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Editorial Introduction

T

he 15th World Conference on Earthquake Engineering
(15WCEE) was held in Lisbon, Portugal, 24–28
September, 2012. The World Conference is the flagship event of the International Association of Earthquake
Engineering (IAEE), and is held every four years. As usual,
the conference attracted technical papers and delegates
from countries around the world.
SECED membership was well-represented at the conference, including Edmund Booth and Ziggy Lubkowski, who
presented a paper on the future of Eurocode 8. In this issue
of the SECED newsletter, we reproduce their paper (with
the authors’ permission) to encourage further thought and
discussion on this important topic. The authors have also
been invited to present their paper at the April SECED
evening session, which I hope will be followed by some
lively discussion. I welcome feedback on the paper (or any
aspect of the newsletter) by email at damian.grant@arup.
com, for possible inclusion in a future issue.
After the conference, I invited some SECED members

Notable Earthquakes March
2012 – June 2012
14

to give their thoughts on the themes and trends emerging, and to reflect on what the next four years may hold
for earthquake engineering. In such a huge gathering, it is
impossible for one attendee to sample everything, and the
subjective conference experience is shaped by both planning and serendipity. This is reflected in the diversity of the
feedback.
Nevertheless, the comments have perhaps one thing in
common in noting that earthquake engineering, though
mature as a discipline, continues to develop. We owe it to
both clients and the general public to keep up to date with
technical, technological and commercial developments in
our field, and to employ the most appropriate and relevant
tools in our work.
To this end, younger members of the readership (< 35
years old) should consider submitting an abstract for and/
or attending the SECED Young Engineers Conference, to
be held in Newcastle in July. More information about the
conference can be found on p. 12 of this issue.
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Feedback from 15WCEE
Edmund Booth
I am a bit of an old timer at earthquake engineering World
Conferences. My first, number eight in the series, took
place in 1984 and made a huge impression on me. Apart
from being dazzled by San Francisco, it was a chance to
meet and talk to legends of the seismic engineering world
like Tom Paulay, Emilio Rosenblueth and Robin McGuire
and to be introduced to a bewildering range of new ideas.
I was also staggered at its size – so many simultaneous sessions, seven heavy volumes of proceedings.
Large though 8WCEE seemed at the time, Lisbon
eclipsed it totally in size. About five times the number of
papers was presented. However, this time the proceedings
could all fit into one’s pocket on a memory key (and then
promptly get lost – but that’s another matter). There were
over 2,000 delegates, nine simultaneous sessions and a final banquet where the tables stretched along a room one
kilometre long. This would seem to be a far from ideal recipe for giving one limited individual a rounded view of the
global state of the art. Yet I believe that the Lisbon World
Conference succeeded as well as any of its 14 predecessors
– and I think better than most – in doing just that.
15WCEE had many things going for it – an excellent venue which provided sufficient space for such huge numbers
without being overwhelming, a really excellent series of
keynote and invited lectures and some very good evening
workshop sessions extending for a couple of hours and
providing multiple presentations on a wide range of topics including the performance of base isolated buildings in
the Tohoku earthquake, and safety issues in nuclear power
plants. Another factor in its success was a rich source of
seismological and structural information from four major
earthquakes (Haiti, Chile, Japan, New Zealand) occurring
since 14WCEE, and the near completion of many of the
first projects of the Global Earthquake Model (GEM); both
provided plenty of material for informed debate.
For me, two significant milestones stand out from
Lisbon. First was the culminating evidence that though
capacity design remains (I believe) an essential tool for us
designers, it can no longer be regarded as our sole gold
standard. Fittingly, much of that evidence, and many of
the speakers presenting it, came from the birthplace of capacity design, Christchurch New Zealand.
Secondly, the era where response spectra dominated
descriptions of ground motions, which started around the
time of the first WCEE in 1956, may now finally be drawing to its close. The simplicity of a uniform hazard spectrum (UHS) provides many insights but can lead to gross
underestimation of the effects of ground amplification (as
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presented by Veletsos, in an invited paper sadly not appearing in the proceedings), confuses the effects of different
earthquake sources on ground shaking hazard and is not
conducive to non-linear dynamic analysis. Gail Atkinson
in her keynote address “Integrating advances in groundmotion and seismic-hazard analysis” offered the intriguing
possibility that in future a suite of ground motions, real and
synthetic, may replace the UHS as the primary descriptor
of local ground shaking hazard for design purposes.
In a development completely unimaginable to me at the
8WCEE in San Francisco, all the papers from the fourteen previous world conferences are now freely available
from www.nicee.org/wcee/ and doubtless 15WCEE will be
added shortly. The goal of promoting international cooperation in our subject seems as well catered for now by the
world conference series as it was in 1956. Pencil 16WCEE,
Santiago da Chile, into your 2016 diary space now.

Damian Grant (editor)
The most interesting presentations of technical papers
and special sessions that I attended at 15WCEE related to
lessons learned from recent earthquakes – particularly
the Chile earthquake of 2010 and the Christchurch, New
Zealand earthquakes of 2010 and 2011.
Following the Chile earthquake, the Applied Technology
Council (ATC) funded a project, ATC-94, collating practical lessons for reinforced concrete (RC) wall design. Joe
Maffei's technical presentation on the ATC-94 project
was very informative, focusing on the observed buckling
of boundary zone reinforcement and in some cases collapse of Chilean RC wall buildings. Chilean architectural
practice typically allows for a much larger wall area than
US buildings, but local codes do not require boundary
tie reinforcement. This means that buildings were typically stronger – though less ductile – than their American
counterparts. There was anecdotal evidence that buildings
that went beyond local codes in detailing boundary zones
generally experienced less damage. In the ATC-94 work,
analytical studies were supported by experiments to determine wall detailing that would be susceptible to buckling
of longitudinal bars in the boundary zone.
New Zealand researchers were well represented at the
conference, and some of the work presented shows that
research ideas about low-damage design are likely to be
a common sight in the Christchurch rebuild. Weng Kam
discussed “raising the bar” in design performance, following the lessons of Christchurch. Kam presented damage
data from Christchurch, and discussed efforts to establish
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“repairability” of RC buildings following the earthquake. In
many cases where in situ testing has been done, the residual
life of reinforcement was lower than expected, suggesting
that plastic strain was concentrated over a smaller crack
length than usually expected. Perhaps most importantly
for us engineers looking to implement these technologies,
Kam also cited a market- and society-driven demand for
higher seismic performance.
The most telling call to arms came from Stefano
Pampanin's keynote presentation on the implementation
of low damage systems, again drawing on lessons from the
Christchurch earthquakes and their aftermath. The idea
with low damage design is to extend beyond capacity design (in which we select ductile components of the structure to yield, and then design the rest of the structure for
higher forces so that they are very unlikely to fail in a brittle manner), which is effective at preventing collapse, but
not at limiting damage. Therefore, the idea is to make the
weakest link either able to accommodate large deformation
demand without damage, or make these components easily
replaceable. Pampanin claims that such structures are even
easier to design than conventional structures, even on the
back of an envelope, as the mechanics of rocking are well
understood, and the hinges perform in a more predictable
way than normal plastic hinges.
One very interesting application of replaceable fuses
that Pampanin discussed is external, replaceable mild-steel
dissipators. They can be attached to the structure in different ways, but the idea is to make them like electrical fuses
– if one needs replacement, you simply go to the hardware
store and tell them you need, say, a “10 kN fuse”, at a cost of
maybe $30 each.
As Edmund says, capacity design, though a necessary
tool in the earthquake engineer’s toolkit, may not be sufficient anymore to satisfy the expectations of clients and
the general public.

Sean Wilkinson
For me there were many highlights at the 15WCEE. Among
the non-academic ones were the city of Lisbon itself (how
had I not been to such a wonderful city before?), the food
(especially the melted sheep’s cheese that was often served
when you first arrived at your table) and of course the conference dinner, a great meal in an astonishing venue (an
old rope factory). And even someone as cynical as me
could not help be moved by the fantastic opera that was on
offer at the dinner.
On the academic side, I also think the keynote addresses
were brilliant. Edmund and Damian have already mentioned a few of them, so I will just comment on two of the
other keynote addresses that they didn’t mention. Firstly,
Gian Michele Calvi gave a fantastic presentation on retrofitting – the sort that makes you envious that you cannot
see things so clearly. I took away two important points from

this paper, the first being that strengthening cannot simply
be about meeting performance targets – as this does not
consider the reality of finite resources – but rather it should
be about matching needs to resources (i.e. considering the
risk, time windows and available human and technical capabilities). He made the important point that as performance levels are step functions, so too is the cost to reach
them, and that obstinately pursuing a determinate level of
performance may result in irrational cost–benefit ratios.
The paper then went on to compare three strengthening
strategies, showing how the optimum solution depends on
the level of risk considered. He concluded that using the
concept of expected annual loss is a better way of quantifying seismic resilience. The paper is long and involved, but
only because it is comprehensive, and I would encourage
anyone who may be involved in the difficult task of seismic
strengthening to read it.
The second keynote address that I want to talk about
is that of Mary Comerio. I have seen her present a couple
of times before and while her work does not contain the
same sort of technical detail that Calvi’s does, she too left
me in awe of her motivation and ability. The paper looks
at recovery after an earthquake and how this should be a
driver for urban renewal and the implementation of better
policies to achieve community resilience. She does this by
comparing the response to six disasters, namely: Hurricane
Katrina, 2005; Wenchuan China, 2008; Haiti, 2010; Chile,
2010; New Zealand, 2010–11; and Japan, 2011. The common
threads between these events that are compared as a means
of assessing the efficacy of recovery policy are the level of
central government in recovery management versus individual responsibility, private investment and choice. While
it was unsurprising to me that the US had relatively little
government intervention (resulting in a “must try harder”
report card) I was surprised to discover that Japan was also
found lacking in this area. And while I was not surprised
that New Zealand received an “A” on its report card, I was
surprised that Chile did so too (sorry Chile, why did I
doubt?). The disappointing thing with the paper is that it
does not present many of the graphs that Mary presented
on the day, and while I would still encourage you to read
the paper, if you get a chance to hear her speak then you
should do so.
Finally, in a roundup of the 15WCEE, it would be remiss
to not mention something about the Global Earthquake
Model (GEM). I will keep it short as I find GEM so overwhelmingly ambitious that it always makes my head spin.
I have heard some people confide that to develop a global
earthquake model is fantasy and yet the work that has been
done on GEM is really starting to bear fruit. The many papers and special sessions on GEM show that there is some
truly clever science and engineering being done under
this banner. A particular highlight was the presentation
by John Bevington, Tiziana Rossetto et al. about the GEM
inventory data capture tools. The reason that I remember
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Two recurring themes were earthquake simulation (and the eventual demise of ground motion
prediction equations, GMPEs) and of the limitations of response spectrum analysis, and perhaps
its eventual demise. It appears that seismic risk will
soon need, perhaps already does, to be considered
as varying with the time elapsed since previous activity. This has huge implications, not least for the
insurance industry, for highly regulated hazardous
industries and for real estate values.
All in all I realised how little I knew, and in pondering how much I needed to know, asked myself,
not for the first time, whether it is not application
of the knowledge we already have rather than further research that is most required if we are to staConference dinner at Cordoaria Nacional (© 15WCEE)
bilise, yet alone reduce, the annual seismic death
toll.
this is not only was the room packed with people – not
Ana Maria Malheiro and her colleagues at Laboratório
even standing room at this one – but also because EEFIT Regional de Engenharia Civil in Ponta Delgada organized a
have now deployed this tool in L’Aquila to capture not only brilliant two day workshop in the Azores on “Earthquakes,
building information, but also to log earthquake damage. I Rocks and Volcanoes” that followed directly on from the
eagerly await the impending EEFIT report on this.
15WCEE. With about forty delegates it was a complete contrast to Lisbon: more informal, more relaxed, and easier
for networking. The Azores has chemically active bedrocks
Andrew Coatsworth
which, when coupled with the high rainfall, gives rise to
I entirely agree with the others’ positive comments on deep and difficult residual soils. Along with the mountain15WCEE. The keynote and invited lectures were the high- ous terrain, this creates significant challenges for local geolights for me, but there were gems in other lectures and in- technical engineers. Add active volcanos and significant
deed the poster sessions. Inevitably I missed far more than seismic activity, and the archipelago is a huge natural hazI would have liked to.
ards laboratory. If I was a research worker I would seriously
Opening ceremonies are not conventionally the most consider learning some Portugese and seeking a place in
stimulating part of any conference. However in Lisbon the the excellent facilities available in the Azores.
speech by a Portuguese Minister, and formerly professional
engineer, as part of the opening ceremony drew interesting parallels between political and economic management
of financial risk, and earthquake engineering. Regrettably
the UK hardly has such engineering experience amongst
its politicians to recognise the benefits of our professional
approach to seismic risk.
The WCEE is inevitably a combination of keynote presentations by world class experts, of different specialist areas, of researchers (one third of delegates at Lisbon were
students) making early steps in their fields, and of sponsors exhibiting their wares. The Lisbon organisers achieved
this balance very well. The layout of the Lisbon Conference
Centre was a bit baffling at first, and areas in which to network were at a premium. The catering facilities appeared
stretched the first day or two, but fully recovered.
I found it hard to concentrate on a keynote lecture by
Professor Calvi due to a nearby delegate attempting to photograph every slide – using flash! Conversations by audience members during lectures also suggest that norms of
behaviour cannot be assumed. Conference secretariats may
Azores Workshop: Inside the lava caves, Gruta
need to consider making acceptance of a Code of Conduct
Do Carvão (© Andrew Coatsworth)
a necessary condition of conference registration.
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Creating a Vision for the
Future of Eurocode 8
Edmund Booth

Ziggy Lubkowski

Consultant

Arup

Summary

The six parts of Eurocode 8 (EN 1998) were published
during 2004–6, the outcome of a 15 year drafting period. Although in many respects the code represented the
state of the art when published, sections have become
outdated and in the authors’ view fundamental changes
are needed in order for Eurocode 8 to be regarded as the
international seismic code of choice in the period after
2020. What is urgently needed but currently lacking is
an overarching plan for developing the code, along the
lines that the US earthquake engineering community
produced so successfully 17 years ago in SEAOC’s Vision
2000 Report. The paper presents views on what Eurocode
8’s vision should be and the main areas where significant
change is needed, in the hope that it may initiate a fruitful discussion, and perhaps lead to the formation of a
working party of the EAEE to carry the matter forward.

1

Introduction

The six parts of Eurocode 8 (EN 1998) were published
during 2004–6, the outcome of a drafting period lasting
well over 15 years. The introduction of the Eurocode suite
represented a major upheaval in the practice of European
engineers and it was decided that a period of stability was needed after their initial introduction. Therefore,
the European Committee for Standardisation (Comité
Européen de Normalisation or CEN), which is responsible
for the Eurocodes, has directed that only corrections and
clarifications should be allowed in any of the Eurocodes
for at least ten years after first publication. The next major
revisions to the Eurocodes are now scheduled to be published during 2015 to 2020, and the ‘enquiry period’, during which redrafting takes place, starts during 2013. A primary aspiration for the next generation of Eurocodes will
be to bring national practices more into line, by reducing
the variation between the values and procedures for which

national choice is permitted, as expressed in each nation’s
National Application Document. While that may be sufficient for many of the Eurocodes, the recent rapid and
radical developments in earthquake engineering demand
something more for Eurocode 8.
Creating a comprehensive and co-ordinated set of design
rules for a very wide range of seismic engineering issues
was a major task. The scope of the six parts of Eurocode 8
exceeded any of the pre-existing European seismic codes,
or indeed that of any seismic code anywhere in the world.
It had to cover the very wide range of seismic hazard and
construction types that exists over the various parts of
Europe, and it also covered not only building structures
but a wide range of industrial and civil structures. Some
innovative features made aspects of Eurocode 8 more advanced than any other code available in 2004; for example,
the treatment of geotechnical issues was particularly ambitious. Therefore, the successful publication of Eurocode 8
eight years ago was a considerable achievement, and it has
subsequently been used as a model for codes in countries
outside Europe, such as Egypt and Vietnam. However, in
the authors’ view, it is now clear that fundamental changes
are needed in order for Eurocode 8 to establish itself as
the international seismic code of choice in the period after 2020. Earthquake engineering is a rapidly developing
field, perhaps changing more rapidly than applies to the
topic of any other Eurocode. The long period of drafting
means that many of the procedures and approaches in the
code are considerably older than eight years. The feedback
from users during the next revision process will of course
provide much useful information on what needs changing,
and the process of harmonising national choices will also
be useful. However, what the authors believe to be urgently
needed and currently lacking is an overarching plan for the
code, along the lines that the US earthquake engineering
community produced so successfully 17 years ago in the
Vision 2000 Report (SEAOC, 1995). The rest of this paper
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sets out the authors’ views on what Eurocode 8’s vision
should be and the main areas where significant change is
needed, in the hope that it may initiate a fruitful discussion, and perhaps lead to the formation of a working party
of the European Association for Earthquake Engineering
(EAEE) to carry the matter forward. The authors are both
practising structural or geotechnical consulting engineers
with many years of specialist experience in earthquake engineering; inter alia, one is the chair of the British Standard
Institution committee on Eurocode 8 while the other sits on
that committee and is a member of the EAEE council. Both
worked with French and British colleagues on a manual
for Eurocode 8 (Institution of Structural Engineers, 2010),
which gave rise to many of the views expressed below. They
remain, however, the personal ones of the authors.

2

A Vision for Eurocode 8

Successful revision of Eurocode 8 will require a set of goals
to be aimed at. Inevitably, not all the goals will be fully
achievable; different member countries of CEN may have
mutually conflicting aspirations and even where there is
pan-European agreement, goals such as simplicity of requirements, economy of the resulting structures and comprehensive coverage may conflict to some extent. However,
without a clear vision developed by a full debate among
European partners, the outcome is likely to be less than
ideal. As a contribution to this debate, a set of ideal aspirations from an end user’s (i.e. design engineer’s) point of
view is proposed below. These would of course have to be
achieved within the context of the CEN specifications for a
Eurocode, which are taken as read.
1. Incorporates state-of-the-art technology, yet remains
user friendly.
2. Allows state-of-the-art buildings to be designed without
undue restrictions on creativity, yet provides clear and
practical guidance for standard buildings implementable without unnecessary or impracticable demands on
designers’ expertise and time.
3. Provides the appropriate level of earthquake performance for a variety of limit states without excessive conservatism, allowing designers and their clients to define
and control with confidence structural response to an
earthquake.
4. Provides guidance on the use of emerging technologies,
at least to some extent, and where such technologies are
not explicitly referred to, does not prevent their use.
5. Applicable across a wide range of seismic hazard conditions, from very low to very high.
6. Provides procedures for specifying design ground motions adequate for standard cases, but also provides
comprehensive guidance on more sophisticated procedures for non-standard cases.
7. Provides straightforward analysis methods for superstructure and foundations which are adequate for standard cases, but also provides comprehensive guidance on
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more sophisticated methods.
8. Applicable across the entire range of structural types
covered by the Eurocode suite, including different construction materials (steel, concrete, masonry, timber
etc.), and different end uses (commercial, residential,
industrial, infrastructure, etc.).
9. Within its coverage of building design, applicable to a
wide range of types, from high rise, high tech to simple
low rise unreinforced masonry.
10. Gives guidance on the seismic assessment and retrofit
of existing structures, as well as on design of new buildings.

3

Areas for Review

How well does the current version of Eurocode 8 meet these
aspirations and where does it fall short? The ten points in
the previous section are now reviewed from this perspective.
1. Incorporates state-of-the-art, yet user friendly
Some sections of Eurocode 8 still provide leading information not found in other international standards (e.g.
shear strength models for structural walls, confinement
models for concrete beams and columns, bearing capacity models for shallow foundations). However, some are
substantially out-of-date. Examples include the hazard and
ground motion specification methods of Chapter 3 of EN
1998-1, the normative liquefaction procedures of Annex B
of EN 1998-5, the structural analysis methods suitable for
ensuring adequate performance in building structures of
Chapter 4 of EN 1998-1, design procedures for steel moment resisting frame building structures of Chapter 6 of
EN 1998-1 and the assessment methods for existing buildings of EN 1998-3. Review of some of the fundamental concepts is also needed, for example, the concept of ductility
class, as discussed in section 4.4.
2. Allows for state-of-the-art buildings, yet provides clear
and practical guidance for standard buildings
The drafters of Eurocode 8 were well aware that the code
would be used for widely varying levels, both of sophistication in the type of structure and of specialist expertise available to the designers, and accordingly provided a range of
different procedures. Thus concrete buildings could be designed to the sophisticated requirements of ductility class
high (DCH), or to the more straightforward ones of ductility class medium (DCM), while masonry buildings might
be designed to rules of thumb that required no analysis at
all. In a number of respects, this has not been successful.
Thus, the rules for DCH concrete structures are reported as
being impossible to achieve in some cases, while the DCM
rules are sometimes unnecessarily complex (for example,
for capacity design in shear of beams and columns) while
in other cases are arguably not sufficiently rigorous (for
example, for the design of concrete floor diaphragms and
structural walls). The rules of thumb for masonry buildings also need review.
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Figure 1. Comparison of Eurocode 8 and NEHRP amplification factors for long periods

3. Provides appropriate levels of earthquake performance
for a variety of limit states without excessive conservatism
A number of issues arise. Firstly, how many limit states
should be considered, and in how much detail? Although
nominally considering two limit states, in practice
Eurocode 8 currently deals with only one (ultimate limit
state) for structural elements, with serviceability limit
state checks confined to simplistic and almost certainly
inadequate checks of deflection. Non-structural elements
are given more attention, but the provisions do not fully
represent current best practice. The number of limit states
to consider needs review; for example, should a limit state
of near collapse be included for new structures? The target performance level for each limit state and the degree
of detail that each should receive also need careful consideration. Secondly, the difficult and major issue of how to
achieve the specified performance levels for each limit state
with ‘adequate reliability’ needs to be tackled, especially if
Eurocode 8 is to achieve the status of ‘international seismic code of choice’. As one important example, the lateral
strength demands of the code are much greater than those

for equivalent structures designed to US or New Zealand
codes, and though there is evidence that the latter may be
insufficient in this respect, at any rate for high rise buildings
(see for example Willford et al, 2008), the lateral strength
requirements of Eurocode 8 need serious review. The authors cannot quote specific cases in which the greater lateral strength demands of Eurocode 8 led to a rejection of
its use in favour of other codes, but would be surprised if
this has not already happened.
4. Provides guidance on emerging technologies
The current provisions for base isolated buildings are
insufficient, and there is nothing on supplemental damping and other current innovative techniques of improving
seismic performance. This needs to be addressed!
5. Applicable across a wide range of seismic hazard conditions (very low to very high)
Effectively Eurocode 8 provides for three levels of seismicity, namely very low (where the robustness and other
provision of non-seismic Eurocodes are deemed to provide
adequate seismic reliability), low (where a lateral strength
check using low values of the behaviour factor q is required,
but seismic detailing and capacity design are not required)
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and moderate to high, (where full seismic analysis, detailing and design are required). In essence, that appears to be
a sufficiently nuanced approach. However, the definitions
of the transitions between the three conditions needs review; the UK National Application Document to Eurocode
8 provides an alternative approach, and recognises that
not only the level of regional hazard (very low for Great
Britain), but also the Consequence Class (i.e consequences
of failure) of the particular structure under consideration,
as well as its structural form and local soil conditions may
need to be accounted for when deciding if seismic design
is needed. It may also be that the case of masonry design
in areas of low seismicity should receive special treatment,
perhaps in the form of largely qualitative provisions.
6. Specification of design ground motion
Eurocode 8’s current specification of ground motions
using a single value of peak ground acceleration (PGA)
coupled to standard spectral shapes is clearly inadequate
and is generally considered obsolete. The spectral shapes
currently recommended are also inadequate to capture the
known variation in seismicity across Europe; for example
in Romania and Portugal the spectral shapes are considerably different to the norm. Although individual countries
have the option to define more appropriate shapes within
their national annexes (and some countries have exercised
this option), the current recommendation results in a lack
of consistency between countries on how hazard is defined.
For over a decade US codes have used short and long period spectral acceleration maps to define the spectral shape.
A similar approach would overcome most of the issues of
variation of hazard characteristics across Europe. In addition Eurocode 8 is silent about the designer or client choosing to develop site specific hazard spectra. Clearly this is
not possible for all projects but should be permitted, assuming an appropriate level of study is undertaken. Other
more minor issues also exist, for example the values of the
period TD corresponding to initiation of constant spectral
displacement. The recommended values of TD values are
thought to be low, which could result in the under-prediction of displacement demand for long period structures,
such as tall buildings, long bridges or LNG tanks.
7. Methods of analysis
Eurocode 8 currently provides that ductility modified response spectrum analysis is the ‘reference’ method
for building structures, with equivalent static analysis allowed for simple buildings and non-linear static and dynamic methods given partial treatment. That was probably the right choice for the world as it was at the end of
the 20th century, but is no longer adequate for the second
decade of the 21st. More complete treatment is needed of
non-linear methods of analysis; the more recent developments in displacement based design (for example, Priestley
et al, 2007) should probably be included and a model for
EC8 has been proposed – see www.iusspress.it/pc/viewPrd.
asp?idcategory=25&idproduct=96. Sufficient guidance is
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needed so that clear and comprehensive guidance is given
on the analysis of innovative structures incorporating novel devices. A more difficult decision is what should replace
ductility modified response spectrum analysis as the new
reference method. The theoretical flaws and inconsistencies in the method’s treatment of non-linear behaviour are
powerful arguments against its use, yet in many ways it has
served rather well in ensuring that building structures have
adequate lateral strength, when used in conjunction with
other measures such as capacity design, controls on structural irregularity and ductile seismic detailing. The question of whether an elastic response spectrum remains the
best way of specifying design ground motions is another
difficult one, which should be examined.
8. Applicable across the entire range of structural types covered by the Eurocode suite
Having a common approach to the design of structures
as diverse as buildings, bridges, water towers and pipelines
is one of the greatest current strengths of Eurocode 8, and
the Eurocode suite more generally, and one of the strongest elements in its claim to be ‘international standard of
choice’. But ideally, the Eurocodes should fling their net
even wider, to cover (inter alia) dams, large buried structures and perhaps even nuclear power plants.
9. Guidance on the seismic assessment and retrofit of existing structures
In the view of the authors, Part 3 of Eurocode 8 is in
many ways unsatisfactory. The guidance it gives on both
assessment and retrofit design is much less helpful and
comprehensive than the US Standards ASCE 31 and 41.
Those US documents set a high standard to aspire to – and
of course exceed! The analysis methods proposed by EN
1998-3 are also rather curious, and in urgent need of review. The unique information present in the informative
annexes of Part 3 is impressive, but perhaps does not have
the degree of testing needed for fully confident acceptance
by design engineers.

4

Specific Suggestions for Changes

Discussion now follows on the specific changes needed to
address some of these aspirations.
4.1
Hazard and design ground motion
definitions
Several issues need to be considered, as follows. In all cases,
the international precedents being developed by the Global
Earthquake Model foundation (www.globalquakemodel.
org) should be taken on board.
4.1.1 Seismic hazard maps showing spectral values at
multiple structural periods
To ensure a consistent approach across Europe, the authors recommend the development of spectral acceleration
maps at multiple structural periods, similar to the short
period and one second spectral acceleration maps given
by ASCE 7 (ASCE, 2010) for the United States and which
have also been developed for other countries such as Saudi
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Arabia and the United Arab Emirates. Eurocode 8 need not
limit itself to two structural periods; one possibility would
be to recommend three separate maps of peak spectral
response on rock, one each for acceleration, velocity and
displacement. These maps could then be used to define appropriate response spectra.
4.1.2 Probability levels for seismic hazard maps
Hazard maps are needed at two or possibly three levels
of probability as has been done for use with the Russian
code SNiP II-7-81(Russian Academy of Sciences, 2001), in
order to be able to verify that the corresponding performance levels are satisfied.
4.1.3 Definition of spectral values
The issue of how spectral ordinates are defined needs review; for example, should the definition be based on maxof-2-recorded, as at present, or on geometric mean or on
max-of-all-orientations?
4.1.4 Ground type and site response analysis
One leading aspect of Eurocode 8 is the definition of site
class, and in particular the recognition in ground type E,
that presence of a relatively thin layer of soil over bedrock
is an important consideration for design ground motions.
However, the code should provide the option to use site
response analysis to characterise the amplification and attenuation of bedrock ground motions directly rather than
just relying on some enveloping coefficients, such as Fa and
Fv as defined by ASCE 7 (ASCE, 2010). Additional cases
also need to be defined where site response analyses should
be mandatory; clause 20.3.1 of ASCE 7 provides a possible
checklist.
4.1.5 Use of direct calculation of hazard as an alternative
to use of a national seismic hazard map
The code should permit the calculation of seismic hazard directly. Clearly such analyses are very specialised and
a technically challenging and clear specification will need
to be developed to ensure that site-specific studies are suitably conservative and not just used as a means for reducing
the design load.
4.1.6 Dependence of spectral shape on ground motion
intensity
One thing to note is the significant difference between
the S factor in EN 1998-1 and the Fa and Fv factor specified
in NEHRP. Figure 1 shows a comparison of amplification
factors at long periods, ranging from areas of low seismicity (PGA = 0.075g) to high seismicity (PGA = 0.40g)
and compares it to the Eurocode 8 Type 1 (high seismicity) and Type 2 (low seismicity) spectra. The difference is
very marked and it should be investigated, especially for
Eurocode 8 site class C and D, where the difference is greatest. It should be noted that the difference is almost insignificant at shorter periods.
4.1.7 Scaling of time histories
Finally, the selection and scaling of time histories need
to be further developed, taking into account recent work
such as ATC 82 (NEHRP Consultants Joint Venture, 2011).

In particular it should now be standard practice for a minimum of seven time histories to be used, as the variability of
responses from similarly scaled time histories is otherwise
too great. In addition the Conditional Mean Spectrum
(Baker, 2011) concept should be permitted as an allowable alternative, so time histories are selected or developed
that have greater realism and the potential to challenge the
structural performance more severely.
4.2
Geotechnical issues
Eurocode 8 Part 5 is one of the best geo-seismic codes to
have been published, and the original authors should be
congratulated at covering the important aspects. However,
there are a number of issues that need amending as they
are either overly conservative or are now considerably out
of date.
4.2.1 Assessment of liquefaction potential
Section 4.1.4 of Eurocode 8 Part 5 describes the requirements for assessing liquefaction potential. Furthermore the
code provides a normative methodology which relies on
SPT testing in Annex B. Since the code’s development there
have been numerous developments in liquefaction assessment methodologies, for example Cetin et al (2004) and
Idriss and Boulanger (2008). The code should allow the latest methods to be used, and a choice between alternative
methods of in-situ testing such as CPT or shear wave velocity should be explicitly permitted. It should also be noted
that in particular circumstances, the methods described in
the current Appendix B may be potentially unconservative,
especially for materials with high fines content. At the very
least Appendix B should be made informative rather than
normative.
4.2.2 Earth pressures on retaining walls
Annex E provides guidance for the calculation of earth
pressures on retaining walls, using either the MononobeOkabe method for flexible walls or the Wood (1973) method for rigid walls. As has been shown by Al Atik and Sitar
(2010), who carried out a range of centrifuge tests on retaining walls, the rigid wall assumption used in Wood’s method
is overly conservative. Furthermore they have shown that
designing retaining walls for maximum dynamic earth
pressures and maximum wall inertia is overly conservative and unnecessary. Ideally the code should be requiring
designers to carry out appropriate finite element analysis
of such problems, so the soil–structure interactions can be
properly addressed, rather than using methods which are
at least 40 years old.
4.2.3 Deep basements and effective ground type
The impact of deep basements on structural response
has been known for some time, yet very few codes permit
a change in effective ground type for deep basements passing through loose or soft surficial soils to more competent
bedrock. For example, Lubkowski et al (1998) showed that
a deep basement passing into bedrock responded due to
the bedrock motion and not the surrounding soil.
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4.3
Methods of analysis
Chapter 5 of EN 1998-1 was distinctive in placing ductility
curvature demand and supply μφ explicitly at the centre of
its requirements for ductile detailing of reinforced concrete
members. This was a radical and theoretically rigorous step
impossible to imagine as appearing in the pragmatically
based codes of the USA! However, linking μφ to the behaviour or ductility factor q was an essentially flawed concept – although it was necessary given the role of response
spectrum analysis as the reference method of analysis. The
flaws arise because q is a global measure of ductility demand, which gives a poor prediction of local demand expressed by a parameter such as μφ, and hence an equally
poor predictor of performance. Evaluating local ductility
demand necessitates a non-linear analysis, and although it
is true that Eurocode 8 gives more guidance on the use of
non-linear static (pushover) analysis than appeared in any
other contemporary code at the time of its publication, it
was not complete for building structures in Part 1, although
it was for bridges in Part 2.
Given the advances in available computing power and
(arguably) more widespread understanding of complex
non-linear analysis, there seems a clear case for moving
away from response spectrum analysis as the ‘reference’
method. The nature of its replacement is more problematic. It needs to give direct information on the spread of
non-linear behaviour through a structure, because this
can then be linked directly to structural performance. It
also needs to be linked to the ways in which design ground
motions are specified, and it is hard to imagine these will
change from being based on spectral parameters for many
years to come. Non-linear static analysis certainly ticks
both boxes, but there are issues on how to deal with multimodal, multi-directional response which might be difficult
to solve in a way suitable for inclusion in a code. These issues will need careful consideration and debate.
4.4
Ductility classes
Currently, three ductility classes are recognised, namely
high (DCH) and medium (DCM) which are recommended for areas of medium or high seismicity, and low (DCL)
for areas of low seismicity. Allowing the designer the freedom, within strictly prescribed limits, to balance provision
of strength against provision of ductility is in principle a
commendable idea, but in practice it has not worked out
well.
For concrete buildings, as noted above, the DCH rules
for concrete often appear to be hard to satisfy in practice,
and in any case there are two general reasons why providing high ductility is often of no advantage. Firstly, structures such as tall or flexible buildings which are governed
by deflection rather than strength gain no advantage from
high levels of ductility. Secondly, with increasing emphasis on serviceability performance, a high ductility option is
becoming less attractive. The best option is likely to be to
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dispense with the DCM/DCH distinction altogether. For
concrete structures, a radical review of DCM provisions
would be needed; some of the existing rules for DCH (e.g.
for shear strength of walls) could be moved to informative
annexes. For steel buildings, the DCM/DCH distinction
makes little practical difference in any case, and its removal
would be a less radical change.
4.5
Rules for masonry and timber buildings
Safe and simple rules for low-rise domestic buildings in
masonry and timber are clearly important. Section 9.7 of
Eurocode 8 Part 1, commendably, gives rules for masonry
buildings which do not require a seismic analysis. However,
they have not found much favour, suiting the needs of neither the low seismicity areas of northern Europe, nor the
high seismicity areas of southern Europe. A fundamental
review seems needed, accommodating the needs of both
the north (where much research has recently been carried
out) and the south. A review of the provisions for confined
masonry, which has been the subject of work internationally, is also needed. Chapter 8 on timber buildings needs
review, too; the pragmatic rule based approach of US codes
might teach us many useful things here.
4.6
Base isolation and supplemental damping
In the authors’ opinion, the rules of chapter 10 of Eurocode
8 Part 1 for base isolated structures form an incomplete
and unsatisfactory basis for design, compared with those
currently found in US codes, and in places chapter 10 sits
uneasily with the rules for base isolated bridges in Part
2. Generic requirements for passive methods of response
control, including base isolation and supplemental damping, should not appear at the end of Part 1, as they do now,
but in Chapter 2 – performance requirements and compliance criteria – which should also perhaps refer to other
systems, such as active control. Separate chapters on both
base isolation and on supplemental damping in buildings
are then needed to follow the material specific chapters for
buildings.

5

Conclusions

Extensive revisions to Eurocode 8 are desirable, possibly
to a greater extent than for any of the other structural
Eurocodes. Before embarking on such revisions, it is suggested that it is essential to formulate a clear vision for the
future of the code. It is fairly clear that funding for such
a task, let alone for the radical revisions of the code that
might follow, will not be provided by CEN. It is therefore
proposed that EAEE (European Association for Earthquake
Engineering) should as a matter of urgency set up a working party of distinguished European practitioners and
academics in earthquake engineering, tasked with providing a vision and roadmap for the future development of
Eurocode 8. In order to carry the work through to a successful conclusion, funding, ideally through the European
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Union, would be needed.
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Forthcoming Events
Date

Venue

Title

People

30/01/2013
at 18:00

Imperial College London
South Kensington Campus

Advanced technologies for mitigation of human-induced structural
vibrations

Speaker: Paul Reynolds (University of Sheffield)
Organiser: Andrew Mair
(Jacobs)

06/02/2013
at 18:00

Edinburgh University,
Godfrey Thomson Hall,
Edinburgh

Earthquake engineering - seismic
analysis and design in the UK

Speakers: Andrew Mair
(Jacobs) and Andreas Nielsen
(Jacobs)
Organiser: ICE Edinburgh Area
Branch

27/02/2013
at 18:00

Imperial College London
South Kensington Campus

Rocking of structures during
earthquakes: from historic buildings to modern design

Speaker: Matthew DeJong
(University of Cambridge)
Organiser: Tiziana Rossetto
(UCL)

For up-to-date details of SECED events, visit the website: www.seced.org.uk

SECED Young Engineers Conference, Newcastle 2013
The SECED Young Engineers Conference will be held at
Newcastle University on Thursday 14 July, 2013. The conference aims to bring together young engineers and researchers from both the industry and academia to meet
and exchange ideas related to the study and practice of
earthquake engineering and civil engineering dynamics.
Abstracts are invited on the following topics: structural
dynamics (experimental, numerical and practical); geotechnical earthquake engineering (experimental, numerical and practical); seismology and risk assessment; seismic
retrofit.
This is an excellent opportunity for PhD students to

display their ongoing research. Prizes of £100 and £50 will
be given to the two best papers presented at the conference.
(to qualify for prizes, the lead author and presenter must be
under 35 years of age on 1 January, 2013.
The deadline for receiving abstracts is 18 January, 2013.
For more information, visit the conference website: http://
conferences.ncl.ac.uk/SECED2013.
Editor’s note: at press time, the conference website is not
currently live, and the deadline for abstract submission is to
be extended. Refer to the SECED website, http://www.seced.
org.uk, for up to date information.

Induced Seismicity Conference, London 2013
Registration is now open for a 2-day conference to be held
in London, 13-14 February 2013, on Induced Seismicity.
The event is organised by the American Association of
Petroleum Engineers (AAPG).
The conference will bring expert seismologists from
academia and government together with executives from
the oil and gas industry to explore the key issues in this
fast-evolving field. The event will be chaired by Professor
Peter Styles of Keele University, a regular advisor to the
UK government and a preeminent expert in Applied and
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Environmental Geophysics.
The event is expected to be of interest to many SECED
members, and would make a good follow up from the
joint SECED/ICE event on “Hydrofracking for Energy
Resources” held in October.
For further information and registration, refer to the
conference website: http://europe.aapg.org/2436. (Please
note that this conference is not organised nor in any way
endorsed by SECED).

For updates on forthcoming events go to www.seced.org uk | SECED Newsletter Vol. 24 No. 1 January 2013

SECED Earthquake Competition Result 2012
Back in May 2012, Rassau, Wales, was rattled by a 2.5 magnitude or greater.
ML earthquake, making Matt DeJong of the University of
The map and list below show the location of the epicentres
Cambridge the winner of this year's SECED Earthquake of the past winning earthquakes and their successful
Competition. Matt was presented with a bottle of bubbly at prognosticators. Matt joins an illustrious back-catalogue of
mostly SECED committee members with his “prediction”
November's evening meeting.
Each year, Alice Walker of the British Geological Survey of the Rassau event.
SECED EARTHQUAKE COMPETITION
RESULT 2012
Look out for Alice at the SECED AGM in April to enter
organises the competition, in which entrants aim to
Matt
15 May 2012,
2.5local
ML
2013's competition.
divine the location
of DeJong
Britain's- Rassau,
next earthquake
of 2.5

EARTHQUAKE COMPETITION WINNERS 1996 - 2012
Nigel Hinings - Stoke-on-Trent, 6 May 1996, 2.8 ML
Tony Blakeborough - Carterton, 19 May 1997, 2.7 ML
Dene Wilson - Jura, 3 May 1998, 3.5 ML
500

400

Robin Adams - Hereford, 17 June 1999, 2.8 ML

1300

Robert May - Lleyn, 22 June 2000, 2.7 ML

46

300

Paul Doyle - Dumfries, 13 May 2001, 3.0 ML
Peter Merriman - Cardiff, 20 June 2002, 2.9 ML
Harry Wahab & Riccardo Sabatino - Aberfoyle, 20 June 2003, 3.2 ML

48

47

Chris Browitt - Driffield, 5 July 2004, 2.6 ML

1100

1100

Piroozan Aminossehe - Stoke-on-Trent, 8 June 2005, 2.6 ML

54

53

62
600

65

300

200

100

0

64

600

70

71

500

400

700

12 13 14
74
72
73 15 16
17 18 19 20 21
77
78 22 23 24 25 79
83 26 27 28 29
82
30 31 32 33 34 84
35 36 37
88 89
87
38 39 40
41 42 43
92
93
94
44 45
99
98
100
97

500

75

76
400

80

81
300

85

86
200

90

91
100

95

96
0

-100

0

100

500

61

700

59
700

800

400

Matt DeJong - Rassau, 15 May 2012, 2.5 ML

58

600

55
800

900

1
57
2 56
3 4
60
5 6
63
7 8
68
66
9
69
67 10 11

300

Chris Browitt - Gainsborough, 19 June 2010, 2.7 ML

-100

52

200

900

0

Zygi Lubkowski - Llannon, 6 October 2009, 2.5 ML

1000

700

51

Andrew Coatsworth - Penrith, 28 May 2008, 2.5 ML

50

600

1000

David Mallard - Folkestone, 28 April 2007, 4.3 ML

49

200

100

Matthew Free - Shieldaig, 8 June 2006, 2.9 ML

Ian Smith - Newton Abbot, 23 June 2011, 2.7 ML

1200

1200

Earthquake Competition Winners, 1996–2012
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Notable Earthquakes March 2012 – June 2012
Reported by British Geological Survey

Issued by: Davie Galloway, British Geological Survey, August 2012.
Non British Earthquake Data supplied by The United States Geological Survey.

Time

Dep Magnitude

Year Day Mon UTC

Lat

2012 02

59.48N 1.74W

MAR 14:59

Lon

km

ML

10

3.2

Mb

Mw Location
FAIR ISLE, SHETLAND

Felt Fair Isle and Shetland (3 EMS).
2012 03

MAR 12:19

22.14S 170.34E

14

6.6

LOYALTY ISLANDS REGION

2012 04

MAR 08:34

56.23N 4.83W

3

1.8

ARROCHAR, ARGYLL/BUTE

56.24N 4.77W

3

2.8

ARROCHAR, ARGYLL/BUTE

Felt Arrochar (3 EMS).
2012 04

MAR 23:23

Felt Arrochar, Lochgoilhead, Tarbet and Cairndow (3 EMS).
2012 05

MAR 23:06

12.35N 123.70E

37

5.6

MASBATE, PHILIPPINES

Ten people injured, one building destroyed and several others damaged in Masbate.
2012 06

MAR 12:26

55.77N 6.34W

10

1.4

ISLAY, ARGYLL & BUTE

Felt Bridgend, Islay (2 EMS).
2012 09

MAR 07:09

19.13S 169.61E

16

6.7

VANUATU

2012 13

MAR 21:22

55.11N 7.53W

3

1.0

BUNCRANA, IRELAND

3

0.7

BUNCRANA, IRELAND

Felt Milford, County Donegal (2 EMS).
2012 14

MAR 00:01

55.10N 7.56W

Felt Milford, County Donegal (2 EMS).
2012 14

MAR 09:08

40.89N 144.94E

12

6.9

HONSHU, JAPAN

2012 16

MAR 07:58

10.04N 125.63E

18

5.8

LEYTE, PHILIPPINES

At least 55 people injured and several homes destroyed or damaged in Surigao and in Basilisa, Dinagat Island.
2012 20 MAR 18:02 16.49N 98.23W 20
7.4 OAXACA, MEXICO
Two people killed, two more injured and at least 800 houses collapsed in Guerrero and several others injured
in Oaxaca.
2012 21 MAR 22:15 6.24S 145.96E 118
6.6 PAPUA NEW GUINEA
2012 25

MAR 22:37

35.20S 72.22W

41

7.1

MAULE, CHILE

One person killed in Parral, at least 11 injured and buildings slightly damaged in the Santiago area and 3
injured in Bio-Bio.
2012 30 MAR 04:53 55.74N 6.32W 10 1.3
ISLAY, ARGYLL & BUTE
Felt Port Charlotte, Islay (2 EMS).
2012 02

APR 16:51

55.78N 6.40W

9

1.7

ISLAY, ARGYLL/BUTE

Felt Bruichladdich, Bridgend, Port Charlotte and Kilchoman, Islay (3 EMS).
2012 05 APR 17:07 56.15N 5.37W
8
1.5
KILMELFORD, ARGYLL/BUTE
Felt Kilmelford, Lochgilphead and Mull (3 EMS).
2012 11 APR 08:38 2.33N 93.06E 20
8.6 NORTHERN SUMATRA
At least ten people killed, twelve injured and several buildings damaged in Aceh, Indonesia. Felt widely in
south and southeast Asia and as far away as Bombay, India and Broome, Australia. A small tsunami was generated with a maximum wave height of 1.08m which was recorded at Meulaboh, West Aceh.
14
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Time
Year Day Mon UTC

Dep Magnitude
Lat

Lon

km

ML

Mb

Mw Location

2012 11 APR 10:43 0.80N 92.46E 25
8.2 NORTHERN SUMATRA
A small, local tsunami was generated with a maximum wave height of 22cm which was recorded at Pulau
Enggano, Sumatra.
2012 11 APR 22:55 18.23N 102.69W 20
6.5 MICHOACAN, MEXICO
2012 12 APR 07:15 28.70N 113.10W 13
7.0 GULF OF CALIFORNIA
2012 13 APR 04:51 53.69N 1.12W
3
1.5
HENSALL, N YORKSHIRE
Felt Hensall (3 EMS).
2012 15 APR 15:53 54.46N 2.98W
8
2.0
AMBLESIDE, CUMBRIA
Felt Windermere, Troutbeck, Kentmere, Staveley, Kendal and Penrith (3 EMS).
2012 17 APR 03:50 32.63S 71.37W 29
6.7 VALPARAISO, CHILE
Two people killed (one in Quillota and one in Papudo), some buildings damaged in Valparaiso and rockslides
occurred in Santiago.
2012 17 APR 07:13 5.46S 147.12E 198
6.8 PAPUA NEW GUINEA
2012 20 APR 18:01 52.04N 0.94W 13 2.0
MILTON KEYNES, BUCKS
2012 21 APR 01:16 1.62S 134.28E 16
6.7 PAPUA, INDONESIA
2012 28 APR 10:08 18.69S 174.71W 135
6.6 TONGA
2012 07 MAY 04:40 41.55N 46.79E 11
5.6 AZERBAIJAN
Around 50 people injured and over 3,000 buildings destroyed or damaged in the Balakan/Qax/Zagatala area.
Some buildings also damaged in Tbilisi, Georgia.
2012 07 MAY 20:20 53.83N 2.27W 18 1.6
BURNLEY, LANCASHIRE
2012 11 MAY 12:41 26.18N 92.89E 43
5.4 ASSAM, INDIA
Two people injured in Kamrup as a result of a wall collapse and several buildings damaged in the Guwahati
area.
2012 11 MAY 18:17 51.85N 4.42W 5
1.8
CARMARTHEN, DYFED
2012 12 MAY 23:28 38.61N 70.35E 10
5.7 TAJIKISTAN
At least one person killed and many buildings destroyed in the epicentral area.
2012 15 MAY 06:41 51.81N 3.21W 12 2.5
RASSAU, BLAENAU GWENT
2012 20 MAY 02:03 44.89N 11.23E
6
6.0 NORTHERN ITALY
Seven people killed, 50 others injured and over 11,000 displaced in the Mirandola/Sant’Agostino area. Liquefaction observed in San Carlo.
2012 28 MAY 05:07 28.04S 63.09W 587
6.7 ARGENTINA
2012 28 MAY 14:07 55.75N 6.33W 10 1.6
ISLAY, ARGYLL/BUTE
Felt Port Charlotte, Islay (2 EMS).
2012 29 MAY 07:00 44.85N 11.09E 10
5.8 NORTHERN ITALY
Seventeen people killed, 350 injured and many buildings destroyed or severely damaged in the Cavezzo/
Medolla/Mirandola area.
2012 01 JUN 12:16 52.41N 2.62W
7
2.8
LUDLOW, SHROPSHIRE
Felt Craven Arms and Clee Saint Margaret (3 EMS).
2012 04 JUN 00:05 53.59N 2.71W
8
1.6
WIGAN, GTR MANCHESTER
2012 04 JUN 11:18 7.69S 106.37E 50
5.9 JAVA, INDONESIA
Two people injured and minor damage in Jakarta.
2012 06 JUN 07:58 54.15N 10.90W 3
4.0
WEST COAST OF IRELAND
Felt in the counties of Mayo, Sligo and Galway (3 EMS).
2012 10 JUN 12:44 36.42N 28.88E 35
6.0 DODECANESE ISLANDS
At least six people injured and several buildings damaged in Mugla, Turkey.
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Time
Year Day Mon UTC

Dep Magnitude
Lat

Lon

km

ML

Mb

Mw Location

2012 11 JUN 05:29 36.02N 69.35E 16
5.7 HINDU KUSH, AFGHANISTAN
At least 75 people killed, scores more injured and over 600 buildings either destroyed or damaged in Baghlan
and Takhar.
2012 14 JUN 05:52 37.29N 42.33E
5
5.3
TURKEY
At least 23 people injured and 25 buildings damaged in Sirnak, Turkey.
2012 14 JUN 06:06 56.65N 5.17W
6
1.4
BALLACHULISH, HIGHLAND
Felt Ballachulish and Duror (3 EMS).
2012 14 JUN 06:18 56.66N 5.15W
4
0.8
BALLACHULISH, HIGHLAND
Felt Duror (2 EMS).
2012 17 JUN 05:04 56.67N 5.16W
5
1.5
BALLACHULISH, HIGHLAND
Felt Duror (3 EMS).
2012 18 JUN 18:35 56.67N 5.17W
5
1.5
BALLACHULISH, HIGHLAND
Felt Ballachulish and Duror (3 EMS).
2012 19 JUN 15:36 56.68N 5.12W
4
1.5
BALLACHULISH, HIGHLAND
Felt Ballachulish (3 EMS).
2012 24 JUN 07:59 27.77N 100.78E 10
5.5 SICHUAN/YUNNAN, CHINA
Four people killed, at least 390 injured, over 6,700 houses damaged or destroyed and several roads damaged
in the Lijiang/Yanyuan area.
2012 25 JUN 18:29 56.67N 5.16W
6
1.2
BALLACHULISH, HIGHLAND
Felt Ballachulish (2 EMS).
2012 29

JUN 21:07

43.43N 84.70E

18

6.3

NORTHERN XINJIANG, CHINA

At least 52 people injured in Xinyuan.
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so as to be suitable for digital reproduction. Photographs
should likewise be submitted in high resolution. Colour images are welcome.

SECED, The Society for Earthquake and Civil Engineering
Dynamics, is the UK national section of the International
and European Associations for Earthquake Engineering and
is an affiliated society of the Institution of Civil Engineers. It
is also sponsored by the Institution of Mechanical Engineers,
the Institution of Structural Engineers, and the Geological
Society. The Society is also closely associated with the UK
Earthquake Engineering Field Investigation Team. The
objective of the Society is to promote co-operation in the
advancement of knowledge in the fields of earthquake
engineering and civil engineering dynamics including
blast, impact and other vibration problems. For further
information about SECED contact:

Please contact the Editor of the Newsletter, Damian Grant,
for further details.
Email
damian.grant@arup.com
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The Secretary
SECED
Institution of Civil Engineers
One Great George Street
London, SW1P 3AA, UK
Or visit the SECED website:
http://www.seced.org.uk
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