Earthquake Engineering in Europe:
Geotechnical, Geological, and Earthquake

EARTHQUAKE ENGINEERING
IN EUROPE

PAIHAIL GAKLY SR
ATILLA ARNSAL

EDITORS

E:"\ ' a
. Springer

Earthquakes, often referred to as nature's most powerful forces, have shaped the
Earth's landscapes for millions of years. Europe, despite being less prone to
seismic activity compared to other regions, still experiences earthquakes of

varying magnitudes. Earthquake engineering plays a crucial role in mitigating the
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risks associated with these phenomena, focusing on geotechnical and geological

aspects to ensure the safety of infrastructure and human lives.

Understanding Earthquakes

Before delving into the specifics of earthquake engineering in Europe, it is
essential to grasp the nature of earthquakes themselves. Earthquakes occur due
to the release of energy in the Earth's lithosphere, resulting in seismic waves that
travel through the ground and cause shaking and potentially devastating effects

on structures and communities.
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The strength of an earthquake is typically quantified using the Richter scale or the
Moment Magnitude scale (Mw). The Richter scale measures the amplitude of
seismic waves, while the Moment Magnitude scale assesses the total energy
released during an earthquake. Both scales are logarithmic and provide an

indication of the exponential increase in energy as the magnitude increases.

Geotechnical Factors in Earthquake Engineering
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Geotechnical engineering focuses on the behavior of soil and rocks during
seismic activity. Understanding the soil's response to earthquakes is crucial in
designing safe structures. Europe, with its diverse geological makeup, requires

careful consideration of soil properties in earthquake engineering.

One of the key factors is the determination of site-specific seismic hazards. This
involves analyzing the seismicity, faulting, and ground motion characteristics in
the region to develop appropriate design criteria. Different regions in Europe pose
distinct challenges due to variations in soil composition, tectonic activity, and

historical earthquake records.

Soil liquefaction is another critical geotechnical consideration. It occurs when
saturated soil temporarily loses its strength and behaves like a liquid during the
shaking of an earthquake. Liquefaction can lead to the sinking or tilting of
structures, causing significant damage. Engineers employ various measures to
mitigate liquefaction, including soil improvement techniques and proper

foundation design.

Geological Aspects in Earthquake Engineering

Geological factors also play a pivotal role in earthquake engineering. The
knowledge of fault lines, the movement of tectonic plates, and the seismic activity
history of a region helps engineers assess potential hazards and develop

effective mitigation strategies.

In Europe, the tectonic activity is more prominent in certain areas, such as the
Mediterranean region which lies along the boundary of the Eurasian and African
plates. Subduction zones, where one plate slides beneath another, also exist in

regions like the Iberian Peninsula. This understanding of geological processes



aids in predicting the probability of earthquakes occurring and assessing their

potential impact.

European Earthquake Engineering Measures

Europe takes seismic safety seriously and has implemented various measures to
enhance earthquake engineering practices. Each country has its own seismic
design codes and regulations, often tailored to suit their unique geological

characteristics.

One notable practice is the incorporation of base isolation systems in building
design. These systems decouple the structure from the ground motion, reducing
the amount of seismic energy transmitted to the building. This approach has been
successfully applied in countries like Italy and Greece, ensuring the stability and

resilience of buildings during earthquakes.

Case Study: Earthquake-Resistant Structures in Europe

Several iconic earthquake-resistant structures exist in Europe, showcasing the
effectiveness of earthquake engineering in safeguarding lives and reducing
damage. One such example is the Sagrada Familia in Barcelona, Spain. The
famous basilica incorporates seismic design principles, including a central core

that acts as a stabilizing element during earthquakes.

The Future of Earthquake Engineering in Europe

Earthquake engineering in Europe continues to evolve with advancements in
technology, research, and data analysis. Improved understanding of seismic
behavior, refined design codes, and the use of innovative construction materials

contribute to creating more resilient infrastructure.



Furthermore, collaborations between European countries foster knowledge-
sharing and exchange of best practices in earthquake engineering. This collective

effort strengthens the region's ability to adapt and respond to seismic events.

Earthquake engineering in Europe is a multidisciplinary field that combines
geotechnical, geological, and engineering principles to mitigate the risks
associated with seismic activity. By understanding the unique soil behavior,
geological processes, and implementing effective engineering practices, Europe

ensures the safety and resilience of its infrastructure and communities.

The efforts put into earthquake engineering in Europe serves as a model for other
regions prone to earthquakes worldwide. With ongoing research and
advancements, earthquake-resistant structures will continue to play a vital role in

protecting lives and minimizing the impact of these natural disasters.

Keywords: earthquake engineering, geotechnical factors, geological aspects,
Europe, seismic safety, base isolation, seismic design, earthquake-resistant

structures
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This book contains 9 invited keynote and 12 theme lectures presented at the 141"
European Conference on Earthquake Engineering (14ECEE) held in Ohrid,
Republic of Macedonia, from August 30 to September 3, 2010. The conference
was organized by the Macedonian Association for Earthquake Engineering
(MAEE),under the auspices of European Association for Earthquake Engineering
(EAEE).

The book is organized in twenty one state-of-the-art papers written by carefully
selected very eminent researchers mainly from Europe but also from USA and
Japan. The contributions provide a very comprehensive collection of topics on
earthquake engineering, as well as interdisciplinary subjects such as engineering
seismology and seismic risk assessment and management. Engineering
seismology, geotechnical earthquake engineering, seismic performance of
buildings, earthquake resistant engineering structures, new techniques and
technologies and managing risk in seismic regions are all among the different
topics covered in this book. The book also includes the First Ambraseys
Distinguished Award Lecture given by Prof. Theo P. Tassios in the honor of Prof.

Nicholas N. Ambraseys.

The aim is to present the current state of knowledge and engineering practice,
addressing recent and ongoing developments while also projecting innovative
ideas for future research and development. It is not always possible to have so
many selected manuscripts within the broad spectrum of earthquake engineering
thus the book is unique in one sense and may serve as a good reference book for

researchers in this field.
Audience:

This book will be of interest to civil engineers in the fields of geotechnical and

structural earthquake engineering; scientists and researchers in the fields of



seismology, geology and geophysics. Not only scientists, engineers and students,
but also those interested in earthquake hazard assessment and mitigation will

find in this book the most recent advances.
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