kN. 

During RCS-RLC-UU-01 test the maximum recorded load level was 74.5 kN while the max-
imum vertical displacement had a value of 9.59 mm. The first crack (again the one quasi-
parallel to the long side of the slab) was visible at a load of 55 kN. In total, three cracks ap-
peared. For the RCS-RLC-UU-02 test the maximum recorded load level was 66.75 kN while the 
maximum vertical displacement had a value of 8.88 mm. 

All of the load-displacement diagrams are presented in Figure 12 together with the behavior 
of the retrofitted elements. 

5 BEHAVIOR OF STRENGTHENED/RETROFITTED ELEMENTS 

The RCS-FS-DS-01 reached a maximum load of 185.5 kN that corresponds to a vertical mid-
span deflection of 50 mm. After this level, the deflection increased while the load diminished. 
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The RCS-RSC-DS-01 test reached a maximum load of 85.75 kN at a central deflection of 27 
mm. Maximum deflection was of 33 mm. The RCS-RLC-DS-01 test reached a maximum load 
of 74.75 kN at a central deflection of 8 mm. Maximum deflection was of 87 mm. The RCS-
RLC-DS-02 test reached a maximum load of 147.25 kN at a central deflection of 63.15 mm. 
Maximum deflection was of 84.13 mm. All of the load-displacement diagrams are presented in 
Figure 12 while the final crack patterns at the inferior side of all slabs are presented in Figure 
10. 
 

 
 
Figure 10. Final crack patterns at the inferior side of all slabs superposed with the 
CFRP strengthening components. 
 

The strain gauges mounted on CFRP provided some information regarding the way the 
NSMR-FRP and EB-FRP work. For the RCS-FS-DS-01 slab, nine strain gauges were mounted 
on CFRP, five of them on NSMR and four of them on EB-FRP. Three of the gauges mounted 
on NSMR-FRP were placed on the same strip, at various distances from the center of slab. 
Gauge G-F-01 was mounted right in the center and starting from the center towards the long 
edges, G-F-02 and G-F-03 were placed at 450 mm and 900 mm respectively. The values of the 
maximum strain recorded in all of the three gauges are presented in Figure 11 (left). For the 
RCS-RSC-DS-01 slab seven strain gauges were mounted, four on the NSMR-FRP strips and 
three on the EB-FRP lamella. Three of the gauges mounted on NSMR-FRP were placed on the 
same strip (on the strip that was nearest to the edge of the cut-out). Gauge G-F-01 was placed 
near the corner of the cut-out while G-F-02 and G-F-03 were positioned at 300 and 550 mm re-
spectively, to the left. The principal crack, highlighted in Figure 10 occurred at a very small dis-
tance from the gauge G-F-01, this gauge recording the highest strain of all three gauges. The 
values of the maximum strain recorded with each gauges are presented in Figure 11 (right). 
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Figure 11. Maximum strain recorded by gauges at various positions. 

 
The variation of the strain in gauges mounted on strips, sheets or lamellas also give some in-

dications regarding development and anchorage length. 
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Figure 12. Load-displacement diagrams recorded during all eight tests. 
 

The tests proved that after applying the strengthening solutions, an increase of the ultimate 
bearing capacity by approximately 57% and 121% was obtained for tests RCS-FS-DS-01 and 
RCS-RLC-DS-02 comparatively to the capacity of corresponding bare elements (tests RCS-FS-
UU-01 and RCS-RLC-UU-02 respectively). Furthermore, by strengthening, slab RCS-RLC-02 
gains a capacity that is even higher than that of the bare full slab (test RCS-FS-UU-01). Since 
one of the objectives of the study was to apply CFRP based strengthening solutions that would 
lead to an increase of the capacity for the slabs with cut-outs up to the level of the bare full slab, 
it can be stated that the objective may be easily fulfilled. For the retrofitted elements (tests RCS-
RSC-DS-01 and RCS-RLC-DS-01) no increase in ultimate capacity was recorded, the capacity 
being only restored (again according to the assumed objectives). 

In some situations, it is also very important to assess the behavior of specimens at the level 
corresponding to Service Limit State (SLS). This state was only accounted for in terms of dis-
placement, being established based on the deflection limitation, according to EN 1992-1-1 
(L/250=2400/250=9.60 mm) [EN 1992-1-1, 2004], where “L” represents the clear span of the 
shorter in-plane dimension of the slab. Still, the maximum vertical displacement was not record-
ed during all tests at the center of the slab (e.g. for the slabs with cut-out, in most situation the 
maximum vertical displacement is recorded at the corner or along the edge of the opening). 
Thus, as the tests on bare elements are ended at the moment that maximum vertical displace-
ment reaches control displacement value, in some situations, the central displacement has values 
below 9.60 mm. In order to compare corresponding capacities, it was decided that for all slabs, 
the comparison at S.L.S. to be completed at a value of 8.04 mm, as this was the minimum value 
of all central displacements that correspond to reaching SLS for all elements. 

6 CONCLUSIONS 

One can consider as a general characteristic of all the four slabs, the fact that the goal of the in-
terventions is achieved, as they prove a regain or an increase in the capacity, after applying the 
strengthening/retrofitting solution. By applying the retrofitting systems, the capacity of the 
RCS-RSC-01 and RCS-RLC-01 slabs was restored. The amount of CFRP laid-up around the 
cut-outs was however insufficient for increasing the bearing capacity of the slabs. 
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Another important aspect in the behavior of the slabs and of the strengthening/retrofitting 
system is the fact that all of the CFRP components have failed due to fiber rupture, the only sit-
uation in which premature debonding had occurred was related to the failure of the laminate 
mounted by EBR-FRP on the RCS-RSC-01 slab. 

The crack patterns of all tested elements show a greater concentration of cracks for the retro-
fitted elements in comparison with the reference bare elements, suggesting a more favorable be-
havior in terms of crack opening. The crack patterns indicate that the failure mode is upon yield 
lines for the bare elements and upon smeared cracks (“spider shape”) for the retrofitted ones. 

The failure of CFRP components by fiber rupture along with the crack patterns, have proved 
the effectiveness of the strengthening solution. 
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1 INTRODUCTION 
 
As shown by various studies (e.g. CIOB, 2008), the building sector, including transportation of 
materials is responsible for more than half of total carbon dioxide and global warming gas emis-
sions. Changing the point of view, this can also be understood as “The building and construc-
tion industries, and the processes that create, modify and remove built structures, and, the 
whole-of-life operation of those facilities represent half of our opportunity to resolve today’s 
climate challenge” (UIA, 2008). 

Thus, the construction industry plays a key-role in the accomplishment of a sustainable envi-
ronment. However, according to Chartered Institute of Buildings, only 5% of the energy gener-
ated is used for construction of buildings while 45% is used to power and maintain them. This 
can be exemplified by Fig. 1, in which is represented the global environmental impact (ex-
pressed in eco-points) of construction materials used in the construction and maintenance of the 
building in regard to the “consumable goods” (electric power, gas and water) estimated for the 
building life-time (Ciutina et al., 2011). The example is made for a house that meets the present 
conditions for thermal insulation of envelope. 

In fact the ratio between the maintenance and the embodied energy is different from building 
to building, and depends on various parameters such as building destination, use time of the 
building, envelope materials, real service-life of building etc. 

It is obvious that using efficient construction materials in the construction phase, the global 
environmental impact of the building will be significantly smaller though the impact of the con-
struction materials is higher. Adjusting further the maintenance energy one can speak about sus-
tainable buildings, such as low-energy building, passive, zero energy or autonomous house. The 
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ABSTRACT: The paper presents aspects related to the decisional choice in the retrofitting of 
residential buildings. The statistical data offered in the first part gives information on the exist-
ing Romanian building stock stressing the need for thermal retrofitting. The second part is de-
voted to retrofitting strategy. The choice of retrofitting solution should be based on an initial 
evaluation through an integrated analysis. In an integrated design strategy, the retrofitting pro-
cess is based on a multi-criteria analysis, assessing all the issues that may interfere. In case of 
thermal rehabilitation of existing buildings at least the technical, structural and economical as-
pects should be considered in a sustainable assessment. In consequence, a global methodology 
could be conceived following the basic steps for construction: evaluation – design – construc-
tion. The sustainability should be considered as an additional parameter in the design and con-
structional phase. The paper presents several solutions for thermal retrofitting of existing con-
crete residential buildings. The retrofitting choice will be discussed according to three 
decisional solutions: (i) single indicator solution, (ii) multi-axial representation and (iii) the 
characterization factor method. 
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term “integrated design” is often used to nominate the design of buildings to take into consider-
ation the environmental and social impact. 
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Figure 1. Environmental impact for a building: embodied energy vs. 
maintenance energy (Ciutina et al., 2011). 
 

Generally, the concept of sustainable buildings is more difficult to be reached in case of old 
buildings, due to the restrictions imposed by existent building conditions. In these cases, the 
sustainable retrofitting should adjust the initial conditions of a structure in order to fulfil new 
regulations and requirements. 

As in almost all Eastern European countries, a large part of the Romanian built stock is af-
fected by thermal inefficiency of envelope, which leads not only to high operational costs and 
energy demands but also to human discomfort (as a social parameter) during high and low tem-
peratures in summer and winter respectively. In these circumstances thermal retrofitting of old 
buildings became a necessity. 

2 RESIDENTIAL BUILDINGS IN ROMANIA 

Table 1 presents condensed data resulted from the national census in 2003 (INSSE, 2003) re-
garding the population and buildings. It results very clearly the fact that less than 2% of build-
ings – collective block of flats – host more than one third of the Romanian population. Most of 
these 83799 buildings were erected in the 1960-1990 period and have the resistance structure in 
concrete (57431 units). 
 
Table 1. Existing building stock (INSSE, 2003) 
Type Individual buildings

(dwellings) 
Coupled 
buildings

Block of flats
(apartment houses)

TOTAL 

Number 4 605 412 129 893 83 799 4 819 104 
Percentage 95.27% 2.69% 1.73% 100% 
Population cov-
ered 

12 497 000 953 000 7 821 000 21 271 000 

 
The major part of expertise working performed at structural level revealed the fact that from 

the resistance point of view, the block buildings satisfy in a large majority the actual normative 
requirements (both Eurocode and national norms). It is to be mentioned the fact that the Roma-
nian territory is a seismic zone and several seismic events were recorded during time (e.g. 1977, 
1986 and 1991). Minor structural problems are recorded however in the joints of concrete pre-
cast panels, due to bad execution and/or ageing. 
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Nevertheless, the main problem of these types of buildings is the low thermal efficiency of 
their envelopes. Taking into account that Romania has predominantly a continental climate, this 
issue lead to human discomfort during cold and warm seasons, as well as to large amount of en-
ergy dissipation. 

Table 2 shows the principal typologies of walls, with their description, benefits and draw-
backs. The main types of wall systems were using the following resistance typologies: 

- Resistance walls in plain brick masonry. Masonry with vertical hollows and stanchions 
since 1980s; 

- Concrete diaphragms plated with different types of thermo-insulation (aerated concrete 
blocks / mineral wool); 

- Reinforced concrete frames with in-fill walls: masonry of plain bricks, bricks with verti-
cal hollows or aerated concrete blocks. 

The R0,ef value presented in Table 2 represents the thermal resistances to heat flow, expressed 
in [m2K/W] units. This is computed as the sum of thermal resistances to heat flow of all wall 
layers (exterior to interior). 

A very important change in thermal insulation of buildings was performed in 1984, when at 
the national level it was imposed an energy saving programme and the solutions adopted for 
buildings were changed. This year represent also a turning point in the Romanian standards re-
garding thermal insulation (Dan et al., 2007). 
 
Table 2. Design details and characteristics of wall typologies between 1960 and 1994 
YR Typology Description BENEFITS (+) DRAWBACKS (–) 

19
60

-1
98

4 

brick
masonry

37,5 cm  

1. Exterior plastering 
2. Masonry plain bricks 

of 37.5 cm / bricks 
with vertical hollows 
30cm 

3. Interior plastering 

- fire resistance: good be-
haviour 

- vertical diaphragm ac-
tion: good behaviour if 
the masonry correctly 
executed 

- thermo-insulation: very 
low 

- R0,ef=0.57 / 0.54 m2K/W 

- prone to thermal-
bridging 

- local deterioration due 
to humidity 

- environmental impact: 
preliminary studies 
indicate very high en-
vironmental impact 
due to heat loss 

reinforced
concrete

27 cm

5 12.5 9.5

AAC

 

1. Exterior plastering 
2. 1st layer reinforced 

concrete 5cm 
3. Plain aerated con-

crete masonry 12.5 
cm 

4. 2nd layer reinforced 
concrete 9.5cm 

5. Interior plastering 

- fire resistance: good be-
haviour 

- vertical diaphragm ac-
tion: good response 

- thermo-insulation: very 
low 

- R0,ef=0.57 m2K/W 

- prone to thermal-
bridging 

- local damages in bad 
executed joints 

- environmental impact: 
preliminary studies 
indicate very high en-
vironmental impact 
due to heat loss 

reinforced
concrete

mineral
wool

7 8 12  

1. Exterior plastering 
2. 1st layer reinforced 

concrete  
3. Mineral wool 
4. 2nd layer reinforced 

concrete  
5. Interior plastering 

- fire resistance: good be-
haviour 

- vertical diaphragm ac-
tion: good response 

- thermo-insulation: very 
low 

- R0,ef=0.93 m2K/W 

- local damages in bad 
executed joints  

- environmental impact: 
preliminary studies 
indicate high envi-
ronmental impact 

 

Autoclaved
aerated
concrete

25 cm  

1. Exterior plastering 
2. Plain aerated con-

crete masonry 25 cm
3. Interior plastering 

- fire resistance: good be-
haviour 

- resistance: assured 
through frame behaviour

- thermo-insulation: very 
low 

- R0,ef=0.68 m2K/W 

- prone to thermal-
bridging 

- local deterioration due 
to humidity 

- environmental impact: 
very high due to heat 
loss 
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Table 2. Design details and characteristics of wall typologies between 1960 and 1994 (contin.) 

19
84

-1
99

4 
AAC

masonry

35 cm  

1. Exterior plastering 
2. Plain aerated con-

crete masonry 35/45 
cm 

3. Interior plastering  

- fire resistance: good be-
haviour 

- resistance: assured 
through frame behaviour

- thermo-insulation: fair 
- R0,ef=1.84/2.43 m2K/W  

- prone to thermal-
bridging 

- local deterioration due 
to humidity 

- environmental impact: 
fair  

brick
masonry

45 cm

15 30

AAC

1. Exterior plastering 
2. Plain aerated con-

crete masonry 15/45 
cm 

3. Masonry plain bricks 
of 30 cm  

4. Interior plastering 

- fire resistance: good be-
haviour 

- vertical diaphragm ac-
tion: good behaviour if 
the masonry correctly 
executed 

- thermo-insulation: low 
- R0,ef=1.38 m2K/W 

- prone to thermal-
bridging 

- local deterioration due 
to humidity 

- environmental impact: 
high environmental 
impact due to heat 
loss 

30 cm

2.5 8 7.5 12

reinforced
concrete

mineral
wool

AAC

 

1. Exterior plastering 
2. Mineral wool 
3. Plain aerated con-

crete masonry  
4. Reinforced concrete 

- fire resistance: good be-
haviour 

- vertical diaphragm ac-
tion: good behaviour 

- thermo-insulation: fair 
- R0,ef=1.63 m2K/W 

- prone to thermal-
bridging 

- local damages in bad 
executed joints 

- environmental impact: 
low due to heat loss 
through wall joints 

AAC

reinforced
concrete

20 15

1. Exterior plastering 
2. Mineral wool 
3. Plain aerated con-

crete masonry  
4. Reinforced concrete  
 

- fire resistance: good be-
haviour 

- vertical diaphragm ac-
tion: good behaviour 

- thermo-insulation: fair 
- R0,ef=1.61 m2K/W 
 

- prone to thermal-
bridging 

- local damages in bad 
executed joints 

- environmental impact: 
low due to heat loss 
through wall joints 

 
The first Romanian normative requirements regarding heat transfer were given in 1960s for 

exterior walls, flat roofs and floors over basement. Table 3 presents briefly the variation in re-
quired thermal resistance of building envelope elements. 

During the last 50 years the R values have been changed more than forty times in new and 
changed issues of national standards, but always increasing values were required. Thus, the heat 
transfer requirement increased 2.5 times for external walls, 5 times for flat roofs and 3.5 times 
for floors and basements. Unfortunately the changes in the heat transfer requirements were not 
followed by the up-dating of the envelopes of the existing building stock. This is in fact the 
main reason of having in present a very large building stock that do not fulfil the actual norms 
regarding the heat flow transfer. 

In year 2000, the Romanian government issued an Order (29/2000) regarding the thermal re-
habilitation of the existing buildings and stimulation of energy saving. Its first purpose is the 
improvement of hygienic and thermal comfort of inhabitants, decrease of heat flow and energy 
loss. Although it is based on a very interesting financial support from the state (50%) the pro-
gram has made only shy steps up to now in real implementation. 
 
Table 3. Romanian normative requirements for thermal resistance of envelope elements (values in 
m2K/W) 

Year Standard Ext. walls Flat roofs Floor/basement
1962 6472-61 0.76 0.96 0.82
1984 NP15-84 1.20 1.55 1.08
1997 C107/3-1997 1.09 1.46 1.25
2010 C107/3-2010 1.80 5.00 2.90

Various studies (Dan et al., 2007, Botici et al., 2012) have concluded that the living condi-
tions in such buildings are under the actual standards requirements. Several problems were iden-
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tified, such as small usable area, high density (greater than one person per room), inadequate 
sanitary conditions, high urban densities in neighborhoods etc. Many of these problems can be 
resolved by coupling of adjacent apartments and/or creation of extra-spaces through over-
roofing. Among the principal problems related to collective buildings, the thermal comfort plays 
an important aspect. 

The usual stratifications used in collective residential buildings (see Table 3) are far from as-
suring the actual thermal resistance requirements. It results that in many cases the existing layers 
can assure at most half of the required thermal resistance. Moreover, the thermal insulation layer 
is in many cases out-dated or damaged due to ageing. 

In consequence, an integrated design (ID) for retrofitting such structures should include as a 
necessity the thermal upgrading of exterior walls. The compatibility of the thermal retrofitting 
solution with the existing structure must be assured. 

3 INTEGRATED DESIGN OF BUILDINGS 

The aim of the Integrated Design (ID) of buildings is to incorporate in usual architectural, struc-
tural and technical design additional requirements related to sustainability. Hence, the ID of 
buildings maximizes the overall life-cycle response through structural, economic and environ-
mental performances. The way in which the social (structural, comfort, architectural etc.), eco-
nomic and environmental performances are assessed is rather a complicated matter due to the 
complex definition of a building, but, nevertheless, in literature it is largely accepted that ID of 
buildings is characterized by the following key attributes (Landolfo, 2012): 

- it is a methodology oriented on the Life-Cycle Approach (LCA); 
- the ID represents a multi-performance based design approach; 
- the evaluation of safety and serviceability, durability, life-cycle costs and environmental 

impact is based on quantitative design procedure. 

The main problem in performing an ID based on LCA is related to the long-life period of 
buildings in comparison with other products. The difficulties arise due to the uncertainties oc-
curred during the use period and end-of-life. 

The ID of existing buildings is even more complicated due to the restrictions imposed by the 
existent building conditions. The sustainable retrofitting solutions should be adapted to the ini-
tial conditions of structures and adjust them in order to fulfil the updated regulations and re-
quirements (Ungureanu et al., 2012). As a consequence, the modern design regulations for 
structural and thermal retrofitting of buildings integrate new concepts in the evaluation and de-
sign of buildings: design performance objectives, acceptance criteria linked to performance lev-
el, sustainability issues and analytical techniques for performance assessment. The rating sys-
tems (LEEDS, BREAM, SBTOOL etc.) could offer a measure of building performance both 
prior and post-retrofitting. However in case of existent buildings an ID solution should integrate 
both structural and thermal resistance aspects. It is obvious that independent interventions are 
deficient. An integrated retrofitting solution should be based on the following basic criteria 
(adapted after Dubina et al., 2008) – other specific criteria can be added in function of the speci-
ficity of the project: 
A. Structural aspects: 

- Capability to achieve requested structural performance objective (only after building 
structural evaluation); 

- Solution compatibility with the actual structural system; 
- Adaptability to change of design actions (including seismic if necessary); 
- Adaptability to change of building partitioning. 

B. Technical and comfort aspects: 
- Reversibility of intervention; 
- Durability; 
- Operational; 
- Comfort (thermal, phonic, space); 
- Functionally and aesthetically compatible and complementary to the existing building; 
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- Technical support (Codification, Recommendations, Technical rules); 
- Availability of material/device; 
- Quality control. 

C. Economic aspects: 
- Costs (Material/Fabrication, Transportation, Erection, Installation, Maintenance, Prepar-

atory works). 
D. Environmental aspects: 

- Measures to lower the operational energy; 
- Use of ecological and friendly materials. 
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Figure 2. Integrated design in retrofitting of buildings: conceptual flow. 

 
Figure 2 shows the conceptual flow in building retrofitting by considering the ID strategy. It 

represents in fact an iterative process in which the evaluation, design and construction phases 
should be considered for the achievement of the desired performance level. The aspects related 
to structural safety, comfort and sustainability should be considered in each step and judged as 
margins of safety through which the interventions should be considered. 

The evaluation phase has rather a decisional purpose, based on satisfaction of acceptability 
criteria considered for comfort and safety. The thermal and/or structural retrofitting decision re-
lies on specific engineering analyses and sustainability indicators. 

The design phase should consider an ID approach in which a mechanical, physical and func-
tional compatibility should coexist with the existent system: structure, envelope, internal parti-
tioning and installations. The sustainable indicators should be considered as filters in the deci-
sional matrix. 

The basic purpose of retrofitting is the execution phase. By considering an ID approach, the 
execution should be closely linked with the design process. The continuous quality assurance 
process which normally includes designers should prove the conformity of the erection with the 
project, while the non-applicable procedures should be noticed to designers for design reviews. 
After erection the retrofitted buildings must be maintained through repairing, renovation or res-
torations. 
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4 RETROFITTING SOLUTIONS 

Figure 3 shows eight solutions used for thermal retrofitting the concrete external walls through 
external over-cladding. The original stratification chosen as case-study in the present paper is 
type II, according to Table 2, which corresponds to the T770 collective building standardized 
project, built in the 1975-1985 period. The solutions name is given by the insulation material 
used or by the name of the company offering the integrating solution. 
 

Solution 1 – “Polystyrene Solution 5 – “Rigid foam” 

4

3

2

1

new old

10 22 11

6

5

 

 
1. Exterior plastering 
2. Glass fibre wire lattice 
3. Fixing screws (steel screws 
and plastic fixings) 
5. Thermal insulation: extrud-
ed polystyrene 10cm 
6. Reinforced concrete 
7. Interior plastering 

3

2

1

new old

22 13

5

4

6

 
1. Exterior plastering 
2. Glass fibre wire lattice 
3. Fixing screws (steel) 
4. Thermal insulation: 
Plastispan HD and Du-
rofoam HD 10cm 
5. Reinforced concrete 
6. Interior plastering 

Solution 2 – “Cellulose”  Solution 6 – “Polyurethane Foam” 

5

4

2

1

new old

22 12

6

3

10

7

 

 
1. Exterior plastering 
2. Glass fibre wire lattice 
3. Oriented Strand Board 
4. PVC vapour barrier 
5. Thermal insulation: untied 
cellulose fibre 10cm 
6. Reinforced concrete 
7. Interior plastering 

3

2

1

new old

22 13

4

 
1. Acrylic paint 
2. Thermal insulation: pol-
yurethane foam 10cm 
3. Reinforced concrete 
4. Interior plastering 

Solution 3 – “Glass Wool”  Solution 7– “Ruukki” 

4

3

2

1

new old

10 22 12

6

5

 

 
1. Polyvinyl exterior plates 
2. Fixing screws (steel) 
3. Ventilation void 
4. PVC vapour barrier 
5. Thermal insulation: Glass 
wool 10cm 
6. Reinforced concrete 
7. Interior plastering 

4

3

2

1

new old

10 22 1

6

5

 
1. Exterior sandwich steel 
plate 
2 Thermal insulation: Ba-
saltic wool 10cm 
3. Interior sandwich steel 
plate 
4. Fixing screws (steel) 
6. Reinforced concrete 
7. Interior plastering 

Solution 4 – “Mineral Wool” Solution 8– “Lindab” 

4

3

2

1

new old

10 22 12

6

5

 

 
1. External brick siding  
2. Fixing screws (steel) 
3. Ventilation void 
4. Thermal insulation: Miner-
al wool 10cm 
5. Reinforced concrete 
6. Interior plastering 

10 22 1

5

4

3

2

1

new old

 
1. Lindab steel cassette 
2 Thermal insulation: Ba-
saltic wool 10cm 
3. PVC vapour barrier 
6. Reinforced concrete 
7. Interior plastering 

Figure 3. Solutions for thermal retrofitting the existing concrete walls. 
 
First of the solutions proposed represents the common solution of thermal rehabilitation of 

buildings, through a thermo-system assured by a polystyrene layer (100 mm in this case) and 
exterior plastering adherent on a glass fibre. The next five solutions are similar as conception, 
by considering a thermal insulation layer on cellulose, glass, mineral or rigid basaltic wool and 
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polyurethane foam respectively. The external siding – plastering, polyvinyl or brick siding – is 
fixed either directly on the thermal insulation layer either on thin walled cold-formed profiles 
fixed on concrete wall. 

The last two solutions represent integrated solutions offered by specialized companies on ex-
ternal wall siding: the Ruukki solution is a sandwich panel with embedded thermal insulations 
while in the case of siding cassettes offered by Lindab the thermal insulation layer is chosen by 
the owner. The two systems are fixed on steel profiles, pre-fastened on the concrete bed. 

5 MULTI-CRITERIA ANALYSIS AND CHOICE OF SOLUTION 

5.1 Criteria considered in the selection of solution 

Three criteria were considered for the final selection of thermal retrofitting solution, corre-
sponding to the sustainability pillars: 

- social: thermal insulation resistance. It measures the ability of each solution of offering 
adequate internal comfort, while its implication is also on the building energy use. The 
values given in the Table 4 consider the thermal resistances of existent and additional 
layers, but disregard the existent thermal insulation layer which in many cases is not ef-
ficient. All the solutions were adjusted to offer values close to the thermal resistance 
normative requirements (1.80 m2k/W); 

- economic: the economic assessment is considered through integrated costs for materials, 
mechanical fasteners and labour. The values offered in Table 4 are computed according 
to the current economic situation in Romania per square meter of retrofitted wall; 

- environment: the environmental impact was considered through Life-Cycle Impact 
Analysis (LCIA) on new added materials, per square meter of wall using the SimaPro 
(SimaPro, 2012) computer tool. The values are given in eco-points, by considering the 
EcoIndicator 99 as method of analysis. The LCIA inventory was constituted from aver-
age weights of materials divided to the total covered area. For the life cycle approach the 
production and end-of life of materials was considered. For the end-of-life, a reasonable 
scenario for reuse, recycling and disposal of materials was envisaged (see Table 5). Fig-
ure 4 shows graphically the LCIA results for all seven solutions considered. 

It is to be noticed the fact that the safety criterion was not included in analysis as this was as-
sured for all solutions (excluded by boundary conditions). 

 
Table 4. Thermal, costing and environmental impact estimations for thermal retrofitting solutions 
Sol. 
No. 

Sol. Name Effective thermal resistance
[m2k/W] 

Price 
[eur/sqm] 

Environmental impact 
[Pt] 

1 Polystyrene 2.04 35.36 2.26 
2 Celluloses 1.95 20.51 0.99 
3 Glass Wool 2.09 45.43 0.68 
4 Mineral Wool 2.10 37.10 0.62 
5 Rigid Foam 2.05 24.57 0.85 
6 Polyurethane Foam 2.34 31.64 0.65 
7 Ruukki 2.08 21.88 0.55 
8 Lindab 1.98 53.41 1.73 
 
Table 5. End-of-life scenario for main building materials 
Material Reuse [%] Recycling [%] Burn [%] Disposal - Landfill [%] 
Steel materials -- 100 -- -- 
Wooden materials 30 -- 70 -- 
Concrete, mortar -- -- -- 100 
Other inert materials -- -- -- 100 
Other combustible materials -- -- 100 -- 

 

88



0.0

0.50

1.0

1.50

2.0

2.50 pt
Resources
Ecosystem Quality
Human Health

 
Figure 4. LC environmental impact for retrofitting solutions (tool: SimaPro, Method: Ecoinventor 99). 

5.2 Selection of solution by considering indicator-oriented methods 

The choice of solution through indicator-oriented method represents the easiest way of selecting 
among solutions. The willingness to pay is the most used factor on selecting goods on the eco-
nomic market. 

Solutions 2, 6 and 7 represent in turn the best choices considering individual indicators: price, 
thermal resistances and environmental impact respectively. In consequence, judging strictly on 
one of these criteria, one of the solutions is chosen. 

5.3 Selection of solution by considering multi-axial representation method 

The solution selection through multi-axial representation considers an axis for each individual 
indicator. The representation is possible for three indicators but the solution remains valid even 
for more indicators. 

The first step of the method is the normalization of results: the solutions having the best per-
formance in regard to a certain indicator is maximized to 100% while the rest of indicators are 
normalized to this value in percentages as shown in Table 6. 

The second step is the computation of the distance to an ideal target, defined by the point of 
maximum coordinates (100,100,100). This can be easily done by computing the vector between 
the real coordinated points and the ideal target through the square root of sum of squares. Figure 
5 shows the 3D representation by considering the three indicators considered in the case-study. 
Also, the figure shows the computed distances to the target. 
 
Table 6. Normalization of indicator values 
Sol No. Th. Resistance Price Environmental Impact 

[m2k/W] Normalisation [€/sqm] Normalisation [pt] Normalisation 
1. Polystyrene 2.04 86.90 35.36 58.00 2.26 24.42 
2. Celluloses 1.95 83.41 20.51 100.00 0.99 55.93 
3. Glass Wool 2.09 89.08 45.43 45.15 0.68 80.70 
4. Mineral Wool 2.10 89.51 37.10 55.28 0.62 88.89 
5. Rigid Foam 2.05 87.56 24.57 83.48 0.85 65.09 
6. Polyurethane Foam 2.34 100.00 31.64 64.82 0.65 84.53 
7. Ruukki 2.08 88.95 21.88 93.74 0.55 100.00 
8. Lindab 1.98 84.33 53.41 38.40 1.73 31.91 

 
The smallest distance to the target is obtained for the seventh solution (12.70) which by far is 

better than other thermal rehabilitation systems. It could be noticed that the first solution which 
is largely used in real rehabilitation projects is almost the furthest to the target point. The bad 
scoring is due to the bad environmental impact and also the price. 
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Sol. No. Distance to target 
1. Polystyrene 87.45 
2. Celluloses 47.09 
3. Glass Wool 59.17 
4. Mineral Wool 47.26 
5. Rigid Foam 40.57 
6. Polyurethane Foam 38.43 
7. Ruukki 12.70 
8. Lindab 93.15 

 
 

 
 
 

Figure 5. Tri-axial representation and distance to target for solutions 1-8. 

5.4 Selection of solution by considering characterization factor method 

The method is based on using characterization factors in accordance to the importance of a spe-
cific indicator in the final decision choice. The factorized values multiply the normalized values 
which are finally added in a final score (aggregated value). The highest value represents the best 
score. 

The difficulty of the method is finding the right characterization factors reflecting the im-
portance of indicators. Usually a block of experts can be consulted for finding adequate factor 
values. One solution is by considering factors in unitary ratios. 

Table 7 shows the factorized values and final scores using the following characterization fac-
tors for specific the three indicators considered: 

- ct = 0.45 for the thermal resistance; 
- cp = 0.30 for the economic assessment; 
- ce = 0.25 for the environmental impact. 

 
Table 7. Factorized values and final scores for different solutions 
 
Solution No. 

Thermal Resistance Economic assessment Environmental impact  
Final 
score 

Normalised 
value 

Factor-
ised value

Normalised 
value 

Factorised 
value 

Normalised 
value 

Factorised 
value 

1. Polystyrene 86.90 39.10 58.00 17.40 24.42 6.11 62.61 
2. Celluloses 83.41 37.54 100.00 30.00 55.93 13.98 81.52 
3. Glass Wool 89.08 40.09 45.15 13.54 80.70 20.18 73.80 
4. Mineral Wool 89.51 40.28 55.28 16.58 88.89 22.22 79.09 
5. Rigid Foam 87.56 39.40 83.48 25.04 65.09 16.27 80.72 
6. Polyurethane Foam 100.00 45.00 64.82 19.45 84.53 21.13 85.58 
7. Ruukki 88.95 40.03 93.74 28.12 100.00 25.00 93.15 
8. Lindab 84.33 37.95 38.40 11.52 31.91 7.98 57.45 

Ch. Factor x 0.45  x 0.30  x 0.25  
 
According to this method again the seventh solution with an integrated sandwich panel, pre-

sents the best scoring. This fact is due primarily to an integrated optimization of the solution, 
combining several parameters such as: 

- adequate thermal insulations, adjusted through the width of the insulation layers; 
- good pricing due to the intensive industrialized processes; 
- relatively low environmental impact by using high recyclable materials (such as steel). 
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However, good results are obtained also for the polyurethane foam and cellulose solutions, 
which might be considered as good alternatives for thermal insulation. 

6 CONCLUSIONS 

The study presents the main problems related to the existent stock of residential collective con-
crete buildings in Romania. One of the immediate needs for assuring the thermal comfort of 
habitants and also the efficient use of operational energy is the thermal insulation. Different 
techniques can be applied but they have to be compliant with existent structure and envelope.  

In an integrated retrofitting design, the techniques employed in thermal insulation should 
consider the conditions of the existing structure. Moreover, by considering a sustainable design, 
the environmental criterion should be present in the decisional matrix, among other economic 
and technical criteria. 

The choice of a multi-criteria analysis in thermal retrofitting of existing buildings is a deci-
sional task which may employ several methods. Usually, the indicator-oriented methods are de-
ficient due to ignorance of non-considered criteria. This is why other methods, such as the mul-
ti-axial representation or the characterisation factor method could clear the choice for a solution. 

In case of the present study, the steel-intensive solutions such as sandwich panels can offer a 
good solution for thermal rehabilitation of concrete structures. The reliability of solution is due 
to the use of highly recyclable materials and economic advantages due to the industrialized pro-
cesses used in manufacturing. 
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1 INTRODUCTION 

The results here are based on analysing a generic building instead of case-specific configura-
tions. As basis for defining the generic building typology, the statistical data from the panel 
building stock in Romania has been used. While economic arguments are known not to be the 
exclusive driver of retrofit choices in privately owned buildings (Bomee, 2007, Botici et al., 
2014), in this study the focus is on cost optimal choices, ignoring all forms of co-benefits. 

1.1 Location of the collective buildings 

In Romania 7,821,169 inhabitants lived in 83,799 collective block of flats type buildings in 
2002 [INNSE, 2003], totalling 2,868,820 households of this type. From the 83,799 collective 
buildings 57,431 were made of large prefabricated concrete panels (PCP). Altogether 79,077 
buildings were located in municipalities and cities and only 4,722 in rural settlements. The con-
crete panel typology is the main focus for the study presented here, but because the renovation 
technologies may also be applied to collective buildings built of bricks, in the general statistics 
the two are treated together. The total area of apartments in collective buildings is about 108 
million m2, about 1/4th being located in the capital Bucharest (24 million m2), and over 4 million 
m2 in each of the four counties with large cities. Other seven counties hosting the cities with 
more than 250,000 inhabitants, according to the 2002 census, have also quite high shares of col-
lective buildings in living areas (see Figure 1). 
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ABSTRACT: Energy retrofit of the existing building stock is needed at higher rate compared to 
today, if the European Commission’s 20-20-20 goals are to be realized. Economic arguments 
are not exclusive drivers of the retrofit choices of the privately owned buildings. However, it is 
certainly important to identify the cheapest solutions to achieve highest CO2 reduction impact, 
in order to find the most effective ways to improve the existing buildings. Cost effectiveness is 
an important priority, since it allows more to be achieved with the same monetary resource. For 
a given building typology, located in a certain economic environment, it is far from trivial to 
choose the most cost effective technologies for renovation. It may be that the cheapest solutions 
based on immediate cost are readily identified by the stakeholders, but once life time costing is 
brought into the picture the long term efficiency is much harder to asses. In this paper the cost 
effectiveness of several renovation packages is assessed in relationship with the multi-family 
prefabricated concrete buildings, which occur widely in the building stock in Romania. The re-
sults show several of the building envelope’s retrofit solutions to be cost effective in mitigating 
CO2 emissions in these buildings. It is also found that changing the heating method from the 
currently predominant district heating to more decentralized systems can also lead to both im-
portant cost savings and CO2 emission reductions, in particular if heat pumps are used. 
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Figure 1. Total area of housing located in collective buildings by county. 
 

The geographical location of the building, in relationship with the prevailing climate in Ro-
mania is presented in Figure 2. It can be noticed that a large number of collective buildings are 
located in quite different climate areas ranging from cold, sunny and sheltered from wind (e.g. 
Cluj) to warmer, windier and sunnier (e.g. Timisoara), down to the seaside zones, with very 
strong wind (e.g. Constanta). 
 

CT 
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Bucuresti 
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Iasi 

 
a)                    b1) 

 
c)                    d) 

 
Figure 2. (a) Counties with large number of collective buildings as also highlighted in Figure 1 and (b) 
high density urban areas within counties collared with darker brown; (c) climatic zones and their design 
temperatures; (d) solar radiation. 
 

                                                      
1 http://sedac.ciesin.columbia.edu/data/set/grump-v1-population-density/maps/2?facets=region:europe  
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Analysing the distribution of the multi-storey buildings in connection to the general popula-
tion distribution, one can notice the relatively high proportion (> 40%) of people living in multi-
family dwellings in the same seven counties as mentioned before (see Figure 3). The outliers in 
Figure 3 are the capital Bucharest, with a proportion of close to 80%, and the county surround-
ing Bucharest (Ilfov) with very few multi-apartment dwellings. It can also be noticed the partic-
ular case of Hunedoara county, with a very high proportion of multi-apartment dwellings, with-
out hosting major urban centres. This situation is resulting due to the high level of 
industrialization of this county in the period 1950-1990. 
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Figure 3. Percentage of people living in multi-dwelling houses by county. 

1.2 Prevailing building typologies 

From the collective buildings 57,431 are made with the prefabricated concrete panel (PCP) 
technology. Most of the other buildings have brick walls and hollow core concrete floors. Many 
of the refurbishment measures suggested in this paper are equally applicable for the two typolo-
gies. In fact, the main configuration difference between the two building types is in the average 
number of apartments they host (42 in PCP’s vs. 26 in the brick typology). It is reasonable to 
assume that the difference is due to the fact that PCP buildings have been used for taller build-
ings, since load bearing brick walls are not accepted for buildings over 5 storeys, due to reason 
of earthquake safety. The other configuration parameters are quite the same on average: apart-
ment size about 34-35 m2, 2.2-2.3 rooms and 2.3-2.6 occupants for each apartment. 

In Romania, most of the currently inhabited 57,431 PCP buildings were built between 1960 
and 1990 (see Figure 4), and 41,540 of them have 5 storeys. A second group of important typol-
ogies are the 9, 10 and 11 storeys totalling 9,180 buildings. The two most widespread configura-
tions in Romania are the 5 storeys and the tower (9, 10, 11 storeys) typologies. 
 

0%

10%

20%

30%

40%

50%

B
e
fo
re
 1
9
1
0

1
9
1
0
‐1
9
2
9

1
9
3
0
‐1
9
4
4

1
9
4
5
‐1
9
6
0

1
9
6
1
‐1
9
7
0

1
9
7
1
‐1
9
8
0

1
9
8
1
‐1
9
8
9

1
9
9
0
‐1
9
9
4

1
9
9
5
‐1
9
9
9

A
ft
er
 2
0
0
0

P
e
rc
e
n
ta
ge

 o
f 
b
u
ild

in
gs

PCB

Brick

 
Figure 4. Percentage of buildings built in the different periods. 
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As a summary, the PCP stock is younger and contains probably almost all the buildings from 
the tower configuration, while the brick building are older and are limited to maximum 5 sto-
reys. 

1.3 Structure and detailing of the building envelopes 

The usual way of building-up the structures from prefabricated concrete panels was by creating 
“boxes” from panels around each main volume of the apartments (rooms, kitchens, halls etc.). 
This results in strict architectural lines of the buildings. 

Internal walls were fabricated only for load bearing purpose from about 20 cm thick concrete 
plates, acoustic insulation and other functions of the internal walls being fulfilled by default 
with this thickness of concrete. External walls were formed using 3 layers, the internal layer be-
ing of the load bearing concrete (9-12 cm), a middle insulation with material and thickness de-
pending on the climatic region, and an external façade layer of 5 cm concrete (see Figure 5.a). 
Usually the two layers of concrete are connected by strips of concrete which penetrate the insu-
lation (Figure 5.b). This detailing ensures a secure connection of the façade layer, but also re-
sults in thermal bridges on 5-10% of each panel’s surface. From the refurbishment point of view 
the removal of the façade concrete, which is often done in case of lightly anchored façades in 
Nordic countries (see concept T1b in Peuhkuri et al., 2012), is quite difficult. 

 
a)          b) 
Figure 5. (a)Typical layers and (b) insulation distribution in the prefabricated panels 

2 MODELLING METHODOLOGY 

Different strategic options were considered for increasing efficiency of primary energy use and 
reducing greenhouse gas emissions within building renovation. The different strategic options 
influence each other. There may be synergies or trade-offs. In this paper the focus is on the rela-
tionships between the improvement of the energy performance of the building envelope, the 
change of the heating system, and the increase in the efficiency of electricity consumption. 

For investigating different intervention solutions, first the calculations are carried out for a 
fossil fuel based system as a reference heating system. The effects of different single renovation 
measures on costs, energy consumption and carbon emissions are determined. Based on these 
results, renovation packages are composed, starting with the most efficient renovation measure, 
and adding more and more measures which are less cost effective. The calculations are replicat-
ed for other heating systems.  

It is assumed that within the building retrofit the heating system needs to be replaced by a 
new one. Therefore, an investment in the heating system is done also in the reference case. 
Similarly, assumptions are made regarding the necessity of rehabilitating the building in the ref-
erence case. E.g. for façades it is presumed that periodic maintenance (i.e. simple painting) 
needs to be done anyway, so for the cost effectiveness of providing thermal insulation it is the 
difference between an energetic renovation and an anyway renovation for maintenance which 
matters. 
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The effects of the different renovation packages are displayed showing greenhouse gas emis-
sions or primary energy use on one axis, and life cycle costs on the other axis, always on a year-
ly basis. The numbers are indicated per m2 of gross heated floor area. The detailed steps to cal-
culate the above indicators are: 

– energy consumption for space heating is determined by calculating energy loss to colder 
environment outside due to transmission and ventilation losses and by accounting for 
passive solar and internal heat gains as energy gains. Factors used in this calculation al-
so include thermal capacity, insulation and thermal bridges.  

– the methodology for calculating useful heating needs is based on the Swiss Norms SIA 
380/1:2009 for calculating thermal energy use in buildings . This norm uses the same 
calculation principles as the standard ISO 13790:2008 "Energy performance of build-
ings - Calculation of energy use for space heating and cooling" and the common general 
framework for the calculation of energy performance of buildings according to the Eu-
ropean Energy Performance of Buildings Directive 2010/31/EU from May 2010. 

– depending on the heating system, greenhouse gas emissions and primary energy factors 
(PEF) are applied, taking into account the efficiency of the heating system.  

– to this calculation energy used for hot water is added. 
– the unit used to compare size of buildings is the gross conditioned floor area (or simply 

"conditioned floor area"): The horizontal projection of that portion of space which is 
contained within exterior walls (including the walls themselves) and which is condi-
tioned directly or indirectly by an energy-using system. 

 
Figure 6. Sketch of the calculation procedure. 

2.1 Choice on the generic building typology and the climate 

From the point of view of yearly temperatures the territory of Romania can be divided into two 
regions. The division is following the zoning map of the standard SR 1907-1/97 (see Figure 2). 
Zones 1 and 2 are considered the warmer region, and Zones 3 the colder region. About 50% of 
the population lives in the two regions, but more panel buildings are in the warmer region due to 
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the presence of Bucharest there. Climate profile of Bucharest was chosen for the calculation re-
ported in this paper (see Table 1). 

In SR 1907-1/97 the conventional design temperatures for Bucharest is given as θe=-15°C. In 
order to account for year by year fluctuations, representative yearly temperature values were 
chosen from the US Department of Energy, Energy Plus weather data for the multi-annual ener-
gy modelling2. The representative weather year is from a period of 30 years record to be suitable 
for long term heating/cooling load calculation. Solar radiation was estimated using the same 
weather files as data source, and applying the projections to the different surfaces with the soft-
ware package Autodesk Ecotect Analysis. 

 
Table 1. Assumed climate parameters. _______________________________________________________________________________________________________ 

Month     Monthly  Monthly   Monthly   Monthly   Monthly   Heating 
       average  average   average   average   average   degree days 
       temp1   global rad.  global rad.  global rad.  global rad.  HDD’s 
           from East  from West  from South  from North  (interior 
           on vert.   on vert.   on vert.   on vert.   temp. 22°C) 
           surface3   surface   surface   surface    
       °C    MJ/m2   MJ/m2   MJ/m2   MJ/m2 _______________________________________________________________________________________________________ 
January     -1.7   66     57     141    42     735 
February    0.8   115    90     231    51     599 
March     5.0   184    151    278    79     527 
April      11.4   209    184    242    114    318 
May      16.5   275    219    250    137    171 
June      20.4   308    237    233    144    48 
July      22.7   303    263    252    131    -22 
August     21.8   259    220    287    107    6 
September    16.2   191    166    291    83     174 
October     11.2   134    111    253    61     335 
November    4.5   75     57     140    40     525 
December    0.1   66     49     144    32     679 ______________________________________________________________________________________________________ 

 
Based on the available building statistics data (INNSE, 2003), and a series of assumptions on 

the building typologies to which the total number of buildings are distributed, 5 generic con-
crete-panel buildings were distinguished. These correspond to the building periods of, before 
1944, 1945-1970-1970-1989 and starting from 1990. While, these typologies are only generic, 
they are representative to certain typologies. The total quantities known from the INNSE date 
are respected during this division. In essence, the known total number of buildings, total number 
of apartments, total m2 areas and total number of occupants from the INNSE date are respected. 
Only the division into categories is sometimes based on estimates, where no data exist. For ex-
ample, the exact window to floor ratio is not reported for each building in the INNSE dataset. 
So a generic value, based on the prevailing building typologies and design standards used in the 
different periods was used for each of the five types. Similarly, it the orientations of each build-
ing are also not reported, so we presumed that equal areas of the windows are oriented to the 
four cardinal directions. These choices may be refined, since for example designs were prescrib-
ing advantageous orientation for main windows of the apartments, but we used them as initial 
guesses for the calculations. 

The calculation in this paper is carried out for one generic 5 storey building built between 
1970-1989 (see Table 2). CO2 and cost savings are reported for this on generic building, but one 
can calculate the effect of the retrofit measures to the whole building stock knowing the number 
of buildings. 
 

                                                      
2http://apps1.eere.energy.gov/buildings/energyplus/cfm/weather_data3.cfm/region=6_europe_wmo_re

gion_6/country=ROU/cname=Romania 
3 Projected from the Energy Plus weather data to the N-S-E-W surfaces with Autodesk Ecotect 
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Table 2. Generic building typologies based on statistical properties of the building stock. 

 

Multi-family residential build-
ings "PCP Type" – 5 storeys 

PCP – above 7 
storeys (85% 
is 9,10 & 11) 

PCP – 
5 sto-
reys 

Years of built 
 

built 
before 
1944 

built 
1945-
1970 

built 
1970-
1989 

built 1970-
1989 

1990-
2012 

Estimated number of buildings 455 5456 36957 10750 3813 
Gross heated floor area (GHFA) [m2] 1951 1951 2225 4450 2337 
Façade area (excl. windows) [m2] 1188 1555 1774 3426 1863 
Roof area flat [m2] 390 390 445 445 467 
Total windows/glazing area [m2] 
(Assumed to equally distribute to 
North/South/East/West directions) 134 253 288 552 303 
Area of ceiling of cellar [m2] 390 390 445 445 467 
Typical indoor temperature [°C] 22 22 22 22 22 
Average electricity consumption 
per year and m2 (excluding heating, 
cooling, ventilation) [MJ/m2] 65 65 65 65 65 
U-value façade [W/(m2*K)] 0.93 0.93 0.52 0.52 0.52 
U-value roof [W/(m2*K)] 0.99 0.99 0.83 0.83 0.83 
U-value windows (Uw-value) [W/(m2*K)] 2.56 2.56 2.33 2.33 2.33 
g-value windows 0.7 0.7 0.7 0.7 0.7 
U-value floor [W/(m2*K)] 0.93 0.93 0.78 0.78 0.78 
Energy need for hot water [kWh/m2] 72 72 54 54 47 

2.2 Assumed emission and primary energy factors 

Emission and primary energy factors used refer to greenhouse gas emissions or primary energy 
use of energy carriers consumed including upstream emissions associated with the production, 
transport and delivery of these energy carriers. Emissions from CH4 and N2O are converted into 
CO2 equivalents using the UNFCCC global warming potentials of 21 for CH4 and 310 for N2O. 
Country mixes for electricity are based on electricity sources as demanded by the market, and 
not the national production. The emission factors and primary energy factors used are presented 
in Table 3. 
 
Table 3. Greenhouse gas emission factors and primary energy factors. _______________________________________________________________________________________________________ 

                Oil  Natural   Country mix  Country mix for 
                   gas    for electricity district heating _______________________________________________________________________________________________________ 

GHG Emission factor [kg CO2 eq/MJ]  0.083 0.066    0.1944    0.08335 
Primary non-renewable energy factor  1.1   1.12    2.78     1.51 
Primary energy factor        1.1   1.12    2.96     1.56 ______________________________________________________________________________________________________ 

2.3 Energy prices and discount rates 

Energy prices were considered for the three main sources of energy in the panel blocks, district 
heating, natural gas and electricity (see Table 4). Other sources, like wood pellets and oil were 
disregarded, as they are less likely to be used for collective buildings for practical or safety rea-
sons. Prices refer to assumed average prices over the next 20 years as used in calculation for life 
cycle costing (LCC). 

                                                      
4 Technical annex to the SEAP template instructions document 
www.eumayors.eu/IMG/pdf/technical_annex_en.pdf. National Authority for Energy Regulations 
(www.anre.ro) gives for 2008 0.138kg CO2/MJ (496g/kWh), http://www.anre.ro/activitati.php?id=323 
5 EH&P 2009, http://www.euroheat.org/ 
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Table 4. Assumed prices for main energy sources in panel buildings. ______________________________________________________________________________________________ 

Parameter    Oil  Natural gas   Wood pellets  Electricity  District heating  ______________________________________________________________________________________________ 
EUR/kWh    -    0.021 6    -      0.077     0.068 ______________________________________________________________________________________________ 

 
Interest rates for the purpose of LCC calculations were estimated based on the date of the Na-

tional Bank of Romania (BNR). Interest rate applied by credit institutions in Romanian Lei 
(RON) denominated loans was analysed in the period 01.2007-03.2011. BNR reports an annual 
percentage rate of charge (APRC) on loans to households for house purchases in the range of 
8.63%-14.76%9, with an average value of 11.2%. We took the APRC values into the LCC cal-
culations, since these are covering all the hidden cost beside the interest rates practiced by the 
banks. Also, loans for house purchases were considered to better resemble the financing scenar-
ios for house renovation than simple consumer loans (which would have a larger interest rate). 

The development of inflation is also reported by BRD10 and the same period 01.2007-
03.2011 has been used for reference. The range of inflation was between 3.66%-9.04%, with an 
average value for the period of 6.18%. 

The RON based costs were transformed in Euros and 3% has been chosen for yearly real in-
terest rate (taking into account inflation) for residential loans. LCC calculations were carried out 
in Euros. 

2.4 Assumed renovation packages 

The impacts of seven packages of measures on the building envelope are calculated. The effects 
are distinguished for three different heating systems: a district heating system, a centralized gas 
heating system and a water/ground source heat pump. The reference case for the water source 
heat pump, without measures increasing the energy performance of the building, contains a dis-
trict heating system as well. In the case of a district heating system, no investment costs are as-
sumed to occur on the side of the building owner.   

The different packages applied to the building envelope are: 
- Ref: In the reference case, the mortar patching and the coating of the wall is restored, the 

wall is repainted, and the roof is refurbished with a 1-layer rubber bitumen membrane; all 
those measures do not improve the energy performance of the building.  

- M1: The wall is insulated with 5 cm of EPS and a cement coating of 10 mm.  
- M2: The wall is insulated with 10 cm of EPS and a cement coating of 10 mm. 
- M3: Additionally to M2, the cellar ceiling is insulated with 5 cm of EPS. 
- M4: Additionally to M3, the flat roof is insulated with 10 cm thermal insulation mineral 

wool, a timber structure and bitumen based water insulation. 
- M5: Additionally to M4, windows are replaced with new windows with a plastic frame 

and a U-value for the entire window of 1.3 
- M6: Additionally to M4, windows are replaced with new windows with a plastic frame 

and a U-value for the entire window of 1.0 
- M7: Additionally to M4, windows are replaced with new windows with a plastic frame 

and a U-value for the entire window of 0.8 
Table 5 describes the characteristics of the different renovation packages that are taken into 

account. Costs of energy renovation have been estimated by averaging two independent offers 
from suppliers active on the market (www.ursa.ro, www.steelcenter.ro). The energy need was 
calculated based on the input parameters for the different building envelope elements taking into 
account both the original U-values of the buildings and the changes due to the renovation. 

 
                                                      

6 E-On Romania (Accessed 01.10.2013: www.eon-energie-romania.ro/cps/rde/xchg/SID-570DA5ED-
5EB66F92/eon-energie-romania/hs.xsl/3786.htm) 
7 E-On Romania (Accessed 01.10.2013: www.eon-energie-romania.ro/cps/rde/xchg/SID-570DA5ED-
5EB66F92/eon-energie-romania/hs.xsl/3784.htm) 
8 Average value based on data from the National Authority for Public Utilities (www.ANRSC.ro) 
9 http://www.bnro.ro/StatisticsReportHTML.aspx?icid=801&table=580&column=7815 
10 http://www.bnro.ro/Inflation-Reports-3343.aspx  
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Table 5. Data for different packages of renovation measures M1 to M7. 
 
Parameter  Unit Reference / 

new heat-
ing system 
without 
further 
measures 

M1 M2 M3 M4 M5 M6 M7 

Wall - Costs EUR/m2 
wall 

12 22 24 24 24 24 24 24 

Wall thickness  of insulation 
material 

cm - 5 10 10 10 10 10 10 

Wall - insulation material W/mK - 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

Wall - lifetime of renovation 
measure 

a 50 50 50 50 50 50 50 50 

Window - Costs EUR/m2   
window 

- - - - - 156 213 267 

Window - U-Value W/m2K 2.33 2.33 2.33 2.33 2.33 1.5 1 0.8 

Window - g-value  0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.5 

Window - lifetime of renova-
tion measure 

A 25 25 25 25 25 25 25 25 

Roof - Costs EUR/m2  
roof 

16 16 16 16 75 75 75 75 

Roof - thickness of insulation 
material 

Cm - - - - 10 10 10 10 

Roof - insulation material W/mK - - - - 0.04 0.04 0.04 0.04 

Roof - lifetime of renovation 
measure 

A 50 50 50 50 50 50 50 50 

Cellar ceiling - Costs EUR/m2  
cellar ceil-
ing 

- - - 7 7 7 7 7 

Cellar ceiling - thickness of in-
sulation material 

Cm - - - 5 5 5 5 5 

Cellar ceiling - insulation ma-
terial 

W/mK - - - 0.04 0.04 0.04 0.04 0.04 

Cellar ceiling - lifetime of ren-
ovation measure 

A - - - 50 50 50 50 50 

Energy need for heating MJ/m2  366 309 284 262 224 164 142 134 

Peak heating capacity required kW 88 77 72 68 61 49 44 43 

3 RESULTS 

3.1 Primary results of the modelling 

Primary results of the calculation are shown graphically in Figure 7, with the reference case 
shown as a grey dot based on the situation with a replacement of the district heating system, re-
habilitation works on the wall and the roof, and no energetic improvements on the building en-
velope. All renovation packages investigated are cost effective compared to the reference case. 
The changes in the heating system dominate the effects on costs, greenhouse gas emissions and 
primary energy use.  
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The most cost efficient renovation packages include the installation of natural gas heating 
system or a water/ground source heat pump. Both have about similar costs, yet the water/ground 
source heat pump has significantly less CO2 emissions. Primary energy use is for both similar. 

When installing a water source heat pump, the most cost efficient renovation package is M3, 
which includes the insulation of the wall with 10 cm of EPS and an insulation of the cellar ceil-
ing with 5 cm EPS. For a gas heating system, the same renovation package is cost optimal. For a 
district heating system, however, significantly more renovation packages are cost effective, up 
to the package M6 which includes also the insulation of the roof, and the replacement of the 
windows with new windows with an U-value of 1.0. 

The effects of different renovation packages on greenhouse gas emissions and primary energy 
use are comparable for all three heating systems. 
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Figure 7. Impacts of different renovation packages on costs, greenhouse gas emissions and primary 
energy for a reference multi-family building. 

3.2 Independent verification of the results 

In order to verify the values obtained by this modelling we compared the results with the TAB-
ULA project web tool output (TABULA, 2013). This offers an independent verification for a 
limited number of results, since the TABULA tool is more restrictive in terms of renovation 
choices and the climatic conditions of Romania are not covered. Therefore, the comparisons are 
only estimative, in order to check the ranges of our results. 

Two similar generic building configurations have been chosen for comparison. The 
CZ.N.MFH.04.Gen, multifamily house configurations from the Czech Republic, built in the pe-
riod 1961-1980. The building has 459.17m2 floor area. The second configuration is the 
PL.N.MFH.03.Gen configuration from Poland. These buildings are from 1967-1985 and have a 
floor area of 1584.4m2. Both building are supplied with energy by central system, both for heat-
ing and hot water. Since the buildings are from former Eastern Bloc countries built in the hey-
days of the communist housing campaigns, it is likely that they have similar performance pa-
rameters as the ones studied in the INSPIRE project. 

The total primary energy consumption reported for heating and hot water is 
191.5kWh/(m2×year) for the CZ building and 320kWh/(m2×year) for the PL building. The CO2 
emissions are 60kg/(m2×year) and 102.1kg/(m2×year); and the cost are 11.5€/(m2×year) and 
18.8€/(m2×year) for the un-refurbished configurations. With basic measures of refurbishment 
the primary energy use can be reduced to 131.9kWh/(m2×year) and 151 kWh/(m2×year), the 
CO2 emissions to 40.2kg/(m2×year) and 47.6kg/(m2×year), and the energy costs to 
8.1€/(m2×yera) and 8.4€/(m2×year), for the CZ and the PL buildings respectively. 

Considering the climatic differences between the countries, the ranges of results are reasona-
bly covering the values obtained in the INSPIRE study, hence providing an independent con-
firmation on the validity of the modelling. 

3.3 Discussion and conclusions 

When comparing a natural gas heating system and a water source heat pump system, no signifi-
cant differences are found regarding the cost effectiveness of different renovation measures on 
the building envelope. However, such differences exist when comparing district heating and 
natural gas or water source heat pump. The reason is that for a district heating system, there are 
no energy installation costs to the building user; instead, heating costs are just proportional to 
the energy need; this may partly explain why in the case of a district heating system, invest-
ments in saving energy are more cost effective than for other heating systems. This is based on 
the assumption that the fixed amount that needs to be paid per month, is not high compared to 
the costs for the actual energy consumed; if this was the case, the cost effectiveness of measures 
on the building envelope would decrease for district heating systems. 

The energetic renovation of the wall and the insulation of the cellar ceiling are cost effective 
measures for all heating systems. Windows did not feature as cost effective renovation 
measures; however, windows have other advantages than saving energy. Despite being not a 
cost effective measure in terms of saved energy use vs. investment costs, it may nevertheless be 
an attractive option to install windows because of co-benefits such as noise reduction, improved 
indoor climate or others. 

Water source heat pumps are attractive both in terms of cost effectiveness and in terms of 
CO2 reduction; however, there is still little experience with such heating systems in Romania, 
and it may therefore be difficult to find installers with the necessary experience to ensure proper 
functioning of such systems. 

103



ACKNOWLEDGEMENT 

This paper was supported by ERACOBUILD R&D Project H10018: INSPIRE – Integrated 
Strategies and Policy Instruments for Retrofitting buildings to reduce primary energy use and 
GHG emissions. 

REFERENCES 

Bomee J. (2007). Sustainable construction in Mexican housing markets, Thesis (M.C.P.) - Massachusetts 
Institute of Technology, Department of Urban Studies and Planning. 

Botici A.A., Ungureanu V., Ciutina A., Botici A., Dubina D., Nagy Zs., Riihimäki M.J., Talja A., Fülöp 
L.A. (2014). Sustainability Challenges of residential Reinforced-Concrete Panel Buildings, Urbanism. 
Architecture. Constructions, Vol. 5:2, pp. 83-98. 

INNSE (2003). The official census regarding population and dwellings made on March 18-27, 2002. 
Form 45. Buildings according to typology and number of dwellings – by county [in Romanian] . The 
National Institute of Statistics, Romania. http://www.insse.ro/cms/files/ RPL2002INS/index_eng.htm. 

ISO 13790 (2008). Energy performance of buildings - Calculation of energy use for space heating and 
cooling. 

Jakob, M., Bolliger, R., Chobanova, H.C., Nägeli, C., Von Grünigen, S., Ott, W., Remmen, A., Ma-
neschi, D., Mosgaard, M., Kirk Strandgaard, C., Kiss, B., Ungureanu, V., Botici, A., Fülöp, L.A. 
(2014). Integrated strategies and policy instruments for retrofitting buildings to reduce primary ener-
gy use and GHG emissions (INSPIRE). Final Report. 

Peuhkuri R., Vares S., Pulakka S., Häkkinen T., Kettunen A., Honkanen M., Vierinen A., Vou S.H., Bor-
dachev A., Malila M., Järvan A., Svensson A., King C., Sadgrove R., Gupta A., Littlefair P., Scott S., 
Brocklesby M., Tweed C., Gandhi K., Voelcker F., Hontoria E., Hontoria L., Benitez N., Epelde A., 
Skippervik R. (2012). Sustainable refurbishment of exterior walls and building facades Final report, 
Part C – Specific refurbishment concepts, SUSREF project, VTT TECHNOLOGY 35, ISBN 978-951-
38-7851-1. 

SIA 380/1:2009 (2007). Thermische Energie im Hochbau. Eingetragene Norm der Schweizerischen 
Normen-Vereinigung SNV, Schweizerischer Ingenieur- und Architektenverein SR 1907-1/97 (1997). 
Heating plants; Design heating requirements computation for buildings; Computation specifications 
(in Romanian). 

TABULA (2013), http://webtool.building-typology.eu/ 
Ungureanu V., Bollinger R., Fülöp L., Jakob M., Kiss B, Maneschi D., Mosgaard M., Remmen A., Cho-

banova H., Ott W. (2013). Integrated strategies and policy instruments for retrofitting buildings to re-
duce primary energy use, GHG emissions and costs, in: Hajek P., Tywoniak J., Lupisek A., Sojkova 
K., (Editors) CESB13 - Central Europe towards Sustainable Buildings, Sustainable Building and Re-
furbishment for Next Generations. Prague, pp. 183-186. 

104



1 FINLAND IN STATISTICS 

1.1 Population 

Finnish population is 5.4 million. Population growth is concentrated in larger cities, particularly 
in the Helsinki Metropolitan Area (see Figure 1). Only ten cities of Finland have more than 
50,000 residents and even the largest cities are not densely built up by international standards. 
Todays any smaller settlements and rural areas are suffering from depopulation, due to migra-
tion to the growing centers. 
 

 
Figure 1. Population centers, where at least 30,000 inhabitants live inside a 10km radius 
(www.kunnat.net). 

Overview of retrofit practice in Finland 

Asko Talja 
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ABSTRACT: The purpose of the article is to provide an overview of Finnish renovation experi-
ence, particularly in terms of energy efficiency of the buildings. First paragraphs describe the 
development of energy regulations and gives statistics on building stock and home ownership, 
then the management and maintenance of the buildings is clarified. Also the practical energy 
saving measures used in Finland is presented and their potential is estimated. Finally, a brief 
overview of the renovation needs, renovation market and available products is made. 
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1.2 Housing 

There are about 1.5 million buildings in Finland, from which about half are residential houses. 
About 50% of the people live in single-family houses and 35% in blocks of flats (see Figure 2). 
About 60% of the people live in owner-occupied flats and 30% in rented flats. 
 

 
Figure 2. Types of buildings and number of people living in different houses (data: www.stat.fi). 
 

Half of the rented apartments in Finland are privately owned, and other half have been built 
with state support (by ARAVA loans). ARAVA buildings are owned by municipal housing 
companies (60%), non-profit national corporations (15%), corporations for specific groups 
(20%), and by banks and insurance companies (5%). 

1.3 Ownership of flats 

Just over half of owner-occupied flats are one-family houses; other flats are owned and operated 
under housing companies. A housing company consists of one or more buildings and it also 
owns, or has in long term rental, the land surrounding the buildings (e.g. own parking spaces, 
playgrounds and green areas). The occupants own shares of the housing company, which entitle 
the management of a certain flat. Common areas are managed by the housing company. In Fin-
land there are 80,000 housing companies comprising in all 600,000 flats. 

Housing company is a special form of company, which is regulated by the Housing Compa-
nies Act, which defines the rights, duties and responsibilities between the company and its 
shareholders. Housing company arrangement will ensure that the renovation of the entire prop-
erty maintenance is managed and financed, and that the common areas, such as stairways, eleva-
tors, parking places and other outdoor areas are maintained properly. Residents pay monthly 
fees to the housing company to cover common maintenance expenses, heating costs and the wa-
ter charges. 

The housing company has a governing body (at least 2–3 elected residents), which is respon-
sible for the management of the company. Policies of the housing companies are defined by res-
idents at open meetings. 

According to Finnish legal terms, in the housing company arrangement, the transfer of a 
home owned by a housing company is seen as the sale of shares, not as a real estate transaction. 
However, the perception of the occupant is very strongly that he/she owns the apartment. So 
much so, that “owner-occupied” is regularly used in everyday life for this type of ownership. 

1.4 Age of the building stock 

The average age of Finnish building stock is 30–35 years. This is due to strong growth of con-
struction in 1960 and 1970's. The renovations in apartment houses are still increasing, because 
most of the buildings have not yet reached the age of 50 years (see Figure 3). 

Before repairs in buildings the performance, comfort and energy efficiency criteria are evalu-
ated, so that the repairs correspond to today’s requirements for buildings. Often elevators are 
added to old buildings, because elderly people are increasingly living at home and families with 
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babies or disable persons require them. Therefore, by attracting a larger client base, elevators al-
so increase the value of the apartments. Small part of the housing companies finance the renova-
tion costs by additional rooms, for example the attic or basement spaces can be taken for resi-
dential use.  
 

 
Figure 3. Finnish building stock by 5 year periods (vtt.fi). 

2 REAL ESTATE MANAGEMENT 

2.1 Management 

In practice all bigger housing companies have a house manager, who takes care of daily routines. 
Normally the house manager is taken from a house management agency. In Finland there are in all 
about 800 agencies, employing 5,000 workers and serving 50,000 housing companies. Most of the 
companies have 1–4 employees; the largest having hundreds of workers and serving thousands of 
housing companies. 

House managers have usually a professional examination and the house management agencies 
have an authorized licensing system, which is managed by the building managers’ authorization 
association. 

2.2 Duties of house manager 

The work of a house manager covers a variety of responsibilities. He is taking care of the gen-
eral management of the housing company, relating for example general meetings, safety and in-
surance issues, economic management, monitoring of building condition, survey of repair and 
renovation needs, preparing of the work schedules and contracts for repairs and renovations, 
maintenance of equipment (heating equipment, water and sewage pipes, air-conditioning and re-
frigeration equipment, elevators, electrical equipment), taking care of sanitation (waste disposal, 
removal of snow, sanding for preventing slippery, cleaning of common rooms) and taking care 
of maintenance of courtyard area (lawns and plants, children's playgrounds, car parking areas, 
hedges). 

2.3 Maintenance manual of buildings 

Building maintenance manual is required by the Land Use and Building Act. The manual has to 
be done in housing companies for all residential and commercial facilities that are purposed at 
permanent living or working. The purpose of the manual is to manage and maintain the neces-
sary information in real estate management.  

The manual covers the basic information on the building, already carried out inspections, 
maintenance and repairs, information on energy and the annual water consumption, general in-
spection procedures and device-specific maintenance instructions. The target is also to plan and 
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monitor the maintenance, e.g. by including a maintenance program (usually with a 5 years plan-
ning horizon) and maintenance cycles of building components and devices. The manual displays 
also the target values for indoor climate conditions and indicative values for energy and water 
consumption. In addition it presents property management goals and target levels for property 
quality. 

3 LAWS AND REGULATIONS 

3.1 Supervision and regulatory control 

Ministry of the Environment is responsible on regulatory control of housing administration. The 
ministry works to improve the quality of housing construction and residential environment 
through laws, regulations and guidelines. Municipal building authorities are responsible for 
drafting and approving the land use and also for construction supervision. The municipalities 
have a building inspector’s office, which inspects all building actions which need building per-
mits.  

Requirements are set for strength, fire safety, hygiene, health, environmental impacts, user 
safety, noise prevention, energy use, insulation and durability. The requirements are based on 
The Land Use and Building Act, which covers both land use planning and construction planning 
and which targets to develop and maintain high quality living environments. The act aims to 
promote sustainable development, to ensure open land use planning and processes, and to en-
sure that a wide range of planning expertise is available. The act also implements the EU direc-
tives, for example concerning energy efficiency in renovation and alteration of the buildings.  

3.2 Development of energy regulations 

Development of the energy regulations for new buildings has been very fast. In 2003, 2007 and 
2010 new regulations were issued for the energy performance of new buildings (see Table 1). 
The latest 2012 regulations base on the total energy need (E number) and are about 20% more 
demanding than 2010 regulations.  
 
Table 1. Development of energy requirements 1976–2010 

 1976 1978 1985 2003 2007 2010
U-values   

Wall 0.4 0.29 0.28 0.25 0.24 0.17
Ceiling 0.35 0.23 0.22 0.16 0.15 0.09
Floor 0.40 0.40 0.36 0.25 0.24 0.16
Window  2.1 2.1 2.1 1.4 1.4 1.0
Door 0.7 0.7 0.7 1.4 1.4 1.0

Air tightness, n50 – – – – 4 2
Yearly heat recovery 
from exhaust air – – – 30% 30% 40% 

3.3 Energy regulations for new buildings from 2012 

New building energy regulations are based on the total energy analysis (E- number). The regula-
tions promote renewable energy; they take into account the primary energy consumption and 
source of heating in perspective the efficiency of energy production. The change encourages the 
use of district heating and renewable energy. The energy coefficient for fossil fuels is 1, for 
electric 1.7, for district heating 0.7, for district cooling 0.4 and for renewable fuels 0.5. E-
number is the total energy need multiplied by the energy coefficient. 

The limit value of E is 200 kWh/m2 for small (max 120 m2) single-family houses, 150 
kWh/m2 for row houses, linked houses and large single family houses and 130 kWh/m2 for 
blocks of flats. The regulations are also applied to larger summer residences which are built for 
winter use. 

The renewal of building regulations is a control tool for saving energy and to reduce emis-
sions. The new calculation method allows for a gradual transition to nearly zero-energy building 
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by 2021. Tighter rules result in an average of 20% improvement in energy efficiency compared 
to earlier 2010 requirements. The effect on investment costs is small compared to the costs re-
sulted from 2010 change in regulations.  

3.4 Energy regulations for renovation from 2013 

The new 2012 Land Use and Building Act takes into account the EU Directive for Energy Per-
formance of existing buildings. The target is to reduce energy consumption of the existing 
building stock by about 25% and CO2 emissions by about 45% by 2050. Therefore also new en-
ergy regulations for renovation were given and they will come into force in September 2013.  

Energy efficiency study will be required if the repair actions provide permission from build-
ing authorities. Building permission is usually required for example in the case of a heavy fa-
cade repair, in pipeline renovation, in installation and expansion of ventilation or in changing 
the use of building. 

The effects of energy savings throughout the building stock have been calculated to be about 
6% by 2020. The savings arise from the reduction of heat losses, more efficient heat recovery 
equipment, and more efficient use of electricity and renewable energy sources, such as increas-
ing the use of geothermal energy. 

Energy efficiency should be improved when it is technically, functionally and economically 
feasible. Cost-effective solutions are those which have payback period less than the design life-
time (e.g. facades 40–50 year, ventilation machines 20 year). 

There are three options for improving energy efficiency. First option is to improve the ther-
mal insulation of building elements and efficiency of technical systems so that they fulfill the 
given requirements. U-value (overall coefficient of heat transfer) of walls and roofs shall be de-
creased at least by 50%, or the walls, roofs, windows and floors shall fulfill the requirements for 
new buildings. In addition the requirements for recovery from exhaust air shall fulfill the re-
quirements of new buildings. Second option is to limit E-number. The limit for E value is  180 
kWh/m2 for single-family houses, row houses and linked houses, and 130 kWh/m2 for blocks of 
flats. Third option is to decrease the E number of the building. The reductions shall be 20% in 
the case of single-family houses, row houses, linked houses, and 15% in the case of blocks of 
flats.  

4 ENERGY SAVING MEASURES 

4.1 Finnish climate 

Winters of southern Finland (daily temperature below 0 °C) last usually three months (see Fig-
ure 4) and typically the snow covers the land from about late November to mid-April.  
 

Helsinki  
Figure 4. Annual average temperature in Finland and average monthly temperature 
in Helsinki (ilmasto-opas.fi). 
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The coldest days are in January–February and the warmest days are in July. Yearly tempera-
tures can vary from -30 to +30°C. The winters of the northern part last usually 6–7 months and 
the snow covers the land from about mid-October to early May. Winters in the north are very 
long and summers are quite short, only two or three months. The temperatures can vary from -
40 to +30°C. 

4.2 Heating energy 

The clearest change in Finland during last two decades is that oil heating is not any more used 
in new single-family houses and that the share of ground source heat pumps has grown consid-
erably (see Figure 5). Also the popularity of electric heating in new single-family houses is de-
creasing. The 2012 new energy regulations will very possibly reduce substantially the amount 
of electric heating in new houses and also in renovation. In the future, electric heating in single-
family houses will be replaced by different heat pumps and hybrid solutions. The share use of 
wood heating has remained roughly at the same level for the past ten years. 
 

   
 

Figure 5. Heating consumption (data: www.stat.fi) in residential buildings and source of heating energy 
(motiva.fi) in new single-family houses. 

4.3 Energy saving potential 

Most of the heat energy in 1960–1970's built prefabricated blocks escapes through forced air 
exhaust (36%), wastewater (22%), exterior walls (17%) and windows (15%) (Figure 6).  
 

 
Figure 6. Average energy flows in 1960–1970's built, prefabricated apartment 
buildings (Lindstedt & Junnila, 2009). 
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Experience has shown that it is both technically and economically possible to renovate also 
quite old buildings even to passive house performance (see Table 2). Important is to note that 
improving indoor condition to today's requirements only by mechanical ventilation without any 
heat recovery may significantly increase the energy consumption. 
 
Table 2. The estimated heating energy saving potentials (vtt.fi) 

 Shear of energy consumption 
in an old house

Energy saving 
potential 

Improving tightness and insulation envelope 30% -10…-30% 
Renewing windows 26% -15…30% 
Improving indoor condition by mechanical ven-
tilation 37% +5…+25% 

Renewing HVAC technologies -30…-40% 
In total 100% -60…-80% 

4.4 Heat recovery 

The loss resulting from ventilation is more than one third of the whole heating loss. Ventilation 
and heating energy consumption can be reduced by more than half by recovering heat from ex-
haust air and tightening accessible structures. Heat recovery became mandatory in new build-
ings already in 2003. The new renovation energy regulations in 2013 require that heat recovery 
shall be at least 45% of the exhaust air heat energy, when the ventilation system is changed. 

4.5 Apartment-specific water meters 

The energy losses resulting from waste water can be reduced by reducing the use of hot water. 
One person uses about 150 liters of water per day. Reduction of 20 percent in water consump-
tion reduces water heating energy by about 10% and need for the building's overall energy is re-
duced by 5%. Apartment-specific water meters in new buildings became mandatory in Finland 
in 2011. In 2013 they will come mandatory also for existing buildings in context of large pipe 
renovations. The estimated reduction in water consumption is in average about 10% which re-
duces energy consumption about 3%. 

4.6 Energy-saving windows 

Energy efficient windows are justified whenever the windows have to be replaced. Old 1960-
1970's windows with double-glazing have U-value of 2.0–2.7W/m2K. Existing, new energy ef-
ficient windows with quadruple glazing have U-value of 0.7–1.0W/m2K.  

The U-value alone does not tell all about the window's energy efficiency. Therefore reference 
E value (unit kWh/m2a) was developed for the energy rating of the windows. It is based on the 
window’s U-value, G-value and air tightness. G-value indicates how well the window exploits 
solar radiation energy. 

4.7 Improved thermal insulation 

In 1950–1975 the heat insulation requirements were significantly less than today. Therefore in 
planning the facade and window repairs, the chances to improve the thermal insulation should 
always to be considered. Concrete sandwich element was the most common exterior wall solu-
tion in 1960–1970's buildings. The facade element were typically built-up by an inner concrete 
panel of 80mm or 150mm, an insulating mineral wool layer of 80–100mm and an outer concrete 
panel of 60–80mm. The U-value of the structure was about 0.4–0.5W/m2K. Today in in new 
low-energy houses, U-value is less than 0.15W/m2K and insulation thickness is 275–300 mm. 

Although the heat dissipation through building's façade is significantly lower in a new build-
ing than in an old building, additional thermal insulation based only on the energy savings is 
usually not economically viable. The best benefit of energy repairs is obtained when extra insu-
lation is connected to other repair actions, such as window replacement or repair of exterior wall 
surface. 
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4.8 Air tightness 

Air tightness is a very important topic. Poor airtightness in apartments causes uncomfortable air 
circulation, which increases the need of heating. Good air tightness and well-controlled ventila-
tion together with heat recovery systems provide the greatest benefits. The need for heat in the 
old residential buildings is 10–30% higher than today in the new airtight buildings. 

4.9 Adjustment of ventilation 

Ventilation adjustment brings the operation of the system at the optimal level. Basic adjustment 
should be carried out whenever the circumstances of ventilation (such as air tightness) are 
changed. The energy consumption can be reduced by shortening the run times of the fan, by air 
flow control and by fan maintenance. Inappropriate settings in control and monitoring devices 
and incorrect response of control circuit will increase energy consumption.  

4.10 Adjustment of heating 

Proper adjustment of heating network ensures that all the apartments have right room tempera-
ture. Removal of over and under temperatures improves comfort and saves energy. It is estimat-
ed that approximately in 75% of Finland's housing stock the heating is inadequately adjusted. 
Temperatures in apartments can vary 1–3°C. One degree drop in temperature reduces costs by 
about 5%. Therefore by basic adjustment can be achieved 10–15% savings in building energy 
consumption. 

Heating network control requires that all balancing valves work properly, only after that it is 
possible to adjust the water streams. Usually all or at least most of the radiator valves are re-
newed in context of heating adjustment. Heating network control should be done whenever the 
building heat demand changes. It may change, for example, when the use of rooms is changed, 
when extra insulation is added or when windows are replaced.  

5 RENOVATION NEEDS AND RENOVATION MARKET 

5.1 Renovation needs 

Most of the renovations are made to improve the comfort and functionality of the dwelling, or to 
reduce the overall wear and tear (see Figure 7). Most of the renovations are small repairs. How-
ever, the total market material and workmanship used in renovation is large.  

The main items in housing companies are repairing of water and sewer systems, bathrooms, 
windows and exterior doors, facades, balconies and heating systems (see Figure 8). Lesser items 
are repaired heating systems, public spaces, ventilation systems, electrical and computer sys-
tems, foundations and elevators. More and more the reason for the renovation is higher energy 
costs, improvement of the building's heat economy or replacement of the heating system. 
 

 
Figure 7. Residents’ reasons for renovation (data: Vainio, 2011). 
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The most significant dilatory factor to start of the repair is that the people have to live in the 
apartments during the renovation or they have to make special arrangements. Project start-up is 
also delayed because of the lack of shareholders ability to pay the costs and because of the deci-
sion-making problems in the housing company.  
 

 
 
Figure 8. Reasons for renovation in housing companies, based on renovation barometer 2012  
(Kiinteistöliitto.fi).  

5.2 Renovation market 

The focus in construction industry is changing from new construction to renovation. Today the 
share of renovation is about half of the total value of building construction (see Figure 9). More 
than half of the renovations are in residential buildings. The repairs in housing companies are 
still increasing in Finland because more and more buildings are reaching the age of renovation. 
Also low interest rates will support large renovations.  

 

 

Figure 9. Working hours in construction (stat.fi), million hours. 
 

Repair costs of housing companies were in 2011 about 1.3 billion euros (see Figure 10), 
which is about 75% of the renovation costs of all residential buildings. More than half of the 
renovation costs are focused on building HVAC systems, such as repairs of plumbing renova-
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tions. About a quarter of all the renovation costs are focused on non-structural repairs of build-
ings, such as the exterior walls, roofs, windows, outside doors and balconies. Share of renova-
tion in flats and inside structures is less than 10% of all renovation cost. Also the share of 6% of 
foundation structures is notable. 

 

 
 
Figure 10. Costs of annual repairs and renovation in housing companies (data: stat.fi). 

5.3 Prefabricated products for renovation 

Prefabricated building components are widely used in Finland, because they reduce the amount 
of on-site work. This reduces the working time and disturbance of residents. Prefabricated ele-
ment solutions are often used for encapsulation new pipelines and for construction of partition 
walls or raised floors (see Figure 11). New bathroom and balcony modules are also used. For 
facade renovations there are panel systems and for balcony renovations there are glazing sys-
tems. In addition there are modular constructions for inside or outside elevators or staircases in 
buildings where the lift does not exist, and block attic modules for buildings where an additional 
top floor is wanted. Facade systems, balcony modules and lift modules fit best to applications 
where the architectural look of the building is not an obstacle to the change. 
 
 

 
Figure 11. Some examples of prefabricated products for renovation (kone.com, harmiton.com, 
aulislundell.fi, cm-rakentajat.com, ruukki.com). 
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6 CONCLUSIONS 

The review of energy regulations shows that the requirements for new buildings have tight-
ened many times during last ten years, but first energy regulations for renovation are just com-
ing into force. The latest energy regulations are based mostly on EU targets and directives, 
which are precisely implemented in Finland. The fast development of requirements has caused 
many challenges for builders and property owners.  

The repairs of apartment houses can be relatively easily implemented in Finland. The collec-
tive ownership model, in which the owners of the apartments are shareholders of the housing 
company, helps the decision-making and financing of the renovations. The housing companies 
can have own savings and get own bank credits and state subsidies, since they can present the 
properties as collateral. Another important factor is that building maintenance manual is re-
quired in housing companies and therefore all repairs are planned in advance and residents have 
time to adapt the actions. 

In last few years the value of renovation market has been almost half of the total value of 
building sector. Because most of the buildings have not yet reached the age of 50 years, the val-
ue of renovations is still increasing. The most important impact in terms of energy savings in 
renovations will depend on how well the new 2013 energy regulations for renovation will be 
implemented. 
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1 INTRODUCTION 

The idea of Liverpool city engineer John Brodie, to build houses from prefabricated concrete 
panels, has come a long way from its beginnings in 1906. Interestingly, prefabricated concrete 
panel buildings gained popularity not in the UK, but in East European countries, the former So-
viet Union and Nordic countries. The technology has been picked-up later in many parts of the 
world, where fast development created need of affordable housing at mass scale. The rise of the 
concrete panel buildings in East Europe has been fuelled by post war housing shortage, and the 
forced industrialization programs in the 1950s. 

1.1 Historical overview 

The mass application of prefabricated concrete panel buildings in East Europe can be traced 
back to Khrushchev’s 4-5 floor panel buildings without balconies and elevators, built in the 
1950’s in the Soviet Union or even earlier, to the ideas of “flat buildings for workers” in the So-
viet Union of the 1920s-1930s, aimed for the population that came from the countryside in order 
to work in factories in the big cities. The political administration adopted quickly the prefabri-
cated panel buildings system as it proved to be quick and cheap to erect. When erecting flat 
buildings the emphasis was not on comfort or on the building’s energetic consumption but ra-
ther on the construction time and price. The early version, built before ‘60s were named “kom-
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munalki1” and the tenants had to share the kitchen and bathroom. Later, the legendary Khrush-
chevka’s, often joked about in popular culture, were also not designed with comfort to occu-
pants in focus. Luckily, these typologies became unpopular very early and the technology has 
not been exported abroad. 

In other East European countries the large panel-house building programs started somewhat 
later: 1965 Hungary (Kecskés, 2006), 1956-58 in Czechoslovakia, and 1958-1960 in Romania. 
By the end of the 1970’s prefabricated concrete panel buildings became the dominant form of 
construction. 

In Romania, most of the currently inhabited 57.431 prefabricated panel buildings have been 
built between 1960 and 1990. The overwhelming majority, 41.540 buildings have 5 floors. A 
second group of important typologies are the 9, 10 and 11 floors totaling 9180 buildings. All 
other configurations total only 7.440 units, 300 taller than 11 floors, 4.920 buildings lower than 
5 floors and 2.220 buildings having 6, 7 or 8 floors (see Fig. 1). Practically the two most wide-
spread configurations in Romania are the 5 floors and the tower (9, 10, 11 floors) typologies, 
with very few other configurations. 

One important milestone in the panel building program in Romania has been the Vrancea 
earthquake in 1977, which determined the authorities to implement several changes in the build-
ing configurations in order to increase earthquake safety. E.g. the 11 stories tower configuration, 
most commonly used in the 1970’s, has been replaced by the 9-storey configuration for the 
1980’s (Demeter, 2006). But the 5-storey configurations have been affected only at the level of 
detailing connections between panels, and the quality requirement for materials. 
 

 
Figure 1. Number of buildings each year (Demeter, 2011). 

1.2 Historical review of panel buildings in Romania and Central and Eastern Europe 

In Romania, as in the Eastern and Central Europe the erection of panel buildings started to grow 
once the communist regime gained power. As the key objective was to strengthen the economy, 
the industry developed with a high annual rate and therefore more and more man power was 
needed in the urban areas. The need of new dwellings increased significantly and a massive 
construction program started using state funding. Housing developments were promoted as the 
grand "achievements" of Communist central planning. Charming urban neighborhoods were 
bulldozed to make room for the rectangular, pre-fabricated concrete panel buildings that would 
hold countless more people - family over family, box over box (see Fig. 2). 

The main technical disadvantage of the buildings erected before the ‘60s is that there were no 
seismic design codes. In 1963 the first seismic design codes were adopted. Therefore panel 

                                                      
1 http://kommunalka.colgate.edu/cfm/photos.cfm 
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buildings built after ‘60s had some improvements regarding the structural design and the func-
tionality of the apartments as well (i.e. little kitchens and bathrooms for each apartment). The 
panel buildings built after 1964 have the concrete class B200 (C12/15) whereas the ones build 
before only B150. The seismic design codes in Romania were reviewed in 1971 and again im-
mediately after the earthquake in 1977. Since 1971 it became compulsory to use the concrete 
class B300 (C18/22.5). 

During 1965-1989, 4 million dwellings were built, more than 150.000 dwellings each year, 
according to the National Institute of Statistics. The reports had as a “measurement unit” of a 
conventional apartment, with a living surface of 29 square meter, therefore the larger apartments 
might have been counted as more dwellings. After 1989, 700.000 apartments were built, around 
35.000 apartments per year. The great difference in the number of new buildings can be partly 
explained by the market needs: 7.7 million people were born in 1970-1989 and only 4.2 million 
in 1989-2009. Today the tendency is not to build new buildings but to retrofit the old ones: 
thermal insulation, plumbing changing, and structural consolidation - issues that depend strictly 
on the homeowners. 
 

 
Figure 2. Typical apartment block area. 

1.3 Current housing situation 

Comfortable housing in a safe environment is a fundamental necessity which is still a challenge 
for many European families. In 2009, 41.8% of the European population lived in flats, 34.4% in 
detached houses and 23.0% in semi-detached houses2. Proportions are similar in Romania. Ac-
cording to the Census of Population and Housing of 2011, the country had 19.0 million inhabit-
ants. They were living in 8.5 million dwellings with 22.7 million rooms, having a total living 
area of 398 million m2. The average dwelling has 2.7 rooms and 2.66 inhabitants. 52.8% of the 
population is urban population – most of the flat buildings are concentrated in the urban areas. 
The number of flat buildings was 84.000 (of which 57.431 made of concrete panels), with 2.5 
million apartments. 

The 387 dwellings for 1000 inhabitants are slightly less than the European average – and the 
average living space of 14.98m2/person suggests problems with overcrowding. This conclusion 
is also reported by Rybkowska & Schneider (2011), concluding that over 50% of the population 
lives in overcrowded conditions (see Fig. 3(a)). 

On the other hand, home ownership rate is very high (see Fig. 3(b)), and buying with credit is 
not a common or desired choice. Only the young generation is open to enter credit schemes and, 
following the lessons of the economic crisis of 2008-2009, reluctance is strengthened. 

                                                      
2 http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Housing_statistics  
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(a)                     (b) 

Figure 3. (a) Overcrowding rate (% of population) and (b) distribution of the population by tenure status 
in 2009 (Rybkowska & Schneider, 2011). 

2 REVIEW OF TECHNOLOGIES 

2.1 The large panel system 

The panel system refers to multi-storey structures composed of large wall and floor panels con-
nected in the horizontal and vertical direction in order to enclose the rooms within a building, 
forming box-like structures (see Fig. 4) 

The basic elements of the prefabricated blocks are the wall panels and floor panels. If the 
panel is exterior, it is usually made of three layers of material, 2 concrete layers for load bearing 
and protection against weather, and between them one thermal insulation layer which is usually 
mineral wool. The panels are lifted to place during assembly one by one, and the edges are con-
nected together using on-site welding and concreting of the specially prepared locking elements. 
In order to gain efficiency, the panels are delivered to site with as many readymade details as 
possible, to eliminate the manufacturing processes on the site. 

The wall’s thickness ranges between 120mm for the interior walls and 300mm for the exteri-
or ones. The floor panel thickness is 60mm. In some cases the exterior façade is made of light-
weight concrete. The panel connections – horizontal and vertical - are the key structural details 
of a panel building. Depending on the construction technology, they can be wet (with cast-in 
place concrete poured between the concrete panels) or dry (realised by bolting together steel 
plates cast into the ends of the panels). 

The quality of the design, but also of the materials and details realized at the site varies wide-
ly depending on the era of building, but the fundamental outcome of this building technology is 
a system of boxes with a standardised layout depending on the size of the panels. Another char-
acteristic is that all walls of the system are load-bearing and they are indispensable for the integ-
rity of the whole building. 

Depending on the wall layout there are three basic configurations of panel buildings: 
• Cross-wall: the main load bearing walls are placed on the short direction; 
• Longitudinal- wall: the walls resisting vertical and horizontal loads are placed on the longi-

tudinal direction; 
• Two-way system: the walls are placed in two directions. This is the main configuration 

used for the Romanian panel buildings. 
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In Romania, the lateral stability is ensured by tying the wall panels. Splice bars welded to the 
transverse reinforcement of the adjacent panels ensures the unity of the panels Brzev & Gueva-
ra-Perez (2011). 
 

 
 
Figure 4. A large-panel concrete building under construction (Brzev & Guevara-Perez, 2011) and scheme 
of assembling of panels. 
 
From the structural point of view, this system is extremely strong and resilient. Concrete panel 
buildings behaved excellently in the Vrancea earthquake in 1977, and in the subsequent earth-
quakes followed in 1986 and 1990. They are not likely to present any danger to occupants. As 
result of the strong tying of the panels for earthquake purposes, in the few examples of gas ex-
plosions, panel buildings also proved to be very stable. Figure 5 shows an extreme example, 
when gas explosion destroyed several panels from the façade of the building in two perpendicu-
lar directions. Despite of the severe damage, progressive collapse was not triggered and occu-
pants could evacuate, even if the building had to be demolished later. 

 

   
 
Figure 5. Ground floor external walls destroyed in a gas explosion in 2007, Zalău, Romania (Photos by 
Andrea Soós). 
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2.2 Main problems of the flat buildings 

Many of the problems related to the panel apartments can be traced back to the basics of this 
building typology. As mentioned earlier, all walls of the system are supposed to bear load, and 
they are essential for the integrity of the building, resulting in fragmentation of the interior 
space. 

While, buildings were not designed with a predefined service life period, as the codes of that 
time did not have such specifications, their intended life period was approximately 50 years. 
However, the majority of them have had no major maintenance operations as they are not in a 
monitored maintenance program which should have been established at their erection. 
In addition to their eventual faulty construction, functionality problems (small rooms) and inad-
equate maintenance, low energy efficiency is also becoming a growing disadvantage. Coupling 
these technical problems with the social problems associated with the forced creation of new 
communities in the panel neighborhoods, results in a generally negative perception. This nega-
tive perception is common among inhabitants of panel buildings, fuelling a wish to move away 
(Egedy, 2000). Such tendencies are questioning the social sustainability of the neighborhoods, 
as the market worthiness of the properties is degraded. 
As a summary, flat buildings in Romania have the following major problems: 
 They need fast repair and consolidation; 
 Most of the flat buildings erected before 1990 need thermal rehabilitation – they are in low 

energetic classes, and the heating costs are high; 
 The plumbing and electrical system is old; 
 The Homeowners Associations (HOA’s) do not have the necessary resources to successfully 

solve the problems that arise. 

3 OWNERSHIP MODELS 

3.1 Ownership in Romania and EE Countries 

The apartments built in 1950-1990 were owned by the state. The inhabitants were tenants who 
in the majority of cases moved from the countryside in order to work in the factories. Due to the 
political ideologies of the regime, the private property disappeared. 

This situation changed after 1990, when the private property became protected and guaran-
teed by law. The authorities decided to sell the apartments to the tenants, initially at the price of 
100.000 lei (the average price from 1989) equivalent of 32 monthly salaries. As the inflation 
was out of control, in 1993 this sum represented only 1-2 monthly salaries. The price of the 
apartments, though, did no change. Therefore, one apartment could be bought with only a few 
hundred dollars. As a result, in Romania around 96% of the apartments are now owner occu-
pied. 

In other countries the authorities treated the concept of private property differently. In Ger-
many a large proportion of apartments are still owned by state-run housing companies or co-
operatives. They regularly maintain the grounds, as the German laws require the flat owners to 
invest in their housing stock. On the other hand in Bulgaria, although there are significantly 
more owner occupied apartments, there is no organized system implemented for building ad-
ministration, not even a place for the inhabitants to meet and discuss the problems of the build-
ing. 

Even with the high ownership rate, Romania has a quite low property rights index (5.3), with 
most central European Courtiers being in the mid-range (Slovakia 6.2, Latvia 5.6, Poland 6.2, 
Hungary 6.4, Czech Republic 6.4), and Nordic Countries scoring very high (e.g. Finland 8.6, 
Sweden 8.5). The property rights index3 measures the degree to which a country laws protect 
private property rights, and the degree to which its government enforces those laws. Higher 
scores mean that the property rights are better protected. 

                                                      
3 http://internationalpropertyrightsindex.org/ 
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3.2 Condominium versus collective ownership models 

The ownership model, implemented in Romania after privatizing the state owned apartment  
stock after 1990, is a condominium type ownership. In this scheme, the apartment itself is a pri-
vate property, while shared parts of the building are used under legal right associated with own-
ing the apartment. They are divided co-property of the apartment owners; co-owned by them. 
Co-ownership, “coproprietate” in Romanian legal terminology, extends to all commonly used 
parts of apartment buildings, land, foundations, cellars, stairways, elevators, external walls, 
roofs, depositing areas, entrances etc. Owners are organized in home owner associations or 
HOA’s, for the purpose of managing the co-owned parts of the property, but also to pay utility 
bills and other costs that are not divided by service providers to individual owner level. 

The Homeowners Associations establishment, management and functioning is done accord-
ing to the Law no. 230 from 06/07/2007. According to Chapter II, Art. 4. The HOAs “have the 
responsibility to administrate and manage the common property, which asides from rights, im-
poses obligations for all of the owners.” HOAs should define the common interests of the own-
ers, find financial means to repair and upgrade the buildings, and have the legal and technical 
expertise to manage construction contracts. The law states that local authorities have to support 
the HOAs. However, in their current form, HOAs lack managerial skills and professional exper-
tise for management (e.g. economic or legal issues). 

An alternative model for owning buildings is the so called collective ownership model, fre-
quent in Nordic countries. In such houses, the right to reside in a particular house or flat is tied 
to the ownership of shares in the housing company. In essence, the housing cooperative owns 
the building/buildings, and the shareholders own the housing company. The ownership of shares 
associated with an apartment automatically entitles one to live in that apartment. 

In Finnish legal terms, the transfer of a home owned by a housing company is seen as the sale 
of shares in the housing company, not a real estate transaction. However, the perception of the 
occupant is very strongly that he/she owns the apartment. So much so, that “owner-occupied” is 
most frequently used term for this type of ownership. 

Residents pay a monthly fee to the housing company to cover maintenance costs, heating 
costs and the water supply. Housing company decisions are defined by residents at open meet-
ings. The main advantage of the scheme is that the housing company, as legal entity, is able to 
enter agreements for maintenance and renovation, or to sign loan agreements with banks for the 
financing of such renovation. 

3.3 Influence of ownership on maintenance 

Despite of the many shortcomings of the panel building typology and their negative perception, 
their replacement is not a viable option even on the medium to long term. Hence, workable 
maintenance and upgrading solutions have to be found and promoted. The following list of 
problems is presented with the aim of searching solutions. 

One difficulty in HOA, as organized in Romania, is the lack of ability to agree on mainte-
nance and renovation. Traditionally, it takes the full agreement of all owners to contact a bank 
loan to finance renovation of the building. In case of larger associations there is practically no 
chance to achieve unanimity, throwing the HOA in impossibility of deciding (Kecskés, 2006). 

This has been the general situation until recently. But even with lowering of the required 
votes from 100% to majority, it will just make the group to decide e.g. to renovate, and then 
force a private individual to pay a bill. This approach has its limits, as the individual owner 
might not be in the situation to pay or to have a loan guaranty individually. So the leverage of 
the group over the individual is limited. It is not a surprise that current financing schemes for 
renovation leave only a minor part of the expenses to be paid by owners. E.g. 20% in Romania 
is paid by the owner while 50% or 30% is paid by the state or the local authority. In total 2/3 of 
the loan interest financing the renovation was paid by the state in the panel renovation program 
launched in 1995 in Hungary too (Kecskés, 2006). 

In the collective ownership schemes, the situation is different. Once the decision is taken by 
the owners meeting, the contracting of the bank loan is not an individual burden, but it is done 
by the housing company. The guaranty to the bank is the collectively owned building, and the 
individual shareholder pays the interest corresponding to his shares in the housing company; or 
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he pays off his share of the housing company loans. Apartments, more precisely shares, are 
freely sold on the market with outstanding renovation loans; the loans are simply transferred to 
the new shareholder. 

Another problem, in most Central European countries, is that negative perception of an 
apartment block area leads to an outflow of financially able occupants. Paradoxically, living 
costs are much higher in panel buildings than in privately owned detached houses, since the oc-
cupants has no choice in affecting the utility prices. The reversing of this tendency should be the 
first priority of the local authority city planners, but utility suppliers are interested to keep high-
er incomes. 

The neighborhood level degradation can also be traced back to several factors. One is certain-
ly the inability of the city authority to provide proper maintenance services. But an equally 
strong factor is the property division of the land around buildings. Practically, only the land just 
under the buildings enters in the co-ownership of the occupants, all land around the buildings is 
public/city land. This arrangement leads to feeling of estrangement on the side of the occupants, 
and once the city is neglecting its obligation of maintenance, it is very rare that HOA’s are mak-
ing any effort to extend maintenance to these areas. In fact they would even enter in legal con-
flict with the city authority if they do so. The result is a feeling of abandoned public spaces. 

Similar fate of the abandonment has the co-owned parts in the buildings e.g. access corridors, 
stairwells, elevators etc. The ownership arrangements lead to estrangement, and occupants make 
little effort to maintain or improve these spaces. 

In the collective ownership scheme, the housing companies use usually external housing ser-
vice, whose main task is to manage the property in accordance with the housing company's de-
cisions. Also the building site is treated because the housing company either owns the land or 
has leased it from the city by a long-term contract. 

A second strategy of the city authority in Romania could be to transfer land (e.g. internal 
courtyards) to the HOA’s, by selling or long term lease. Hence the playground, parking space, 
trees etc. in a courtyard could become the responsibility of the HOA’s to maintain, prompting 
people to look after what they perceive as their own. 

There are numerous cases presented by the media highlighting the inefficiency of the HOAs 
management system in Romania4,5. One of the main flaws is that management tasks are carried 
out by untrained administration staff. As result of widespread amateurism, many HOAs were 
penalized by the city as they proved to have been writing unreal amounts of expenses on pay-
ment lists. 

As a summary, at the market psychographic level one can observe the attitude, that: 
 “Home” is a priority for people, but “Home” is ending at the apartment door (worst case), or 

at the entrance to the building (better case); 
 Therefore, public area is out of focus and often looks neglected (“Not mine!”); 
 Global view of facades also neglected (“Not mine!”). 

4 RECENT TRENDS OF RETROFIT INTERVENTIONS 

Since the Ministry of Regional Development and Tourism (MRDT) started the national program 
of thermal rehabilitation6, many owners became more aware of the importance of energy effi-
cient dwellings. 

As the unanimity, needed for the renovation program, is hard to achieve in a large HOA, 
owners sometimes decide to resume to individual thermal renovations (see Fig. 8). This solution 
is not desirable due to the aspect of the buildings’ façade and because it is not as efficient as it 
should be. For example the rehabilitated flat would have heat losses through the walls adjacent 
with the apartments that are not thermal renovated as the temperature within the building is 
prone to equalizing. The local public administration has a great responsibility regarding the in-

                                                      
4 www.adevarul.ro 
5 www.locatar.ro/Forum 
6 http://www.mdrt.ro/en/programe-de-reabilitare-termica 
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dividual renovations, but fails to make adequate regulations. In many cities there is no regula-
tion that requires any kind of approval for the works involving the envelope of the building. As 
a result, one can find at the same block of flats various types of windows, various colors for the 
newly rehabilitated apartments or the old colors for the apartments that were not rehabilitated 
(see Fig. 8). 

 

   
 
Figure 8. Individually rehabilitated flats (Photos by Zoltán Szabó). 
 

Another trend regarding flat buildings is the over roofing of the flat buildings. The solution 
seems adequate to solve the lack of dwellings with spacious new apartments. Before a new floor 
could be added, all the owners have to approve it. As there have been many situations in which 
this unanimity was impossible, the new law 170/2012 eased the requirement by making over-
roofing legal with only 2/3 of the owners’ approval. 

Usually in context of the renovation, the investing company upgrades the plumbing of the 
building or rehabilitates the access routes of the increased traffic. A disadvantage of these types 
of interventions is that the increased number of occupants in the region is putting pressure on al-
ready overloaded infrastructure. 

A third trend in renovation is to modify internal partitions of apartments. As the initial design 
for the functionality of the flats is outdated, many owners are modifying the partitioning in or-
der to obtain larger and more comfortable rooms. In a large number of cases the ventilation 
ways are obstructed. The ventilation of the building may also be affected by the roofing works. 
This type of intervention is also very problematic when undertaken individually, from the point 
of view of overall safety of the building. As mentioned earlier most walls have been designed to 
participate in carrying the load, removing them is not acceptable from structural point of view. 

Many of the shortcomings of the Ministry of Regional Development and Tourism (MDRT), 
which manages national program of renovation and increasing energy efficiency, can be traced 
back to the structure of ownership. In fact, the MDRT program is paying a substantial share of 
the cost of renovation, and also demand the HOA’s to work together as a whole – but not ac-
cepting exceptions on the side of the owners. They must all participate. 

Still the program is missing on the complexity of the problem related to panel building 
neighborhoods, being exclusively focused on thermal rehabilitation, i.e. putting external thermal 
insulation and changing the windows. Even in this respect, there is a need for a more systematic 
approach, if the improving of the aesthetics of the buildings is desired. 

It is also a disadvantage, that immediate costs are virtually the only drivers of choice of reno-
vation solutions. Not using life cycle costing and not being more safety conscientious leaves 
HOA’s to choose the cheapest and fastest solution – usually some polyurethane foam wall insu-
lation and plastic windows. 
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5 STEPS FORWARD: MODELS FOR BUILDING ADMINISTRATION 

In the next chapter we present three visions of business strategies to participate/activate the ret-
rofit market in Romania. We discuss the visions as potential possibilities and we analyze their 
weaknesses and strengths. The strategies are: 
 Franchise System – With offering renovation services as a product and with target clients of 

Developer Companies, Construction Companies and Building Management Companies. This 
scheme could be implemented by a company or consortium with an extended portfolio of 
renovation products and solutions; 

 Profit-Hunter facilitator Company System – Involves the creation of an association by a 
group of business companies in order to extend their operation in offering refurbishment ser-
vices; 

 Assisted self-organizing model – Based on the idea of facilitating HOA’s own organizing 
and creation by direct investment of Management Companies (MC’s). This scenario would 
require the cooperation of recently created MC companies with places where the practice is 
established (like in Finland) for the purpose of know-how transfer. 
 

Only the first two models are sketched below in more detail. 

5.1 Franchise system 

5.1.1 Executive summary 
ReNova LTD, is large corporation primarily for selling renovation solutions to the construction 
market. ReNova executes a business plan to partner with local companies in order to distribute 
its innovative, “turnkey” solutions for retrofitting and improving energy efficiency existing 
building stocks in emerging markets. 

5.1.2 Keys to success 
 Creating an effective and trusted support/selling base with local construction and develop-

ment companies; 
 Support with technological know-how the network, both at the bidding and execution phase. 

Solutions of ReNova are innovative and require supervision in application; 
 Respect the interest of the local “dealer networks” and their ability to market the product to 

their customers; 
 Cautiousness with partners in the network – today’s partners may turn out tomorrow’s com-

petitors. Be one step ahead in innovation – always have a new upcoming product, better than 
the previous and applicable “exclusively” with technical support. 

5.1.3 Mission and objectives 
The mission of ReNova is to bring technological know-how to the market, providing technolog-
ical support to local Development and Construction Companies. Dealing with the end users, the 
HOA’s are left for local market players. Providing services to, and supporting the local compa-
nies in identifying market needs and viable service and product ranges for the future, is the key 
feedback loop needed to keep ReNova in competition. 
 For short term: To start to build and steadily expand the dealer’s network, starting with key 

local players in the renovation business; 
 For long term: Constantly create new ways to facilitate the work of the network by technical 

supporting, evaluation software, studies supporting the marketing of products and services. 
Keeping the network connected to ReNova by periodically launched innovative products. 

The objectives of ReNova are to: 
 Start and expand the dealer network; 
 Collect feedback from dealer network; 
 Improve support services – these are directed to dealer network (construction companies and 

developers), not end user’s e.g. HOA’s. 
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5.1.4 Organization summary 
ReNova is a focused on on-going renovation trends and the dynamics of companies working 
executing renovation works. The aim is to offer attractive terms to the more successful renova-
tion companies and attract them to the franchise scheme offered by ReNova. 

5.1.5 Services 
Planned service package include: 
 Technology - The product range of ReNova will be sold to the network together with techno-

logical know-how, planning and design support and training for Development and Construc-
tion Companies. ReNova gradually develops the online support system for the companies in 
the network. 

 Collaboration within network – On the feed-back loop ReNova collects information on from 
companies concerning the opportunity of introducing new product ranges to market, or to 
develop entirely new product ranges based on market demand. 

 Promotion of sustainable retrofitting - ReNova will launch and develop online site and plan-
ning support tools directed to HOA’s and building owners. The aim is to educate the end us-
er concerning the aspects of sustainability and eco-efficiently of the renovation choices. An-
other aim is to provide very basic tools/form templates/calculation sheet templates to support 
decision by end users. 

5.1.6 Market analysis 
The main customer focus of ReNova is on local emerging Construction Companies carrying out 
renovation work in Romania. Most of these companies are of small size, and they need support 
in the learning phase of adapting ReNova technology. What they contribute to the partnership is 
their local clientele, where they start promoting ReNova solutions instantly. Choosing dynamic 
companies for the network is essential. 

ReNova will take decision on tolerating the use by the partner Companies of oth-
er/competitor’s solutions in parallel with ReNova’s on the case-by-case basis. Terms will be re-
negotiated on 2 yearly basis. As the ReNova brand is becoming more established on the market, 
stricter criteria can be applied. 

Developer companies are the secondary focus of ReNova. They are less active in the renova-
tion business, and usually have their own networks of designers/builders. 

5.2 Profit-hunter facilitator company 

5.2.1 Executive summary 
RetroCon, is an organization created to execute this pilot business models – in order to support 
Romanian Real Estate Development companies and House Owner Associations (HOA’s) in 
their management of changing to a sustainable model for their building stock. This support in-
cludes the management of new technological solutions, making thermal retrofitting of old build-
ings and improving the usage of energy, transforming old inefficient buildings into sustainable 
one, making in that way a step forward in thinking green and improving the quality of life of the 
occupants. 

5.2.2 Keys to success 
 Building a strong support base with some Romanian Real Estate Development companies 

and House Owner Associations; 
 Creating an effective network between Managing Companies and House Owner Associations 

to facilitate cross-communication and contacts; 
 Raising the viability of model transposed to Romanian market, for all transferable know-how 

and technology that is being applied on the established West European markets; 
 Strong and straight forward communication with Owner Associations, to facilitate the 

change. 
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5.2.3 Mission and objectives 
The mission of RetroCon is to bring know-how, technologies and applicable business models to 
Eastern European countries into public use; thereby providing economic development assistance 
to Romanian Real Estate Development companies and House Owner Associations to improve 
the efficiency of energy usage, providing service to the technology transfer staff of each institu-
tion by assisting in identifying, protecting, developing and transferring technology to the private 
sector and generating income. RetroCon perspective is in its ability to link market players from 
various private companies to transfer know-how that can then be marketed in Romania in the 
private sector. 
 For short term: To start retrofitting buildings, whose first service time was long time ago 

elapsed; 
 For long term: Redefine the objectives and status of Owner Associations, developing long-

term relationships with the new defined Administrative Business community. 
 
It is a problem of economy of scale, since this process is at the beginning and not much previous 
experience exists. Currently, there is a Government program funding in Romania, started in 
2009, which gives support for thermal retrofitting of old buildings. This is far less than the 
number of buildings, which should to be included in a similar program. The objectives of Ret-
roCon are to: 
 Increase of corporate membership in RetroCon; 
 Establish the contact with the Owner Associations Federation from Romania (FAPR7); with 

active organization RetroCon should achieve an increase of membership by 15% each year. 
 Facilitate two new building retrofit agreements in the first year and increase the number of 

agreements each year; 
 Create new linkages between industrial partners and developers and develop new collabora-

tive relationships between main players; 
 Develop a RetroCon webpage / database that will link players in this project. 

5.2.4 Organization summary 
RetroCon is a focused program that offers a powerful resource to Romanian Real Estate Devel-
opment companies and House Owner Associations seeking new solutions and technologies to 
improve the energy efficiency. The program also seeks linkages between foreign and Romanian 
companies in developing new partnerships that will generate additional corporate interest. 

5.2.5 Services 
Planned service package include: 
 Technology – Assist in identifying potential application of developed solutions and evalua-

tion of these application areas to determine the commercial potential. A database should be 
created and maintained by RetroCon in order to respond quickly to requests for information 
from the Home Owner Associations and developers. It should be created a quick and acces-
sible resource that will identify applications and industrial partners that match their interest 
areas; 

 Industry Collaborations - RetroCon will actively seek collaboration opportunities between 
industrial partners and home owner associations / developers / FAPR; 

 Retrofitting Technology Conferences - RetroCon will organize two conferences in Romania 
each year, focusing on the areas of Energy Efficiency, Sustainability and Retrofitting Tech-
nology; 

 Newsletter and Promotional Publications of old building retrofitting - RetroCon will produce 
a quarterly promotional publications directed toward the home owner association which will 
focus on current development / case studies on retrofitting.  

                                                      
7 www.fapr.ro  
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5.2.6 Market analysis 
RetroCon will first focus on creating the information base necessary to satisfy industrial players 
that are currently prospecting for applying the existing retrofitting technologies. Branded com-
panies are an advantage, but also include medium-to small-sized companies. 

Two important groups of potential targeted customers were identified: development compa-
nies and HOA’s. Both of them have limited resources and know-how to manage the owned 
building. It is critical that they find RetroCon an excellent tool in quickly identifying retrofitting 
technologies and know-how that will lead them to achieve their new goals. 

RetroCon will provide a service that will correspond to the agreed set up in the Retro Consor-
tium Council. There will be both a full and associate membership option in the Retrofit Tech-
nology Consortium Council. We anticipate that larger companies will select the full member-
ship option because it will offer additional research services. An associate membership is 
tailored for the medium- to small-sized companies whose contacts will be less frequent. 

5.2.7 Service providers analysis 
The Home Owner Association (HOA) access to funds range from excellent in some cases, to 
completely chaotic and frustrating in most others areas. 

RetroCon 's goal is to assure access to knowledge and funds through a streamlined process 
that leaves the targeted Home Owner Associations both satisfied with the results as well as the 
time invested in the searching process to solve their own problems. 

5.2.8 Competitive Edge 
RetroCon's competitive advantage is their members experience from the home market. Retro-
Con 's focus is to support the HOA in their successful pursuit of energy retrofitting technolo-
gies. The most critical component is the responsiveness of the program to HOA inquiries into a 
specific formulated problem. 

The best scenario is the case study highlights provided by RetroCon before initial inquiries 
are made. RetroCon will strive to open doors for companies so that long-term relationships will 
develop and companies will become members of the Retrofit Technology Development Coun-
cil. 

The approach is decidedly sales-oriented in focus. This is a critical advantage when other 
competitors will start in competition with RetroCon. It is important that HOA will find Retro-
Con solutions viable and easy to access. 

Yet the key to RetroCon 's success will be in how the program evolves in response to HOA 
demands. RetroCon's Retrofit Technology Development Council should have that evolution. 
The Council will provide companies with the access to fine-tune services to improve the pro-
gram's ability to meet this particular market demands. 

6 CONCLUSIONS 

Based on the review of the Romanian market situation and the discussions reported here, the 
following general conclusions can be drawn: 
 A great and growing need exists for renovation of the concrete panel building stock in Ro-

mania. Most of the buildings are built in the 70’s and 80’s and they are reaching the service 
life stage when retrofit is unavoidable. In this respect, even small stimulation can create good 
results on the market. 

 Renovation market is quite new and rapidly evolving – competition is not yet fierce, but in-
ternational companies are attracted by increasing number of EU and Government financing 
programs. 

 Financing programs have particular rules; they are often overly bureaucratic and are some-
times distrusted by the Home Owner Associations.  

 Home Owner Associations have no technical and legal knowledge to navigate the renovation 
process. It is imperative to support the HOA’s with technical and legal information (private 
sector, associations, and local authorities). Lack of good technical information already re-
sults in substandard ad-hoc renovation solutions being applied with no responsibility. 
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 Existing weak legislation and lack of information on the side of HOA’s is already creating 
disastrous renovation examples in Romania. 

 Three possible business models for private actors operating on the renovation market or ac-
tors interesting in accessing the market are proposed. Because the models were not tailored 
to a certain market player they are sketchy. They also represent different depths of involve-
ment in developing the market – but in all cases important emphasis was put on educat-
ing/informing/strengthening the HOA’s, because the authors felt that they do represent a 
weak link in implementing a sustainable future focused retrofit strategy for the panel build-
ing stock. 

 
So coming to the initial question: Are we too capitalist/individualist, and forget to focus on a 
comfortable life? Not easy to answer. But, certainly, one fundamental problem of administering 
panel buildings is related to HOA’s inability to take decisions as an entity; individual interest 
overriding/blocking the interest of the group. Authorities should further strengthen the stand of 
the HOA’s in relation to the individual owner’s interest, perceived or real. Ideally, panel build-
ing administration should be shifted from the “weak condominium ownership model” of today 
towards more “cooperative” ownership models, where the say of the group has priority over in-
dividual interest. 
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1 INTRODUCTION 

1.1 Solar Decathlon competition 

SD is one of the biggest competitions for students, PhD students and young researchers in order 
to develop a solar house prototype and to respond to the sustainability challenges. It was first 
held in the US and later imported to Europe. It challenges the collegiate teams to design, build 
and operate solar-powered houses that are cost-effective, energy-efficient and attractive. The 
main purposes of the competition are: to educate students and the public about the green-energy 
solutions and to demonstrate to the public the comfort and affordability of homes that combine 
energy-efficient construction and appliances with renewable energy systems. 

SD Europe 2014 is the third European edition and will be held in Versailles in the summer of 
2014. The previous editions, 2010 and 2012 were held in Madrid. The 2012 edition gathered 
over 10.000 visitors in only one week of exhibition. There were 8 editions from the beginning 
of the competition in 2002, which gathered 112 collegiate teams and 17.000 participants. 

1.2 Main purposes of the competition 

The focuses in the 2014 edition will be: 
- density – sustainable collective housing solutions are needed in order to minimize envi-

ronmental impacts on urban level; 
- mobility – reducing energy consumption due to end-user transport; 
- sobriety – produce clean energy and consume it wisely; 
- innovation – innovation in architectural design, energy-efficiency solutions, using solar 

power, development; 
- affordability – the key issue for applicable sustainable architectural and urban solutions; 
- the project in its environment versus the prototype in competition. 

There are ten categories that will receive points during the competition (hence the name de-
cathlon): 

- architecture; 
- engineering and construction; 
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- energy efficiency; 
- electrical energy balance; 
- comfort conditions; 
- house functioning; 
- communication and social awareness; 
- urban design, transportation and affordability; 
- innovation; 
- sustainability. 

The competition had a qualification phase that was held in December 2012. The 20 team 
qualified and the 7 complementary teams will have to complete all the seven phases (deliverable 
1 to 7), according to the rules of SD 2014 between January 2013 and November 2014. 

2 TEAM UP-TIM – PRESENTATION 

2.1 Up-TIM and its place among the competitors for Versailles 2014 

Up-TIM is an interdisciplinary team composed from students and teachers from the Politehnica 
University and the West University of Timisoara, comprising various specialties: architecture, 
interior design, structural design and engineering, communication and public relations, systems 
engineering - building installation and specialists in clean energy production and photovoltaic 
panels. 

Our team qualified in the third place on the complementary list. The first 20 team qualified will 
build the prototype, while the seven teams that are on the complementary list will compete for the 
deliverables 1 to 3 – namely the project. The first three teams will have the opportunity to build the 
prototype, so the competition will continue until November 2014 (deliverable number 7).  

2.2 Overview of up-TIM’s technical proposal  

The main objective of the team is to promote a sustainable way of building in relation to exist-
ing resources and social context of Timisoara. All the issues related to sustainable development 
will be addressed in this project: ecological, social, economic and cultural. 

Four main points were taken into consideration for the assessment of the technical proposals: 
- technical innovation and design; 
- fund raising and team support; 
- curriculum integration and special considerations; 
- organization and project planning. 

From the technical innovation and design perspective, up-TIM’s proposal takes into account 
the specificities of the “gray neighborhoods” in Timisoara, as this is one of the cities with the 
poorest conditions for the apartments, especially those built between 1975 and 1982 (the vari-
ants for T770 model). The team considers that weaknesses can be transformed in opportunities 
by having an integrated innovative approach, using low-tech and passive systems. 

Fund raising and team support: The proposal is based on an integrated strategy involving all 
the stakeholders responsible for changing our city: the inhabitants of the city, universities, local 
authorities, development agencies, NGOs, private companies, media and professional organiza-
tions. The fund raising is planned and we expect to have the support of universities, local au-
thorities, business clusters dedicated to alternative energies, private companies, not only from 
Timisoara, but also from the West Region, NGOs, civil society and media. 

Curriculum integration and special considerations: This project is a major step towards form-
ing such an interdisciplinary team in the universities of Timisoara (involving so many special-
ties). It also proves a proactive attitude of the university regarding the city life and its real prob-
lems. 

Organization and project planning: The team is organized with the idea to carry some further 
projects and actions in the spirit of sustainable community development. 
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2.3 Main objectives of the team 

The team’s goal is to promote a sustainable way of building in relation to existing resources and 
social context. All the issues related to sustainable development will be addressed in this pro-
ject: ecological, social, economic and cultural. 

Our vision is to meet specific needs of the Romanian context and the local requirements and 
possibilities of Timisoara by identifying the opportunities and proposing the most viable and af-
fordable solutions adapted to local context (“Technical innovation and design”). 

The entire solution is based on an integrated strategy involving all the stakeholders responsi-
ble for changing our cities: first of all the people – the inhabitants of the city, universities, local 
authorities, development agencies, NGOs, private companies, media and professional organiza-
tions. All will be partners in the project and also its beneficiaries on a long run (“Fund raising 
and team support” and “Organization and project planning”). 

One of the most important issues is the education of civil society in the spirit of sustainable 
development and to exercise a proactive attitude of all stakeholders related to their way of liv-
ing, their neighborhoods and their cities (“Fund raising and team support” and “Curriculum in-
tegration and special considerations”). 

On a short run, we aim to develop an interdisciplinary team spirit in the universities, involv-
ing students from various faculties. On a long run the success of this project will prove to be the 
first step towards an integrative vision of the higher education and this is the best choice for the 
future for HE development (“Curriculum integration and special considerations”). 

3 UP-TIM’S TECHNICAL PROPOSAL 

3.1 Background 

It is normal for a nation to accept its own history. Romanian people perceive that the communist 
era marked the city with the so called “gray districts” made from blocks of flats. They are per-
ceived as “gray districts” because they offer poor living standards, lack personality, green spac-
es and recreational areas. Around 60% of the urban population in Romania lives nowadays in an 
apartment situated in such a quarter. This type of building is a dominant presence in the Roma-
nian society because of rapid urbanization between 1960 and 1980, when a large proportion of 
the rural population was moved to new towns developed around industrial plants. Although the 
appearance of these buildings was influenced by the theories of modernism, implementation in 
Eastern Europe was created with the idea of obtaining a large number of cheap housing, quickly 
and easily built using prefabricated panels. 

3.1.1 The importance of retrofitting older buildings for the 20-20-20 EU targets  

Retrofitting older buildings is one of the most important issues for the European commitment 
towards the targets of CO2 and GHG emissions reduction and energy efficiency. According to 
Eurostat statistics, in 2009 European households were responsible for around 70% of the total 
final energy use in buildings and the space heating is the most energy intense end-use in EU 
houses. It is obvious that the policies addressed to the retrofitting of this part of the stock are 
crucial.  

One of the most debated issues today is to find locally adapted measures that can be taken in 
order to assure the commitment for the 20-20-20 EU policy and to find alternative and innova-
tive solutions for the cost-optimal energy performance of buildings adapted to the local market. 

3.1.2 Specificities of the apartment buildings in Romania among other EU countries 

The data presented below are taken from the BPIE study from 2011 “Europe’s buildings under 
the microscope – A country-by-country review of the energy performance of buildings”, from 
the National Institute of Statistics – results of population census and from urban and sociologi-
cal studies. 

The apartments of our country provide some of the poorest living conditions for the citizens. 
The apartments are small and, in many cases, over-crowded. The apartment floor space is 
around 17 to 20 sqm / capita (in other EU countries is between 31 and 36 sqm / capita). 
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Despite this fact, the satisfaction with the personal dwellings is quite high. The sociological 
studies performed in our country reveal that dwelling satisfaction increases steadily with each 
additional square meter, up to a point. A logical conclusion is that inhabitants will desire more 
space in the future, a trend that is already visible looking at residential constructions in Romania 
after 1990. Another important point is that Romania has 95% owner-occupied residential build-
ings, by far the highest percentage among all the European countries.  

Currently in Romania are ongoing programs supported by various authorities that encourage 
thermal rehabilitation of existing blocks. Although these programs have a whole building ap-
proach, they are limited to achieve a better level of thermal insulation, without solving the prob-
lems of ventilation, air tightness and the relationship with the environment. 

On the other hand, top-down approaches proved unsatisfactory results in Romania, as they 
have no continuity and the financial support is insufficient. The local construction market found 
its own solutions, but they do not lead to a win-win situation on a long run (as presented in the 
case of Timisoara). 

3.1.3 Local context - specificities of the built stock made from prefabricated panels in 
Timisoara – from weaknesses to opportunities 

Understanding specificities of the built stock made from prefabricated panels in Timisoara is the 
first step to find a solution suitable for the local context. We will present some points that we 
consider weaknesses, but properly managed, can be seen as opportunities for developing a con-
cept.  

In Timisoara, the collective dwellings made of large prefabricated concrete panels, most of 
them 5-storey high, represent 40% of the housing stock. In the city there are three main types of 
block of flats ground floor and four storey: model 770, 744 (built between 1970 and 1980) and 
1340 (built between 1980 and 1990). The models used in Timisoara are the typology among 
those with the smallest spaces and that offer the lowest living standards. This means that the 
people will try in the near future to have more space (this is already visible in the tendency to 
enlarge the ground floors where possible). Another opportunity in this repetitive pattern is the 
fact that it allows a modular approach for the new interventions that can be easily personalized. 

The fact that the typology is repetitive produces a sense of confusion, as the neighborhoods 
have no visual identity. The retrofitting and refurbishment of these blocks of flats can be seen as 
an opportunity to develop an identity to the neighborhood. Instead, where façade insulation 
works were performed, the result was that some of “the gray neighborhoods” (Figure 1) became 
“the yellow and orange districts”. 

Even it is perceived as a green city due to the parks in the central area, Timisoara lacks green 
spaces in some residential areas, namely these “gray neighborhoods”. In fact there are stripes of 
green space between the buildings and the sidewalks that are frequently treated as private gar-
dens by the older people living at the ground floor (the first moved from the rural areas). Usual-
ly the fact that these space are in decay, means there are no older people left in that block of 
apartments. In administrative terms, some of these areas belong to the blocks of flats (private 
property), while others are public space. This is a space of limit that deserves more attention.  

The heating energy consumption in the buildings made of prefabricated panels is estimated 
between 180 and 240 kWh / sqm. The biggest problems for these buildings are: the thermal dis-
comfort (due to the low thermal quality of the materials and the bad joints between the panels) 
and also the poor quality of indoor space and indoor air. 

Timisoara is an interesting case-study of a bottom-up approach of small construction compa-
nies. There is a market demand for densification by adding a fifth floor to these blocks of flats 
especially in the neighborhoods adjacent to the student campus and faculties. The small compa-
nies built a fifth floor and in exchange they have insulated the facades and changed the old win-
dows in order to improve the energy efficiency of the building. They sold the apartments and 
apparently this was a win-win situation for everybody. But is only for a short term, because on a 
long run it is not viable: it closed the possibility for further development and the materials used 
are the cheapest, so the quality is not as expected.  

An idea has born: what if a tenant association could take this opportunity in its own hand and 
combine the idea of adding a fifth floor with the idea of an entirely new „skin”? Not only that 
they could really make a difference for their own comfort, but also with a good project they 
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could change the urban space (adding some vegetation) and gain a plus of space and protection 
(the space of limit that is typical for all the Romanian houses, between the exterior and the inte-
rior). Therefore the solutions adapted to local market conditions most have the following quali-
ties: 

- to be affordable; 
- to address properly the density level of the neighborhood and to encourage clean trans-

portation (walking, use of bicycles, electric transportation systems); 
- to improve the living conditions and comfort of the existing apartments - thermal com-

fort, appropriate air tightness level, adequate ventilation related to indoor air quality, 
improve energy efficiency;  

- to improve the urban quality - as the external „skin” of these buildings form the „walls” 
for the public space of the neighborhood. 

 

 
Figure 1. Map of Timisoara with the “gray neighborhoods”. 

3.1.4 Intervention scenarios 

We considered four different scenarios: 
- scenario 1: solar parks on the terraced roofs; 
- scenario 2: attic apartments (the fifth floor) and solar parks on the roof; 
- scenario 3: a continuation of the present program of thermal rehabilitation + scenario 2 

developed with small steps, so that the investments are smaller and can be recovered 
faster; 

- scenario 4: the interventions follow the computer industry model (the existing buildings 
become frames, over which can be implemented a light system that can be upgraded 
every 10 years, or even within certain limits by every owner). 

By analyzing these scenarios, it became obvious that on a long run the fourth scenario is the 
most flexible and it offers an alternative that translates into this gray areas a piece of the present 
and future reality. 
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3.2 Technical innovation and design 

As presented above, the weaknesses can be seen as opportunities for new ideas. An example of 
best practice in a city like Timisoara can really change the perception of its inhabitants about the 
possibilities of this building stock. 

After analyzing the T770 model (the one having the poorest living conditions in terms of 
space and energy efficiency) we can say that only an integrated intervention can solve the prob-
lems of such a building. But it can be done step by step, by using low-tech means and passive 
systems best suited to the local context (a developing country with low average income per 
capita and no high-tech knowledge) (see Figure 2). 

The solution is adapted to local conditions and it is based on an integrated strategy involving 
the use of construction materials effectively throughout the life of the building. The project im-
proves the energy efficiency of the buildings “skin” using innovative interventions by creating a 
coating, a new external layer that provides an effective relationship with the environment as 
well as a local source of energy by using solar and photovoltaic panels. The project also aims to 
improve existing methods of construction in Romania by creating and integrating an energy 
self-sufficient module that can be used both on the terraces of existing blocks and for social 
housing or students apartments. 

What a complete proposal should integrate are the issues presented in Table 1. 
 
Table 1. Issues integrated in the proposal 
Issues      Limit demands         Enhance solar energy 

Building envelope:  -increase thermal insulation     -widen openings 
-assure air-tightness 
-change windows  

Heating:      -upgrade old installations      -create buffer-zones 
-passive house 
-install solar panels 
-air-to-air / air-to-ground heat pump 

      systems 

Cooling and    -use ventilation for cooling     -improve air quality 
indoor air quality:  -use staircases for ventilation  

Electric system:   -class A            -PV on roof and façades 
                      -infrastructure for electric bicycles 

Architecture:    -fifth floor (prefabricated)      -interior space extended with a new 
layer 

-accommodate passive system through 
 furnishing 

Ventilation:    -mechanical ventilation with 
                    heat recovery 

Structure:                   -reinforce the modified structural panels 
                      -connect new structure with the old one 
 

The calculation of the necessary energy for heating (presented in appendices) shows that 
comparing to the initial value (for the building envelope as it is) a reduction with 44% is possi-
ble with the usual system used today for thermal retrofitting and a reduction with about 86% is 
possible with the system that we proposed (see Figure 3). The calculation was made by taking 
into account measures taken at the envelope level, without considering further improvements 
generated by the external heat collecting buffer zones. For the passive systems, more sophisti-
cated models will be used. 

Further research is needed in order to understand and measure the gains for the other architec-
tural and engineering parts.  
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We presented our proposal as an integrative model in order to demonstrate that such an inter-
vention cannot be managed without taking into consideration the whole building and all the re-
lated problems (including the change in the urban environment). 

 
Figure 2. General concept of the proposal. 

 
The same financial limitations that generate innovation in low-tech interventions operate in 

what we consider the first phase – the prototype that will be built. The team will build and test a 
module with a maximum 70 sqm built area in order to study and improve interaction between 
the new “skin” and the existing apartment. 

It is important to mention that the prefabricated panels composing the T770 model were al-
ready tested in different variants in order to understand their structural behavior, during previ-
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ous researches in our university. It is an opportunity to take further this research in a form of an 
interdisciplinary team. 
 

Jan Feb Mar Apr May Sep Oct Nov Dec Total
Initial state 30 28 31 30 2 2 31 30 31 215
Thermally Rehabilitated 30 28 31 18 0 0 17 30 31 185
Optimised by upTIM 30 28 31 15 0 0 15 30 31 180

Jan Feb Mar Apr May Sep Oct Nov Dec
-1.6 1.2 5.8 11.2 16.3 16.5 11 5.6 0.8

Heating 
demand/month for 

Initial state
kWh

Total 
(RON)

January 59621.73 44153.203
February 48433.45
March 40502.29
April 24290.33
May 680.87 0.20
September 644.06 0.18
October 25670.47 0.87
November 39747.82 0.39
December 54763.66

Heating 
demand/month for 
Rehabilitated state

kWh
Total 
(RON)

January 36061.09 24651.76
February 29294.07
March 24497.05
April 8814.93
May 0 0.21
September 0 1.95
October 8514.42 1.85
November 24040.72 0.44
December 33122.77

Heating 
demand/month for 
Optimised version

kWh
Total 
(RON)

January 8929.68 6012.65
February 7253.99
March 6066.12
April 1819.01
May 0 9.60
September 0 5.87
October 1860.35 4.47
November 5953.12 1.25
December 8202.08

Glazing

upTIM optimization reduction by 86.4%

40084.36 0.15

Thermal resistance optimized by upTIM
Basement slab

Flat roof
Exterior wall

Basement slab
Flat roof

Exterior wall
Glazing

Thermal rehabilitation reduction of 44.32%

Total kWh heating demand Cost/kWh Heating (RON)

Total kWh heating demand Cost/kWh Heating (RON)

164345.06 0.15

Initial state

Thermal resistance by thermal rehab.

Basement slab
Flat roof

Exterior wall
Glazing

Thermal resistance for the initial state

Total kWh heating demand

294354.69

Cost/kWh Heating (RON)

0.15

Heating days per month

Average monthly temperatures for Timisoara for heating months

 
Figure 3. Heating requirements calculations showing the energy savings. 

3.3 Fund raising and team support 

Our strategy takes into account the idea to assure the project’s success not only on a short term 
but also on a long run, in order to achieve our main goals. Without understanding the value of 
partnership and working as a team for a better future, our effort will have no long-term effect. 
This means thinking further, working in interdisciplinary teams not only inside the universities, 
as students from different faculties, but also in partnership with all who are interested in chang-
ing our city and ultimately our lives. The most important objective of the project remains the 
one to educating people about sustainable living and sustainable community development. 

The main stakeholders – partners in the project are briefly presented below. We also realized 
an analysis with what do we offer and what do they offer (see Table 2). The main idea is to have 
a win-win situation on medium and long run. 
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- Faculties and Departments from the University, Research Centers of the University; 
- Local authorities (Municipality of Timisoara, Timis County Council) and Regional de-

velopment agencies (West Regional Development Agency); 
- Civil society and representatives of the tenants associations (FALT - Federation of Ten-

ants Associations in Timisoara); 
- Private partners: large, medium and small companies who are directly involved in the 

construction industry (companies with activity in renewable energy, suppliers of materi-
als, design and execution, etc.); 

- Private partners: large, medium and small companies which activate in related areas and 
are interested in supporting the project and traditional multinational and industrial part-
ners of Politehnica University of Timisoara;  

- NGOs interested in our project and topics related to the project (sustainable community 
development, green transportation and bicycle use, community empowerment, a “green-
er” city, sustainable living and consumption, Timisoara – the Cultural Capital of Europe 
Association); 

- Professional organizations; 
- Media partners (local and national television, radio, newspapers, internet network). 

Up-TIM’s fund raising plan will be organized around the idea of involving all the stakehold-
ers interested in supporting our project as partners (Higher Education partners, authorities and 
development agencies, civil society and NGOs, private partners and media partners – as pre-
sented above), one of the main objectives being to make this project an example of best practice 
of public-private-HE partnership. “If the Universities do not collaborate with local and regional 
communities and do not involve the faculty, the teachers and the students as an integral part of 
the education process, they will lose 75 percent of the values of its efforts and will not fulfil 
their role in the society.” 
 
Table 2. Relationships with various partners 
Partner        What do we offer        What do they offer 
Faculties, departments: - integrate their research programs   - specialized knowledge 

  into the project         - access to databases and contacts 
- create international relationships   - students, MA, PhD, who want 

  to work in interdisciplinary teams 
 

Local authorities and  - a contribution to the city’s image   - establishing contacts with partners 
Development Agencies: - an example of best practice of SD  - organization of exhibitions, events 
         - a platform for discussion about SD  - consulting 
         - a contribution to society’s education - an alternative for tenants associations 
         - an answer to the densification issue 
 

Civil society and    - support and empowerment     - a feedback from the local market 
Tenants associations:  - specialized knowledge and consulting - a connection with the tenants assoc. 
 

Private partners     - a framework for promotion     - specialized knowledge 
involved in construction: - an opportunity to demonstrate CSR   - direct involvement in the final phases 
         - a connection with beneficiaries   - sponsorship in mix cash and products 
 

Private partners from  - a framework for advertising    - specialized knowledge, consulting 
related areas:     - an opportunity to demonstrate CSR  - sponsorship in mix cash and products 
 

NGOs interested    - a contribution to the city’s image   - establishing contacts with partners 
in the project: - a contribution to society’s education - a network of people interested in 

  changing the way we live, act, think 
 

Professional org.:    - a framework for promoting     - professional knowledge 
           their values 
 

Media partners:    - a contribution to the city / region   - informing the public about the project 
         - a contribution to society’s education  - support in organizing the events 

  about sustainable living and consumption _____________________________________________________________________________ 
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3.3.1 Fund raising planning  

Additional fund raising for the project is crucial for its success. Our team prepares various spon-
soring packages, depending on the stakeholders / partner possibilities: 

- single or mixed pack: know-how and equipment, instrumentation, industrial equipment for 
testing the prototype – for Faculties, departments and Research Centres inside the Univer-
sity and its industrial partners; 

- single or mixed pack: cash and materials – for the producers and distributors of construc-
tion materials and equipment, large, medium and small companies who are directly in-
volved in the construction industry and other companies who are interested in supporting 
the project; 

- single or mixed pack: cash, know-how and prototype execution, transport, assembly and 
disassembly for large, medium and small companies who are directly involved in the con-
struction industry; 

- single or mixed pack: know-how and services from the companies who are interested in 
supporting the project and offer consulting in specialized areas (fund raising, law office, 
insurance company, publicity); 

- mixed pack: consulting, support and cash from the authorities and the Regional Develop-
ment Agency West; 

- consulting, network support, donations and “free option pack” for individual or group 
members of the civil society and NGOs; 

- single or mixed pack: know-how and cash from the professional organizations. 

The planning of fund raises follows some necessary steps: in the first phase we will calculate 
an estimated budget, in the second phase we will contact as many sponsors as possible and we 
will rely on media and local authority support and in the third phase we will have the exact data 
about the financing possibilities. Then we will re-adjust the budget. We will get help on this part 
of fund raising and budget from a specialized company (among our partners). 

3.3.2 Tools for presentation and team support 

According to the main purpose and depending on the target public, we will use the following 
main tools for project presentation and team support: 

- online website and a web social platform, addressing both the general public (presentation 
of the project, topics related, videos, network with the support group) and the specialists 
(with a part of discussion forum); 

- contacts with stakeholders; 
- media partnerships with local TV stations (UPT has its own TV station - Tele Universitatea 

Timisoara, but there are other local and regional TV stations), local radio stations, local 
and regional newspapers – some of all these are part of national networks; 

- partnerships with other local projects and / or events: events related to the new project for 
the “Technological park for alternative energy and photovoltaic park - Timisoara” - fi-
nanced with European funds, events related to the program “Timisoara - Cultural Capital 
of Europe 2020”; 

- attending the events whose main purpose is education the young generation, related with 
primary schools and high-schools - the week “School differently”, related to the main stu-
dents festival in Timisoara - Student-fest and cooperation with BEST - student’s associa-
tion, external workshops; 

- for dissemination of the project information: printed materials for promoting the project 
(brochures), press release, internet dissemination, participating in national and international 
conferences related to the subject; 

- for dissemination of the project abroad we will use the contacts with the Romanian Cultur-
al Centers in Europe. 
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3.3.3 Events organized and events to take part 

The events organized by the team have two main purposes: one is to maintain the main team co-
hesion (a united team) and the other is to develop relationships with all the stakeholders and all 
the people and organizations who share the same vision.  

For the team unity we propose the following types of events: discussions in a university am-
phitheater (to get to meet students and to recruit a larger team for the second phase of the pro-
ject), workshop at the beginning of 2013 with students and teachers for the final idea, training 
and consulting sessions for various needs of the project, summer practice, team building excur-
sions. 
In order to develop the relationships with the society we propose: a survey in Timisoara about 
the perception of the proposal (not necessarily event, but an important step), meetings between 
stakeholders involved in up-TIM project: students, tenants associations, representatives of local 
authorities, companies, NGOs, media partners.  

 We also selected some events to take part in order to present our project and to gain visibility 
(Architecture Annual 2012, 2013 - Timisoara, ROCAD 2013 - Bucuresti, StudentFest “Para-
dox” 2013 - Timisoara, participation at CAMEX 2013 - Timisoara (spring and autumn editions), 
itinerant exhibition in Romania with the project presentation 2013-2014). For international ex-
perience and visibility we intend to take part in the international fair RoEnergy 2013 -
Timisoara, GIS 2013 - Bucuresti - series of conferences on architecture, MoldConstruct 2013 - 
Chisinau (Moldova), Infoinvent 2013 - Chisinau (Moldova) and similar fairs in others neighbor-
ing countries: Hungary, Serbia and Bulgaria. 

3.3.4 Communication with different target audience 

Our website, social network and the communication is based on managing different levels of in-
formation in order to have the proper message for each partner and various types of target audi-
ence. Depending on the target group which we address we will prepare three types of infor-
mation packs: 

- general information – generalities about how the project evolves, general data for the pub-
lic, civil society, tenants associations, authorities and possible sponsors; 

- detailed information, economical and technical data – a detailed description of the project 
for specialized companies, authorities, faculties; 

- educational information – detailed description of the phases, of the stakeholders role and 
involvement, examples, information for educational purposes, open courses held by exter-
nal experts, workshops. 

3.4 Curriculum integration and special considerations 

3.4.1 The project as an extensive educational instrument for all the partners and for students 

The project is intended to become an open and transparent educational instrument not only for 
the students involved, but also for all the partners and the society, as mentioned before. It is 
based on the idea of learning that comes from the interactions between various stakeholders. 

 It will also be a transparent instrument of learning through sharing knowledge among stu-
dents from different specialties: architecture, civil and structural engineering, systems engineer-
ing, public relations and communication, management, mechanical engineering. Each study, in-
formation, decision, study or analysis will be available for all the students involved in the 
project through an internal network in order to promote multidisciplinary and interdisciplinary 
approaches.  

 Students who will be part of the project will have several advantages: the first interdiscipli-
nary team work at such a scale (so many disciplines involved) in our university, theoretical ap-
plication and practical experimentation from the first phase to the last phase (from project to 
building), contact with social and economical environment. All the participating students will 
gain valuable experience and become marketable graduates and they will receive ECTS credits. 
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3.4.2 The project as a continuation of research projects, studies, and PhD thesis and an oppor-
tunity for further projects and research topics  

From the academic point of view, the project promotes the collaboration between various facul-
ties and the involvement of the local companies in the research field. Also we aim to continue 
several studies and PhD thesis which propose interventions on the building made from prefabri-
cated concrete panels and solar and photovoltaic systems (civil engineering), green building de-
sign (architecture), sustainable building assessment of urban dwellings from Banat region. This 
project can be also seen as a continuation of an international research project developed by the 
Department of Steel Structure and Structural Mechanics – Inspire – Integrated strategies and 
policy instruments for retrofitting buildings to reduce primary energy use and GHG emissions. 

 As the existing building stock became the main topic in order to achieve the 20-20-20 targets 
and even for long-term scenarios (2035-2050), we consider that this is a huge potential for fur-
ther interdisciplinary research projects, once the first step was made. In other words, we consid-
er the qualification in the next stage a big step towards changing the way our faculties perceive 
research team, a step towards an interdisciplinary approach. It is a change of perspective and al-
so a change of paradigm. 

3.4.3 Integration of the Solar Decathlon project into curriculum 

In various ways, this type of approach and sustainability issues are already part of the curricu-
lum of the faculties involved and they will be further enhanced. What is already obvious even 
from this stage is that this type of reciprocal learning performed in this mixed team is extremely 
beneficial and it can be a first step to introduce common courses or projects for example at Fac-
ulty of Architecture and the Faculty of Civil Engineering (e.g. sustainability issues in architec-
ture and civil engineering, integration of systems in the architectural design), or Architecture 
and Faculty of Communication Sciences (e.g. effective communication for community empow-
erment), or even common summer practical activities (building a pavilion with recyclable mate-
rials). 

3.4.4 Training and external courses for the students interested in integrative approaches 

Experts in various fields (from the faculties, our partners companies, NGOs and local authori-
ties) will present thematic packages on different themes: integrative approaches, renewable en-
ergies and systems, effective communication, marketing and team support, accessing European 
funds, organization and management. This will help every student to understand his role for the 
team, how we interact and also specific issues related to the project (technical, economic, com-
munication, organization). 

3.5 Organization and team support 

Up-TIM would like to consider the participation in the Solar Decathlon Europe 2014 as the first 
in a series of candidacies by teams from Timisoara. At the same time, the team thinks that the 
necessity of turning to a sustainable lifestyle still hasn’t reached the general public. That is why 
an association (NGO) will be created, that is intended to promote sustainability values and to in-
crease public awareness concerning environmental issues throughout the Romanian society. 

For the project completion, the team will be divided in three workgroups: a project develop-
ment group (PD), responsible for developing and implementing the associations projects, a pub-
lic relations group (PR) that deals with transmitting  information regarding the associations pro-
jects to the general public and a  fundraising group (FR) that attracts support for the associations 
projects. Its role is to establish strategies and to initiate projects within the interests of the asso-
ciation. The PR and FR serve all the association’s projects and work independently. As a first 
activity, the PD workgroup will be in charge of the project representing the submission to the 
Solar Decathlon 2014. 

The advisory board (AB) will be constituted by representatives of the associated entities sus-
taining the project (universities and faculties, companies and NGOs) and offers consulting in the 
following fields: legal advice, financial planning, social analysis and market research, education 
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and research). A key member of the advisory board will be the representative of The Lodgers’ 
Associations Federation from Timisoara as primary beneficiaries of the project and owners of 
the apartments, whose role is to offer the essential end-user counseling. The board’s involve-
ment with the project starts at the very first beginning, while its members can differ from one 
phase to another. Any entity that supports the project by sponsorship or any other means except 
counseling will become a partner of the project on the short term and can later become a partner 
of the association, on a long term. 

At the beginning of the second phase of the Solar Decathlon 2014, the association will pro-
mote its project through a series of presentations in all local universities (all the necessary spe-
cializations). It will launch an invitation destined for students to participate in a multidiscipli-
nary workshop related to the project, with the purpose of completing the final team. 

The selection process will have two stages: 
-the pre-workshop selection: candidates will be asked to write a letter of intention stating the 
reasons for working on the project; the General assembly will analyze and deliberate a number 
of candidates that will be invited to the workshop;  
-the workshop selection: a one-week training and team building exercise, where our university 
partners and other associates from all specialties involved in the project will hold lectures relat-
ed to the project; candidates will be evaluated regarding their abilities and teamwork capacity 
during the brainstorming sessions representing the first solutions to the project; a multidiscipli-
nary approach will be the main focus of the workshop.  

At the end of the selection procedure, we aim at gathering 25 decathletes of different special-
ties to complete the final team.  

4 CONCLUSIONS 

Up-TIM team has great potential of performing an interdisciplinary research, as “Politehnica” 
University of Timisoara forms all types of specialists that are necessary in this project. Our 
team’s participation in Solar Decathlon 2014 means to carry forward a tradition of innovation 
that Timisoara always had. And last, but not least, the project can be an example of best practice 
cooperation between all the stakeholders involved in the city development. 
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