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Abstract

Any engineering system should meet specific economic and technical needs. Recently, climate
changes increased the awareness of environmental impact of anything is manmade. Therefore,
together with economic costs and solutions optimal from a technical point of view, the today’s
engineers should take into account the rate of sustainability of their devices, structures and
components. Their effort should be addressed to invent and put in practice integrated approaches to
combine technical, social and environmental needs. This holistic approach is currently known with
the circumlocution “Life Cycle Thinking” (LCT). As for civil engineering, nowadays the protection
of buildings from earthquakes and the energy upgrading move on two different pathways. Therefore,
a structural intervention on an existing building does not consider at all its impact on the energy
upgrading and vice-versa. To combine them is a new frontier in civil and energy engineering:
effective solutions have to be optimized, in order to save precious sources and preserve our planet.
This cannot be done without life cycle assessment, which gives a more correct estimation of the
economic and environmental costs over the whole life cycle of the engineering system.

In this course, after an introduction about the effects of climate changes on the risk assessment on
engineering systems, the LCT is presented. A general overview of issues arising in evaluating the
seismic capacity of buildings is presented, together with the fundamentals of life cycle assessment.
Afterwards, an innovative methodology currently under the study of the Italian Department of Civil
Protection is discussed. This methodology is addressed to improve, in a combined way, both structural
and energy behavior of existing buildings. Seismic and energy performance indicators are introduced
as flexible tool functional to the integrated approach. To better explain the methodology, two real
cases of existing masonry buildings are discussed, comparing the assessment in case of life cycle
assessment to show how the latter strongly influences the final results.

The course is addressed to PhD students, post-doc researchers and anyone interested in developing
skills on multi-disciplinary and integrated approaches in civil, industrial and energy engineering.
Indeed, the methodology presented is a broad-spectrum approach and the underlying assumptions can
be adopted in different fields where life cycle thinking and life cycle assessment enter the engineering
design.



Agenda

Day #1
Fundamentals of structural retrofitting of existing buildings and life cycle assessment

e Effects of climate changes on risk assessment: the need of integrated approaches and Life-Cycle
Thinking

e Fundamentals of structural retrofitting of existing buildings under earthquakes

e Fundamentals of life cycle assessment in engineering systems

Day #2
Integrated approaches in civil engineering

Methodology for combining seismic retrofitting and energy efficiency of existing buildings
Definition of seismic and energy performance indicators

How life cycle assessment enters the methodology

Applications on two real masonry buildings
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