Sustainability of Constructions
Integrated Approach to Life-time Structural Engineering

, | . 2 G ek . .
Luis Braganga & Heli Koukkari” (COST Action C25 Chair & Vice-chair)
! University of Minho, Guimardes, Portugal. braganca@civil uminho.pt
2 YTT Technical Research Centre of Finland, Espoo, Finland. heli koulkkari(wvit fi

Rijk Blok® & Helena Gervasio® (WG 1 Chair & Vice-chair)
3 University of Technology Eindhoven, Netherlands r.blok@bwk.tue.nl
Y GIPAC, Lda., Portugal. hger@dec.ue.pt

. . .5 . 6 oy . .
Milan Veljkovie” & Zbigniew Plewako” (WG2 Chair & Vice-chair)
¥ Luled University of Technology, Sweden. milan.veljkovic@ltu.se
¢ Rzeszow University of Technology, Poland.  plewakoz@prz.rzeszow.pl

- 7 : 8 o ST : .
Raffaele Landolfo’ & Viorel Ungureanu” (WG3 Chair & Vice-chair)
7 University of Naples “Federico 11", lialy. landolfo@unina.it
& “politehnica” University of Timisoara, Romania. viorel.ungureanu@ct.upt.ro

ABSTRACT: The main objective of the COST Action C25 “Sustainability of Constructions:
Integrated Approach to Life-time Structural Engineering” is to promote science-based devel-
opments in sustainable construction in Europe through the collection and collaborative analysis
of scientific results concerning life-time structural engineering and especially integration of en-
vironmental assessment methods and tools of structural engineering.

1 INTRODUCTION TO COST ACTION C25 — SUSTAINABILITY OF CONSTRUCTIONS
1.1 Aims and objectives

The Action C25 aims to promote a scientific understanding of life-time engineering and to
boost science-based advancement of sustainable construction in Europe.

The Action is focused on an integrated approach to deal with the end-products of construc-
tion, clearly targeted at the development of R&D and engineering methods from structural
points of view. It aims at providing the construction sector with a new framework and ideas
based on the integration of approaches and results of ongoing research and development pro-
jects.

The Action establish a broad network of European universities and other research centres in
the field of structural engineering in order to transfer the state-of-the-art of technologies, design
methods and practices through the existing and new links of members of the Action in several
international organisations.

The Action involves collaborative analysis of results concerning design and assessment
methods and tools, advanced materials and technologies as well as construction processes, both
for new constructions and the rehabilitation of the existing ones.

1.2 Background

The urban and natural environments are inseparably linked. Energy, materials, water and land
are all consumed in the construction and operation of buildings and infrastructure to such an ex-
tent that sustainable development can be said to decisively depend on the built environment.
The urban environment itself influences our living conditions, social well-being and health. The
European Commission has adopted a thematic strategy on the urban environment; one of the
four priority themes is sustainable construction, All themes are cross-cutting in nature and have
strong links with many environmental issues.

Environmental, socio-economic and cultural issues in the construction sector are character-
ised by their complexity, the diversity of actors concerned and the need for innovative and mul-
tidisciplinary solutions. As the largest and most fragmented industry, the sector faces huge chal-




lenges in the pursuit of sustainability. .

Enhanced sustainability can be met only through innovations in technologies. Technological
progress is both a global super-trend and a super-force that promotes economic growth, im-
provement of health and the increase of mobility but also the decline of the environment. Sci-
ence-based development is essential for transforming the potential of the enabling technologies
into practice. The information and communication technology, biotechnology and advanced in-
dustrial materials represent an opportunity to move towards more sustainable construction
processes and products.

Innovations in construction to cope with sustainability demands require knowledge on tech-
nology foresight and industrial product development methods, and also tools to assess and
manage the evolution. Fundamental changes in construction technologies and design practices
concern the whole sector and various stakeholders. The role of universities and other research
organisations is crucial in establishing excellence in sustainable construction. Structural engi-
neering is beginning to develop an integrated design approach in which advanced tools are used
to analyse and verity the various performance aspects and sustainability demands. Performance
characteristics and the structural quality of buildings are of fundamental importance to urban
sustainability as well as to environmental sustainability.

1.3 State-of-the-art

The first steps on developing a method for assessing a product's environmental tmpacts were
taken in the late 1960s. The first methods to assess environmental impacts of a product consid-
ering a life-cycle approach were undertaken in the beginning of the 1970s; however practical
applications did not begin until the 1990s.

The need for standardisation in environmental reporting became clear by the end of the
1980s, when environmental reports on similar products often contained conflicting results be-
cause they were based on different methods, data and terminology. This resulted in the first in-
terpational formulation of a Code of Practice for Life-cycle Assessment (LCA), under the um-
brella of the Society of Environmental Toxicology and Chemistry (SETAC). Starting in 1990,
SETAC took the lead in LCA development.

Since 1993, the International Standards Organization (ISO) is also working to establish a uni-
form framework, uniform methods and procedures, and a uniform terminology for LCA. These
efforts produced a series of international standards for environmental performance analysis and
management — the ISO standards series 14040.

In 1995, the International Council for Research and Innovation in Building and Construction
(CIB) decided to make sustainable construction the focal point of the three-year period up to
the 1998 World Building Congress. In 1999 the dgenda 2/ on Sustainable Construction was
published (Report Publication 237) in order to create a consensus-based framework and to give
a detailed overview of the concepts, issues and challenges of sustainable development and sus-
tainable construction, and posed certain challenges to the construction industry.

Researchers and practitioners together have been developing environmental assessment and
classification systems for buildings in some European countries (Finland, France, Germany,
Norway, Sweden and the United Kingdom,). These tools provide a wide coverage of environ-
mental, economic and building performance issues that are deemed to be relevant to sustain-
ability. In the USA, the Green Building Council developed the tool “Leadership in Energy and
Environmental Design (LEED™) Green Building Rating System” which is a first step towards
the certification of “green buildings”.

In Europe, the United Nations Environmental Programme is promoting the implementation
of life-cycle management tools in its programmes in order to provide the world community with
improved access to meaningful environmental data and information, and to increase the capac-
ity of governments to use environmental information for decision making and action planning
for sustainable human development.

Today, knowledge of how to carry out a life-cycle analysis is improving rapidly. The value
of the technique is being increasingly recognised and it is now being used for strategic decision
making and for designing environmental policies.

Recently, new models for integrated life-cycle design have been developed and proposed
with the aim of combining all the different aspects of sustainability in the same analysis.

1.4 Raising the level of Sustainable Construction

The environmental aspects of sustainable construction consider the use of resources and the
harm caused to ecosystems. Construction activities consume as much as half of all resources
taken from the Earth, a value higher than for any other industrial sector. The construction, op-
eration and subsequent demolition of built facilities accounts for about 40-45% of all energy
end use. Consumption levels of energy per square metre and per person are iqcr@sing. The
built environment moreover, accounts for about 40% of world greenhouse gas emissions.

Sustainable construction ensures a more economical use of finite raw materials and reduces
and above all prevents the accumulation of pollutants and waste. The complete cycle of sus-
tainable construction activities comprises the way in which built structures and facilities are
procured and erected, used and operated, maintained and repaired, modernised apd rchab%lﬁ
tated, and finally dismantled and demolished or reused and recycled. Compared with other in-
dustrial products, construction products are long lasting. This fact emphasises the need to in-
corporate methods of life-time engineering in the first stages of product development or a
building project.
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Figure 1. Development environment of construction technology.

Environmental assessment methods and toels involve the development and application of
various assessment approaches and management tools. Assessment of environmental impacts
over the life-time of built facilities as well as estimates of life-cycle costs should be made avail-
able for clients before construction work begins. Extensive research and development in order
to establish reliable and unanimous methods is ongoing worldwide. In the future, architects gnd
consulting engineers should be motivated, to take environmental aspects into more detguled
consideration in their designs, especially LCA and LCC methodologies Therefore there is an
urgent need for clear and practical guidance on these methodologies to make thcm‘ feasible. The
different methods should be integrated with other tools such as quantity surveying or energy
simulation. Methods for service-life design need to be combined with structural design. Tools
for these must be developed and integrated with each other in order to simplify evaluations. For
the manufacturers of building products, the verification methods for durability of construction
products are an essential part of verification of the overall performance. .

Life-time engineering aims to translate the requirements of all the actors involved (owners,
users and society) into performance requirements of the technical systems and ensures .that
those requirements will be fulfilled over the entire design service-life. Life-time deygn or inte-
grated life-cycle design implies a new thinking about current desigp m'ethodolggl'es and it is
highly dependent on aspects such as durability, maintenance and service life prediction.

New materials, products and technologies are in the long term the necessary way to 1~§duce
environmental impacts. Construction products play a major role in improving 'the ggo—efﬁcm}]cy
of buildings. Radical innovations are needed for a real change towards sust.amglvnhty, Apph;a-—
tion of developments in other industrial branches can also be regarded as a significant Qotemmh
and it will generate new construction products and re-engineering of the processes. Construc-




tion products need to be viewed in terms of functional units, how they perform throughout the
life-time of a built facility and what happens to them when deconstruction or demolition takes
place. Focusing on integrated and holistic research is necessary as the associated problems are
interrelated and wide. Further, a single building may consist of tens of basic materials and thou-
sands of separate products. The challenge is how to measure and manage the impact of con-
struction products. Generic performance-based design and product development technologies
offer tools for management of research and development work.

Reuse and recycling of materials and components achieve a rate of over 80% in some
OECD countries, but it should be noted that much of the material is used in a low value-added
form. Increasing the use of recycled waste as building materials is one of the steps to positively
address the environmental impacts.

Environmental management of a construction project for a new building or for a renova-
tion project incorporates an integrated and performance-based approach for management of the
overall functional properties of a facility. There is a need to develop methods to integrate envi-
ronmental and fiscal analyses that take into account the different phases of the life-cycle.

Energy-efficiency in buildings is the most environmentally benign way to improve eco-
efficiency of construction. From the viewpoint of EU policy, it is one of the three key issues
identified as an area of necessary action. The influence of the EU Energy Performance of
Buildings Directive (EPBD) is expected to grow more and more. Technical systems and enve-
lopes of the existing building stock are especially critical. From a product-related point of view
the actions include designing and selling more energy-efficient products that use fewer or new
or different materials with an equivalent or superior performance. Improvement of energy effi-
ciency also brings several benefits for urban sustainability.

L5 Relationship with other COST Actions

The impetus for this COST Action resulted from the work within COST C12 “Improvement of
Buildings’ Structural Quality by New Technologies”, where the need to create a specific Action
on sustainability of constructions emerged. The Action C25 has also some complementary ob-
jectives to the COST Action C16 “Improving the Quality of Existing Urban Building Enve-
lopes”. The relevant results achieved in C16 are taken into consideration as a base of knowl-
edge and, to some extent, have been further developed within C25.

Additionally, there are also a few complementary objectives with the COST Actions C23
“Strategies for a Low Carbon Urban Built Environment” and €24 “COSTeXergy”. The main
objectives of these two Actions are focused on the direct or indirect energy impacts of infra-
structure developments on energy issues.

This Sustainability of Constructions Action does not focus its research work on energy is-
sues. However, the integrated approach to life-time structural engineering needs to take into ac-
count energy-related issues such as building energy performance and building energy saving as
well as the thermal comfort in buildings. In order to avoid overlapping activities and to coordi-
nate the cooperation of complementary activities with C23 and C24 Actions, close contacts
with COST Actions C23 and C24 have been established, particularly regarding the coordination
of complementary activities, avoiding overlaps and fostering synergies.

Sustainability of Constructions has a broad scope, that can be divided into two main dimen-
sions: Structural Life-time (where the main focus is on the construction itself, taking into ac-
count, in an integrated way, the environmental, economic and social life-cycle impacts of the
structure), and Energy Efficiency of the Construction (where the energy consumption due to
occupancy by people is the main focus), as illustrated in Figure 2.

This Action is focused on an integrated approach to deal with the end-products of construc-
tion, clearly targeted at development of methods and practices of life-time engineering from a
structural engineering point of view. It aims to provide the construction sector with a new
framework and ideas based on the integration of approaches and results from a diversity of on-
going research and development projects. It also aims at improved interaction between different
disciplines such as the development of assessment methods and energy-efficiency of technical
service systems,
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Figure 2. Different approaches to Sustainability of Constructions.

2 SCIENTIFIC PROGRAMME AND WORK PLAN

2.1 Scientific programme

The Action C25 focuses on integrated approaches to develop methods and technologies for sus-
tainable construction. To achieve this objective, the following major areas are identified:

e criteria for sustainable constructions (global methodologies, assessment methods, global
models and databases);

e eco-efficiency (eco-efficient use of natural resources in construction (materials, products
and processes);

s life-time structural engineering (design for durability, life-cycle performance, including
maintenance and deconstruction),

Given the complexity and the nature of the topic, where meaningful results can be obtained
only if all aspects are adequately covered, the methodology to carry out the Action and achieve
a coordinated outcome is a case-study approach. The case-studies that will be continuously
reassessed throughout the Action will be increasingly complex (from essentially bare structures
such as a bridge to complex buildings including structural parts, non-structural parts and
equipment) and to allow for a clear identification of all relevant aspects.

By the aid of case-studies, the current technologies and methodologies will be compared and
initiatives for further developments will be established as collaborative efforts. The achieve-
ments of standardisation and administration will be incorporated in order to

» provide a rational and integrated framework for the seamless application of the new
ISO/CEN series of standards on Sustainability of Constructions (ISO TC 59 SC17 and
CEN TC 350); .

e integrate the essential requirements from the European Construction Products Directive
(89/106/EEC): ER1, mechanical resistance and stability; ER2, safety in case of fire; EB3,
hygiene, health and the environment; ER4, safety in use; ERS, protection agaixlst.{101se;
ER6, energy economy and heat retention in the global methodology for sustainability of
constructions;

# provide technical guidance on the application of the European Directive on Energy Per-
formance of Buildings and the forthcoming need to fulfil an Environmental Declaration of
Building Products.

2.2 Work plan

The Action consists of several work packages in order to cover all the important aspects of sus-
tainable construction. The Action focuses are the environmental issues related to constructions
and the overall sustainability of the built environment. A more detailed description of the task§
involved is presented in Table 1. Each task will result in a clear outcome in the form of state-of-
the-art, report, guidelines, case-study publication, datasheets and/or Website content.




Table 1. Tasks involved in Action C25.

¥ Verification methods for durability of constructions;
¥ Deterministic and probabilistic degradation models
(corrosion, fatigue...);

» Probabilistic prediction of the service life of a struc-
ture;

» Risk and reliability analysis.

State-of-the-art report on determi-
nistic and probabilistic degrada-
tion models

WP9

Monitoring of life-cycle performance:

» Maintenance, repair and rehabilitation techniques
and planning;

> Survey and condition assessment of structures (safety
and functionality);

¥ Demolition and deconstruction techniques and plan-
ning.

Guidelines for the planning of
Maintenance, Repair and Reha-
bilitation

Guidelines survey and condition

assessment of structures

Guidelines for deconstruction

WP10

Analysis of life-cyele structural performance — case-
study:
% Contribution to the general Case-study

Case-study publication (technolo-
gies, evaluation methods, recom-
mendations, basics for guidelines)

Conelusion of the global methodology for the as-
sessment of Sustainable Design and Construction:

¥ Sustainable construction assessment and classifica-
tion systems

Guidelines for Global Sustainable
Construction

Compilation of case-studies per-
formed during the action in differ-
ent working groups

Detailed description of global
case studies

WPH Description of the contents Deliverables
"""""" (lobal methodology for the assessment of Sustain-
able Design and Construction:
» Review of standards and literature on lifetime engi- . . .
4 kf(’ ¢ . ’ b State-of-the-art of global method-
necrg, ologies
¥ Identification of EU policy drivers and directives re- gl
WP1 | garding life cycle thinking;
> Links to other lifetime projects (LIFETIME, LIFE-
CON, etc); s .
N . Lo L Guuidelines for a global approach
» Review of current methodologies in participating
countries;
» Implementation of a global life cycle approach.
n . Y g . State-of-the-art of LCA & LCC,
State-ef-the-art on LCA and LCC methodologies: with references (o previous docu
» Review of standards and literature on LCC & LCA; ments estop o
> Identification of LCC methodologies and case stud- B . -
e I . ) Guidelines to perform a LCA ac-
WP2 1es in participating countries and others; cording to the implemented meth
> Identification of LCA methodologies and case stud- od()loré ’ my ea me
ies in participating countries and others cology . -
. . \ . N Guidelines to perform a LCC ac-
» Adaptation of a LCA and LCC methodology for the . .
. cording to the implemented meth-
case studies
odology
Databases for LCA and LCC;
» Collection of information on databases of LCI and Datasheets of current databases
LCC for construction materials, construction products for LCT and LCC
WP3 | and processes;
¥ Assessment of existing data and criteria; Links to other selected databases
» Links to other databases; Guidelines for a global database
»_Guidelines for the creation of a globa] database.
Application of the global methodology to several Case-study publication on imple-
WP4 | case-studies; mentation of methodologies; e.g.
» Contribution to the general Case-study to a bridge
Application of new materials and new technology:
% Evaluation of existing and new functional materials; | Reports and datasheets on new
(structure-structural issues) materials
WP5 | » Introduction of new construction products and tech-
nologies to comply with decrease of material use, de- Reports and datasheets on new
crease of waste, decrease of emissions and energy sav- technologies
ing goals,
Guidelines for the creation of an
healthy indoor environment
Improvement of the global performance of construc- sy
tions: (envelope-construction) - .
- p NI P Guidelines for improvement of the
¥ Techniques for the improvement of the environ- N o
. e . ] comfort in buildings
mental performance of buildings and infrastructures;
» Techniques for the improvement of the comfort in I . _
WP6 S q proveme; . . Guidelines for energy efficiency
buildings (thermal, acoustic, lighting and quality of air); ’
» Maximization of the energy performance and the in- A . N
o . . EYE o : . Guidelines for the optimisation of
tegration of innovative systems in buildings (mechani-
. . water management
cal, electrical and automation);
» Maximization of water resources. I . .
’ ) Guidelines for the use of alterna-
tive energies
Analysis of functional materials and new technolo- _ . .
> - Case-study publication, with rec-
WPT | gles - case-study: ommendations and guideli
AY v . . - S ¢ 3 S
»_Contribution 1o the general Case-study S anc gmaelines
WPS Life-cycle performance: State-of-the-art report on life-

» _Literature review of current methodologies;

cycle prediction methodologies

2.3 Organisation of the work
The development of the Action need the involvement of experts from a vax"iety oAf disciplines re-
lated to the construction sector. Luckily most of the expertises could be found in the delegates
nominated by the participating countries. i ‘

In accordance with the scientific programme stated in the Memorandum of Understanding,
the following three Working Groups were created to cover the three main areas of the Action:

WG1 — Criteria for Sustainable Constructions (global methodologies, assessment methods,

global models and databases)

WG2 — Eco-efficiency (eco-efficient use of natural resources in construction - materials,

products and processes)

WG3 — Life-time structural engineering (design for durability, life-cycle performance, in-

cluding maintenance and deconstruction)

Table 2 illustrates the subdivision of tasks between the three Working Groups.

Table 2. Work packages undertaken by each Working Group.

Work Packages WGl WG2 WG3

WP1

Wwp2

WP3

B F I e

WP4

WP35

WP6

IR

WP7 X

WP3

WP9

R

WP10 X X




In order to achieve a good coordination between the three Working Groups, almost all the
Action meetings have parallel Working Group meetings and a plenary meeting where all par-
ticipants meet and report on the progress of the various tasks. On the other hand, this large par-
ticipation requires more co-ordination activities, and this issue has been taken care of by orga-
nizing Core Group of the Chairs and Vice-Chairs and Website holder meetings. These
meetings, where the developments of work plans are prepared an analysed by the Core Group,
have helped to conduct the Working Group and Management Committec meetings in an effi-
cient way.

Besides the standard structure of the Management Committee and Working Groups, the or-
ganisation of C25 includes:

e coordinators for case-studies
ad hoc working groups, which are appointed by the MC for specific tasks
organising committees for the workshops
organising committee for the mid-term seminar
an organising committee for the final conference
an editorial group for the final report
a scheme of short-term scientific missions (STSMs) between the participating countries,
coordinated by the Core Group.

3 RESULTS ACHIEVED BY COST ACTION C25
3.1 Involvement of the researchers in C25

There are 28 countries and one EU Joint Research Centre involved in C25: Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Rep., Denmark, F inland, Macedonia, Germany, Greece, Hun-
gary, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Serbia, Slovenia, Sweden, Switzerland, Turkey and United Kingdom. From the 35
COST Countries only Estonia, France, Iceland, Ireland, Israel, Slovakia and Spain do not par-
ticipate in C25.

Twenty countries joined C25 during the start year, in 2006. During 2007, more six countries
joined: Croatia, Macedonia, Luxembourg, Malta, Serbia, and Turkey. In 2009 there were two
requests, from Switzerland and Bulgaria, which were approved by the Management Committee,

Since the beginning of the Action, the total number of individuals that participated in the Ac-
tion work was 128, being;

- 108 members that participate regularly

- 32 females, corresponding to 30% of the members

- 31 Early Stage Researchers, corresponding to 29% of the members

- 32 Invited Experts that participated in at least one meeting

Since the very beginning there were good signs of the involvement and participation of the
members in the Action. A competition for the selection of the “C25 Logo” took place in the
first year and the good results obtained, where 27 different proposals were submitted, pointed
out the commitment, vitality and closeness of a group of people coming from different regions
with different cultures and approaches that wish to have a symbol to brand their involvement in
the Action.

The involvement of the researchers in C25 is not only due to the Management Committee
members but also Early Stage Researchers are actively participating in the meetings, work
packages, collaborative works and in the production of the deliverables.

Early Stage Researchers are also invited to participate actively in Short-Term Scientific Mis-
sions (STSMs) recommended and selected by the Management Committee. This way, they can
contribute to the achievement of the scientific objectives of the Action and promote networking
within the participating countries and institutions. The STSMs are used as an instrument to en-
sure in-depth technical cooperation in the development of the various tasks. In order to ensure
the success of this instrument the Core Group evaluates the STSM proposals and the outcomes
of the completed Short-Term Scientific Missions. So far, eight Short-Term Scientific Missions

took place. There are 2 other that are approved by the MC but not yet taken place and 5 are still
under preparation.

In the context of the Action a competition among students for the design of an fo;coeogu;lélci
ing according to the aims of Sustainable Construction was approved by the I(;/lg 1:11 e
was concluded successfully in May 2009. This competition was initially staltfa }é T]?j o mem%
Group 1; however it has been taken over and brought forward by many oth_m CO_ 2o e
bers. The competition has contributed to a greater awareness about tl}e main toplcsfo' tle 2
action and increased the interest of young studéflts_; and rese'a{'chers in the fields of in e.%xafor
life cycle design of sustainable constructions. This competition provided an opportunity !
students to demonstrate their sustainabimy design skills in an mternatlo@ competition .a%;?mixn
their peers. Design programs in universu1¢3 around.Europ_e were en-clomz%ged to‘ pzrtuix‘pc}i e |
this competition and to consider it into the;n"~ acadellmc cur‘r‘lculum for 1ntexgs§edﬁstu e’n %,' dmb y
Stage Researchers also had actively partlcquted in the‘ Studgn_t C.cnnp_etltlonl Orgdzln;g . v
COST C25. About 40 students expx‘esseq thelr_ interest in participating in. At tt, he lenA' g,}nu
dents belonging to 8 teams submitted their projects. The 3 ﬁrst prizes oitf:red y t }e 520?1(1:
tion of Architects of Naples were awarde;iotggl)t teams (2 teams in the 3rd place ex aequo) during

e ¢ osium (11-12 May . .
thb’rﬁiscgjr‘rilglei?tisc)}gnwpas very( successful in attracting a big r‘mmber of gtudent gr(;lups to pal'FtISl_
pate and it has further enlarged the awareness about the COST C:’Zi?_topxcs at the universities
and at the student’s level and brought extra publicity of the C25 activities. L . o

Another good indicator of the involvement of the ~res‘earch.elrs is ‘the p:artlclpatxop 0 vfnen(; telrs
in the C25 case-studies. The complexity of the topic ‘sustamabl'hty of con.stl}xc&or}: ‘an‘ Qs
holistic approach needed to deal with it st:im}ﬂated the mqmbers in concentrate efforts in sev
case-studies. For “Bridges” there three on going case-studies:

e Integral abutment bridge

o Three-span motorway viaduct

e Existing 30 years old bridge _

and four on going case-studies for.“Bulldmgs :

o Light steel frame residential building

o Concrete structure multifamily house

e SPEAR Building

irtual Office building. .

;“hzgéué‘;lsg;gidics are t%eing continuously reassessed throughout the Act}%n antl the colren)z
plexity is being increased from essentially bare structures such‘ as snnPlelttnl ;gles (;O(r:oamcfiear
buildings including structural parts, non-structural parts and equipment and to allow
i i i relevant aspects. .
1de§<§iﬁ§;§;102a2£iltildy, a coorcri)inator was nominated by the working group. The case-study co-
ordinators are in charge of: o

e establishing the appropriate struqtqral applications
iding information to the participants .
g?gggﬁgg a programme of th}; activities.to the Management Committee
collection of task forces for specific duties
follow-up of the activities in the Woyking Groups
reporting to the Management Commxttee and .
organising workshops together with the WG Chairs.

3.2 Key scientific and technical outcomes

The Action C25 developed an innovative n@tworking aiming to promote a SCI‘entkl,fliC ul;dsi;ztilifr;
ing of life-time engineering and to boost science-based acivancement of sustainable Ce(;earch fion
in Europe. The combination of expertises and research fields has resqlted to new ; search and
educational strategies and new mixed research mthods to understand mteracﬂf)n ofmm ti{e oo
ety and technologies. Some specific examples of innovative knowledge resulting
working through the Action are: _ .

- Integration of LCA in sustainability rating methodologlqs .

- Recognition of LCA as an integral part of structyyal engineering .

- Integration of degradation models in methods of lifetime engineering

- Finding weighting methgds for gl()tbal assegssmlent

- nt of recycled construction materials . _

Irﬁ?;;: 1:({:}?:)(1:, signif}ilcant scientific breakthroughs were achieved and for the first time there




is a methodology to assess sustainability of bridges and guidclinef& on how to perform life-cycle
analysis in construction projects (both.brldges and bu'ﬂdmgs‘), Science based approaches (imod-
elling and simulation) to lifetime engineering including maintenance scenarios are also bring
developed as part of the COST Action.

Other important “Key outcomes” are also the socio-economic impacts achieved so far. Many
members of C25 are now regarded as frontrunners in the particular field of expertise of “Sus-

tainable Construction”. Local authorities like e.g. the city of Eindhoven (NL) and the city of

Espoo (FI) are asking advices about sustainability of constructions to local C25 members. Other
members are being asked to join advisory panels of EU FP7 Projects.

National assessment and rating systems like e.g. in PT, FI, UK and DE are integrating meth-
ods of lifetime engineering and some €25 members are being invited to participate EU’s Enter-
prise Construction LCA Workshops.

Some other tangible positive impact is the participation of “New Member States” and “Can-
didate States” in the harmonization process and knowledge transfer, through the participation of
several new C25 members in the Furopean networks. Another example s the 1st National Con-
ference on Sustainable Civil Engineering in Belgrade on 4-5 June 2009, organised by the Fac-
ulty of Civil Engineering of University of Belgrade and the F aculty of Technical Sciences of
University of Novi Sad, which helped to disseminate the C25 scientific and technical outcomes.

In the medium term it is expected the uptake of advanced science-based methods and tools in
everyday design processes (bridges and buildings), like ¢.g. assessment method of flexibil-
ity/adaptability to be used building design process. Also several members are planning new
educational courses and programmes in their universities that will bring environmentally liter-
ate workforce to companies and society.

3.3 Spin off of new projects

Almost all the members have their own projects that support the research activity that is needed
to carry to contribute to C25. Nevertheless, C25 also helped in creating new networks and
stimulated the capacity of the Action members to raise research funds.

As an example, the following lists show the efforts of €25 members in the spin off of new

projects.

EC RTD Framework Programme proposals/projects:

e FP7 2007: Proposal ProSEED - Processes and Technologies for Energy Efficient and Sus-
tainable Construction (C25 participants: VIT — FL U of Luleg — SE, U of Coimbra — PT,
U of Timisoara - RO, Aristotle U of Thessaloniki — GR, U of Ljubljana — ST, U of Liege —
BE, U of Stuttgart ~ DE and U of Minho — PT)

e RFCS 2008: Project SBRI - Sustainable Steel-Composite Bridges in Built Environment
(C25 participants: University of Stuttgart — DE, University of Coimbra — PT and Arcelor-
Mittal S.A. — LU)

o FP72008: Coordination Action PERFECTION - Performance Indicators for Health, Com-
fort and Safety of the Indoor Environment (C25 participants: VTT — FI and TU Prague -
CZ. C25 members of expert panel: U of Ljubljana — SI, U of Karlsruhe — DE and U of
Minho - PT)

» ERASMUS MUNDUS 2009-2013: EMJD, Joint doctorate programme, Proposal for a doc-
torate course in sustainable steel constructions (C25 participants: University of Coimbra —
PT, Lulea University of Technology — SE, "Politehnica” University of Timisoara — RO,
University of Stuttgart — DE, University of Naples Federico I - IT)

s FP72009: Project OPEN HOUSE- Benchmarking and mainstreaming building sustainabil-
ity in the EU based on transparency and openness (open source and availability) from
model to implementation (C25 participants: University of Ljubljana — SI. C25 members of
expert panel: VTT — FL, University of Naples — IT, Aalborg University — DK and Univer-
sity of Minho —~ PT)

e RFCS 2009: Proposal SB_Steel - Conceptual decision making tool for a sustainable steel
framed building (C25 participants: VIT ~ FI, U of Coimbra — PT, Aristotle U of Thessa-
loniki — GR and U of Minho ~ PT)

National Programme proposals/projects:

e 31042/2007 PNCDI2 - PROACTEX. Structural systems and innovative technologies for
protection of buildings under extreme actions taking into account sustainable design crite-
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ria. (“‘Politehnica” University of Timisoara — RO) ‘ o

e Joint Nordic Call 2008: Methods and Concepts for Sustainable Renovation (VIT - H)

e FI2008: Adopting new processes for sustainable building and built envp‘onmcnt (V 1 T)‘

e Serbia 2008: Project Recycled Aggregate Concrete Technology Properties 'and A()pll({at1(m
in Reinforced Conerete Structures (C25 participants: Faculty of (Jivill l'ingmemjmg of Uni-
versity of Belgrade and the Faculty of Technical Sciences of Umvermt){ Qf Novi Sa(j) _

e SE 2009: Project Application on Integral abutment bridges (C25 participants: University

® ?i)[;{u(l;iszl Project; Proposal for a post-doc grant in the field of sustainability of con-

struction (C25 Participants: University of Naples — IT) ‘

FUTUROQ IN RICERCA 2009 call. Proposal for a national fundmg programme §levotcd‘to

sustainability of constructions. “Methods and Criteri‘a for the LF{C(JIS.I()H 11};1k111g in sustain-

able seismic protection of constructions” (C25 participants: University of Naples - IT)

FCT-PT 2010: Proposal INNOVCOMP - Innovative and sustainable floor fm.d wall sys-

tems for light steel residential buildings (C25 participants: University of Coimbra - P'1

a iversity of Minho — PT

Inédlli;} 2010}:, Proposal SSBZ)AH - Sustainable Steel Bl\lilding Affordablc to All (C25 par-

ticipants: University of Coimbra -~ PT and University of Minho — PT) o

SE 2010: Climate and environmentally related life cycle mc)dciln}g and ppnmlzed struc-

tural design of sustainable civil and building structures SELCO (C25 participants: Univer-

sity of Luled)

@

@

@
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4 DISSEMINATION OF RESULTS
4.1 Conferences and workshops

The outcome of the work developed during the first three years of activity of the Action was,
respectively, disseminated in three major events, one in each year. .

The first event was the 1* Workshop of C25 on “Sustainability of Constructions” that took
place in Lisbon, Portugal, on 13, 14 and 15 September. 2007 . ' » .

The second event was the Seminar on Sustainability of Constructions that took place in

: Germany, on 6-7 October 2008. - _
Dr”efg}i:e?{lird even)t, was the International Workshop on Sustainablhty of Cionstructlons - Inte-
grated Approach to Life-time Structural Engineering that took place in Timisoara, Romania, on
23-24 October 2009. A ‘ '

The Seminar and the two Workshops main topics covered a wide range of up-to-date issucs
and the contributions received from the delegates reflect critical researcl} and'the best avallable
practices in the Sustainable Construction and Life-time Structural Engineering fields. Due to
the efforts and commitment of C25 members, three books could already be published. Figure 3
shows the front covers of the three books.

irst Book Second Book

Figure 3. Front covers of the three C25 books.




The full references of the C25 books are the following:

¢ L. Braganca, H. Koukkari, R. Blok, H. Gervasio, M. Veljkovic, Z. Plewako, R. Landolfo,
V. Ungureanu, L.S. Silva, (eds). Sustainability of Constructions - Integrated Approach to
Life-time Structural Engineering. Proceedings of the First Workshop. Lisbon, Portugal.
September 2007. 41 papers; 328 pages; ISBN: 978-989-20-0787-8.

» L. Braganca, H. Koukkari, R. Blok, H. Gervasio, M. Yeljkovic, Z. Plewako, R. Landolo,
V. Ungureanu, L.S. Silva, P. Haller (eds). Sustainability of Constructions - Integrated Ap-
proach to Life-time Structural Engineering. Proceedings of the Seminar. Dresden, Ger-
many. October 2008, 55 papers; 436 pages; ISBN 978-3-86780-094-5.

» L. Bragancga, H. Koukkari, R. Blok, H. Gervisio, M. Velikovie, Z. Plewako, R. Landolfo,
V. Ungureanu, L.S. Silva, (eds). Sustainability of Constructions - Integrated Approach to
Life-time Structural Engineering. Proceedings of the International Workshop. Timisoara,
Romania. October 2009. 38 papers; 390 pages; ISBN: 978-973-638-428.8.

The Final Conference of C25 will take place in Innsbruk, Austria, on 03-05 February 2011, It

will be organised as an open international conference and it is expected to gather about 200-250
people interested in learning and sharing knowledge in Life-time Structural Engineering,

4.2 Action related publications

Considering the originality and the high level of the work done so far in the Action, contacts
with editors of international journals were established in order to publish and disseminate a se-
lection of results achieved by (25,

The MDPT Journals on Environmental Issues of Built Environment agreed to publish a Spe-
cial Issue on "Sustainability of Constructions - Integrated Approach to Life-time Structural En-
gineering” of the International Journal “Sustainability” a selection of the papers from C25
members in 2010:

hitp://www.mdpi.com/journal/sustainability/special_issues/sustainability-constructions

4.3 Training Schools

some of the good results achieved by the Action were already disseminated and brought to
use due to the Training Schools organised by €25. So far, two very successtul Training Schools
were organised; the first one was “The LCA Training School” that was organised for 16 par-
ticipants in Eindhoven, Netherlands, on 13-15 February 2008, The participants were mainly
Early Stage Researchers from (25,

The second Training School “Sustainability in structures and structural interventions: Im-
proving the contemporary and historical urban habitat constructions within a sustainability and
risk assessment framework” was held in Thessaloniki, Greece, on 17-24 May 2009. It was
jointly organised by €25 and C26 and the number of Early Stage Researchers was 40, from
these two Actions.

A third Training School is being organised under the theme “Sustainability in Engineering: A
Life Cycle Approach in Structural Engineering”. The aim of the International School is to ad-
dress Sustainability in Engineering, and the Life Cycle Approach in Structural Engineering.
The Training School is intended for Early Stage Researchers and PhD students. An interna-
tional group of lecturers and experts in this field was selected for the preparation of the Pro-
gramme and a group was selected to deliver lectures during the duration of the School. The sci-
entific content of the School was prepared with the support of experts from COST Action C25.
The Training School is hosted by the Department of Building & Civil Engineering of the Uni-
versity of Malta and offers various opportunities for collaboration among the researchers taking
part. It will also serve as an important forum for the development of new ideas in the emerging
field of Life Cycle Analysis in construction,

4.4 Website

The website of C25 was established in the beginning of 2007 and since then has been continy-
ously updated in order to be easy to navigate and provide useful information for €25 Members
and Non-members. The website contains the information that has been produced by members of

the Action and turns it publicly available to other interested stakeholders. It includes the sec-
tions:

- Introduction to the aims and objectives of the Ac}i(m “Sustainability of (/‘(;‘nlsjim;éf?i?lﬁ;gf::tg
grated Approach to Life-time S(mctural' Englnccrmg’ and "(hc Mexnor\a}@}ml 0 . &( f/\;t,{n(y " ff;,_
T Management Committee and Working (ir()ups, nu’;ludmgll..‘l&a{s ol ivl&.,nlb‘.f\a, eeting Age
1as and Minutes, Presentations given in all meeting and additional documents;

- Case Studies descriptions; ‘ N

- Student Competition description and rules of mg; c<‘>mpcytxtgon; ‘

- Logo Competition containing the 27 ptpposalg f(}!‘ le C ”7‘*; Logo;

- Database (to be available as soon as this tz}t}1< is finished); o

- Links to LCIA Methodologies, I’.)aiahascs,. '41’001@; and other usetui‘lmkr} e definions

- A Glossary containing a list of “sustainability” 1'clutcd‘t/crms aqd the respective definitions.

The Action website can be found at: hitp//www.cmim.pl/coste25
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