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ContentsThe Bingol Turkey Earthquake
A field report on the May 2003 Earthquake by Frederick Ellul.

Introduction

As part of ongoing research at the
University of Bath into the vulnerability
of low-engineered reinforced concrete
masonry infilled framed buildings, a
post earthquake visit was organised to
document the effects of the event that
occurred on the 1st of May 2003, at
Bingol, Turkey.

At 3.27 a.m. local time (00.27 GMT),
an earthquake measuring 6.4 on the
Richter magnitude scale occurred at a
depth of circa 10 km, in the south

Anatolian high-mountainous province
of Bingol, in eastern Turkey. The event
was centred about 15 km North West
of the city of Bingol (Fig. 1), the
province’s capital, 665km East of
Ankara. In all, 177 fatalities were
reported and around 519 people were
injured. However, the event will mostly
be remembered for the tragedy
occurring at the Celtiksuyu school
where 84 people, nearly all children,
lost their lives in the collapse of the
dormitory block. Another 70 people lost
their lives in collapses throughout
Bingol town itself.

Figure 1  Map of Turkey and event location bounded by 100 km radius
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Bingol town is around 1150 metres
above mean sea level and straddles the
Capakcur River which flows through an
entrenched alluvial valley. The most
notable event to have affected the town
of Bingol in living memory, is that of the
22nd of May 1971, when a magnitude
6.7 event with an epicentral distance
of just 17 km from the present
earthquake, resulted in the death of
around 875 people and injured 1000.

Bingol Town and its Building
Stock

The town is administratively composed
of 13 districts (Fig. 2). However, it is
topographically divided in two by the
river Capakcur flowing east-west. The
southern bank includes districts with
predominantly traditional buildings
mostly of 1 to 2 storeys high. The
districts of Inonu, Yesilyurt and Kultur
are effectively the town’s centre,
housing institutional buildings. On the
northern bank, the town is essentially
composed of a recent settlement area
which has been generally established
after the 1971 earthquake, and is built
upon deep alluvial deposits composed
of coarse gravel to boulder size material

within a stiff plastic clay matrix. This part
of the city includes a gross
predominance of in situ cast reinforced
concrete framed buildings with hollow
clay brick infills.

By far the majority of all new buildings
in Bingol are reinforced concrete frame
structures with hollow clay infilled
masonry. Most people live in such
buildings, which are termed beskats
because of their five storey height.
These buildings consist of reinforced
concrete slabs cast monolithically with
reinforced concrete beams and
columns. Masonry infill is mortared in
place between the cast in-situ frame to
form partition walls without any positive
connection to the latter. No lifts are
usually provided and a single reinforced
concrete staircase simply connected to
the floor slabs provides access to upper
storeys. Most buildings have an
irregular three dimensional frame grid
owing to complex functional
requirements and often infills of partial
heights create short columns,
especially around window openings. In
the central part of the town, most
buildings adjacent to each other did not
have any gap between them, however
many of the buildings are completely

isolated in the newer districts. The
orientation of the columns is haphazard
in plan and depends on the location of
the infill walls, leading to irregular
column spacing and orientation, with
most columns having a rectangular
constant section throughout the
building height. Often a large
percentage of columns are oriented in
the same direction, making buildings
much weaker in one lateral direction.
Column bars usually terminate in
hooks.

All reinforcement is generally smooth
mild steel, however evidence was seen
of increasing use of deformed high
tensile steel bars in some of the most
recently constructed buildings. The
buildings are constructed in-situ and the
aggregate and sand is obtained from
the river bed. It is not washed or sieved
and any water source which is at hand
is used in the mix. Mixing of concrete
is done by volume and not by weight,
using either portable concrete mixers
or even simple manual mixing. A ready
mix batching plant is present in the city,
but concrete from this source is
considerably more expensive than
concrete mixed on site. The resulting
concrete is generally of poor quality,

Figure 2 Map of Bingol Town
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with a weak compressive strength
below the 20MPa minimum allowable
cylinder strength in zone 1, as required
by the Turkish Seismic Code.

Once the frame is partially or totally
complete, the infill walls are constructed
against the narrow side of the column
bonded to it with cement. The masonry
infills are hollow clay bricks laid in
cement mortar. The outer walls are
usually constructed in two wythes
separated by a 20mm polystyrene
insulation layer with no structural
connection either between the wythes
or to the reinforced concrete frames. A
coat of cement-lime plaster circa 30
mm thick is generally applied to either
side. Room partitions are built from one
wythe of masonry and where these do
not intersect the frame underlying
beams spanning in between beams are
provided for their support. Reinforced
concrete shear walls are the exception
in most buildings, even when lift shafts
are present as these are usually
constructed from infill masonry. Sloping
roofs are constructed from a rough
timber framework and sheathing over
a horizontal reinforced concrete slab.
Constructions built after the year 2000
did evidence more attention to detail,
such as closer stirrup spacing and the
use of high tensile deformed bars.
However, even if the approved plans

comply with the current Code, it
appears that no mechanisms are in
place to ensure that construction
conforms to these plans. Government
buildings such as schools, military and
social housing projects often evidenced
higher construction standards,
especially through the quality of the
concrete, although glaring exceptions
were also noted.

Traditional Buildings and Their
Performance

In the Eastern part of Turkey, traditional
construction comprises variants of the
himis type buildings and also un-
reinforced masonry construction. The
former is usually built by the owner,
relying solely on experience. A typical
himis building is composed of timber
laced masonry, where the latter can
range from rubble held in place with
mud mortar, to mud brick or to more
carefully chosen stone blocks. The
timber lies in bands of typically up to 1
metre height. All these buildings have
a timber roof possibly with metallic
sheeting. Such buildings are usually
small in size, of no more than one
storey in height and provide
accommodation for one family at most.
In addition many un-reinforced
masonry buildings were also observed
in various parts of the town. The quality
of these constructions varies from

rubble buildings of one storey height
with timber roofs to carefully
constructed houses with hewn stone
masonry units. These buildings are
usually small dwellings of no more than
two storeys.

The damage to such constructions is
generally commensurate with the
quality of construction through the
builder’s experience and therefore the
damage observed in these
constructions varied widely, with many
apparently suffering no damage
whatsoever and standing next to
collapsed reinforced concrete framed
buildings. A few of these buildings did
however collapse whilst others suffered
moderate to heavy damage. It did
appear however that where such
constructions exceeded certain sizes,
such as two or more storeys, severe
damage to them was common. Rubble
walled houses suffered heavy damage
and out-of-plane wall failures, however
unreinforced masonry structures also
generally suffered severe damage in
many areas. The prevalent damage
type was the x-shaped shear crack in
the masonry panels, whilst in other
buildings out-of-plane collapses were
noticed. Most of the damage to these
structures occurred in the villages
around Bingol town.

Figure  3  The town of Bingol and its building stock, note the mosque in the centre
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Observations

The most interesting fact about the
Bingol event is the general uniformity
of the building stock in Bingol town, with
typically only slight variations to the
basic 5 storey structure, such as a
commercial ground floor, different
storey height or the presence of a
structural wall, thus allowing for the
clear identification of strengths and
weaknesses. All new buildings are
reinforced concrete masonry infilled
frames, employing weak hollow clay
blocks. No construction is higher than
6 storeys (except for the mosque) and
only few have reinforced concrete
shear walls included in their design.
Compliance with seismic provisions is
mandatory, and investigations of
documentation submitted for planning
approval revealed that detailed
structural designs accompany
architectural plans.

Collapses were few, though
unfortunately tragic, as the occupancy
of apartment buildings is invariably high
and thus the possibility of a high
casualty rate is obvious. Two different
collapse modes were observed.  The
greatest number of lives were lost when
buildings collapsed in a pancake type
mode, which occurred in at least one
building, the Celtisuyuk dormitory block,
and possibly in an apartment building
in the town, which could not be

confirmed. However, the gross majority
of the collapsed buildings failed due to
a soft ground storey, with the remaining
upper floors or underlying basement
remaining practically intact.

Few buildings throughout the town with
a soft storey at ground floor did not
suffer severe damage. The ones that
did not were probably located in areas
where ground shaking was not as
intense as the main record available.
Moreover, for the buildings in the town
centre which abutted each other,
consideration has to be given to the fact
that the adjacent blocks provided
mutual support during the event, and
thus had reduced displacements and
consequently less damage. The
majority of buildings with a soft ground
storey did however evidence significant
damage in the ground storey columns,
which suffered various shear type
effects. These were accompanied by
vertical hairline cracks between the
beam column joints, and almost total
masonry infill destruction in the internal
partitions at ground floor. Damage to
the reinforced concrete elements was
nearly solely confined to the ground
floor, apart from a few very narrow
cracks in other storeys. The masonry
infills in the first floor then suffered
moderate damage in most cases, but
all semblance of damage was gone by
the second storey with nominal frame
infill separation in the upper storeys.

As expected, the reinforced concrete
frames with masonry infills formed a
relatively stiff and strong lateral load
resisting system in the upper storeys,
unlike the frames with few or no infill
walls in the ground storey, in order to
provide more space for commercial
outlets. The smaller stiffness at ground
floor thus induces increased
deformation demand in the frame
members of the soft ground storey and
almost the entire lateral deformation is
concentrated in the ground storey
columns with the upper storeys moving
laterally as a rigid block. Additionally,
unlike the upper storey columns, the
ground storey columns in such
buildings could not share the lateral
shears with the infill walls. Many of
these then sustained brittle shear
failure. The generally poor concrete
strength, with a typical value of less
than 15MPa compressive cylinder
strength, only made matters worse.
Volume batching, which does not
account for moisture in the aggregates,
as against weight batching, manual
mixing techniques and placement, all
resulted in a higher water content to
ensure good workability, and in a weak
porous concrete. The smooth round
largish river pebbles further contributed
towards a weak mix.

The lack of ductility of the constructions
was evidenced by the general lack of
significant cracks in the reinforced
concrete elements. Fully developed
plastic hinges were noted only
sparingly, as they seemed to be
preceded by shear cracking. This is
also a direct consequence of the
detailing practice adopted for the
reinforcing stirrups in the columns,
which offered only light confinement to
the core concrete. These therefore
failed in a brittle shear mode and were
prone to catastrophic failure. Damage
in beams was rare, as the weak column
strong beam mechanism did not allow
these elements to develop their full
strengths and the columns failed
before. Only in buildings without a
dominant soft ground storey was
concrete spalling and evidence of
cracking noted in beams. Rarer still
were beam-column joint failures.

Many fully infilled apartment buildings,
without commercial premises in their
ground floor, suffered non-structural
damage to the masonry infills, in theFigure  4 School buildings suffered heavy damage during the event. A

complete ground storey failure was suffered by the one in the picture.
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form of shear cracks at the ground
storeys. Though such damage proved
alarming to the local populace, the
damage was generally slight,
predominantly in the ground storey and
gradually dying out to hairline cracks in
the finishes of the upper storeys. The
reinforced concrete elements of these
constructions generally suffered only
localised damage to particular details,
such as at construction joints or
intersecting beam junctions. Evidently
the masonry infills supplanted the lack
of ductile detailing in these
constructions.  Few out-of-plane
collapses of the infill walls were visible,
however complete corner collapses,
where the infill walls formed the building
corner, were noted.

The presence of reinforced concrete
shear walls generally ensured that
buildings suffered much less damage
than for constructions without them,
especially when these were combined
with small room spans and a regular
structure. Though many government
buildings suffered severe damage, as
evidenced by the number of schools
and police stations rendered unusable,
general concrete quality and on-site

attention to detail did appear to be
better than for the typical 5 storey
apartment block.

The very poor performance of irregular
structural configuration was noted,
such as short column effects and
torsionally irregular structural systems.
Buildings with plan asymmetry
experienced significant torsional
motions. As a result, the flexible side
of the building experienced larger
displacements than the stiff side. The
excessive deformations caused
considerable damage to the columns
on the flexible side. Buildings with plan
irregularities, such as those with re-
entrant corners or L-shape plans, were
uncommon as were those with
elevation irregularities involving large
vertical setbacks in elevation, whilst no
floating columns were noticed in the
constructions. The total absence of
intermediate storey collapse was also
observed.

The difference in damage between one
district and another in Bingol town can
be attributed to local site amplifications.
However, even if the possibility exists
of larger earthquake forces actually
being imposed on the structure than

Figure  5 Two identical buildings next to each other, one collapsing the other rendered unusable.

those originally designed for  (as shown
by the comparison of the strong motion
record with the design spectra for the
region), regular structures in close
proximity to irregular ones, built to the
same standards and subjected to the
same ground motions, only suffered
slight damage. Therefore, the
overriding lesson conveyed from the
event is the need to have design
professionals strongly conceptualise
the structural behaviour of the
construction when subjected to lateral
forces. Further improvement would be
attained by the gradual education
towards well detailed reinforced
concrete structures.  Given the level of
expertise employed in the region in
applying a modern material, such as
reinforced concrete using low
technology methods, heavy damage
and collapse was almost exclusively
precipitated by “architectural” rather
than structural design flaws.

A recent report based on the field
mission has been written by Frederick
Ellul and Dina D’Ayala (senior lecturer
University of Bath) and can be found in
the link below:

http://www.istructe.org.uk/eefit/files/
BingolFieldReport.pdf
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The new season of SECED evening
meetings began with a well-attended
discussion on the subject of Offshore
Wind Turbines.  With the UK’s first large
scale offshore windfarm in
construction, and the Crown Estates
lease competition for a second round
of larger offshore windfarms now
underway, it was evidently a subject of
wide interest.  Those present were
treated to excellent talks from Dr Ervin
Bossanyi of Garrad-Hassan and Dr
Byron Byrne of Oxford University,
covering overall system dynamics and
foundation aspects respectively.

The meeting began with the award of
the “Guess the Next Earthquake”
competition prize by Chris Browitt to
Harry Wahab and Riccardo Sabatino
of KBR.  Their “shrewd interpretation

to the seismic hazard map of Scotland”
was rewarded with Champagne all
round.

The technical meeting began with a
short scene-setting introduction from Dr
Byron Byrne.  Byron summarised the
drivers for the development of
renewable energy, the targets and
aspirations that the government has set
and the numbers of offshore wind
turbines that would need to be
developed to meet the government’s
targets.  Of the order of 4000 turbines
would be required to produce 10% of
the UK electricity by 2010 - this is
indeed a massive challenge!  To get
this development moving the
government has already allowed for the
installation of 540 turbines and has set
aside land for a further 6GW of offshore

wind.  These areas will be developed
over the next few years.  Typical loads
and sizes for the wind turbine were
presented.  A 3.5MW turbine might
weigh 6MN and the wind/wave force
might combine to be a horizontal force
of 4MN acting at 30m above the sea-
floor.  This leads to a massive moment
on the foundation system.  The hub of
the turbine might be 90m above the
seafloor and the rotor diameter might
be about 95m. The loads can be
compared to a typical large jack-up rig
where the vertical load is approximately
200MN and the horizontal load is about
25MN acting at 80m above the seafloor.
The wind turbine loads are very much
smaller and the horizontal load is a
much higher proportion of the vertical
load than for the jack-up rig. Therefore
whilst experience from the oil and gas

Figure 1 Comparison of Static and Dynamic Loads: Offshore Wind and jackup drilling platform.

Philip Cooper reports on the Joint SECED/OES/WES meeting held on 24th September 2003.
Structural Dynamics of Offshore Wind Turbines
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industry can be used it will still be
necessary to develop specific design
approaches for the wind turbines. In
particular the wind turbines are more
dynamic than typical offshore
structures.

Byron then handed over to Dr Ervin
Bossanyi of Garrad-Hassan, a leading
specialist consultancy with a 20 year
history in the wind energy industry.  His
presentation covered the various
sources of applied environmental
loading experienced by an offshore
wind turbine, including wind, wave and
current loads in both normal and
extreme conditions.  To comply with
appropriate standards, the turbine must
be shown to be able to withstand
appropriate combinations of these
applied loads during the various design
situations, including construction,
transportation, normal operation,
maintenance and fault conditions.

To understand the loading on the
turbine, time domain dynamic response
simulations are used.  This is
necessary because of non-linearities,
for example in blade aerodynamic
response, and resulting from the
operation of the control and safety
system as it changes the operational
state of the turbine.  The simulations
must take into account the structural
flexibility of the turbine, together with
the dynamics of the power train and
control system.  An aeroelastic/
hydroelastic model is required, since
the vibrational velocities of the
structural elements themselves modify
the aerodynamic and hydrodynamic
forces experienced by the structure.

The normal environmental conditions
might include any combination of wind
speeds, turbulence, wave heights and
periods, currents, and various
misalignments between wind, wave
and current directions.  Potentially, a
huge number of simulations would be
needed to cover all possible situations;
in practice it is necessary to define a
smaller but representative subset of
conditions.  The effect of wakes of
nearby turbines also needs to be
considered.

Extreme wind gusts and non-linear
extreme waves must also be modelled.
Extreme environmental conditions with
one or fifty year return times are used

in combination with the appropriate
design situations.  Breaking waves are
difficult to model, especially the
plunging breaking waves which may be
experienced in shallow waters.

Some results from the detailed
experimental monitoring programme
based on the two 2MW offshore
turbines at Blyth were presented,
showing excellent agreement between
monitored loads and those predicted by
simulation codes such as GH-Bladed.
Results demonstrated that it is vital to
model wind and wave loading
simultaneously:  separate treatment of
wind and waves results in very
conservative load estimates, as it
ignores the fact that the wave-induced
tower vibration is very significantly
damped as a result of the aerodynamic
forces on the turbine rotor when it is
operating.

Byron Byrne then returned to the stand
to elaborate on prediction of foundation
performance, which strongly influences
the dynamic response of offshore wind
turbines.

In the first round of development the
typical foundations will be monopiles as
this is established technology, and well
suited to the predominantly shallow
water sites.  As the developments move
into deeper water and confidence is

gained with different designs, a
preferred foundation could be a shallow
skirted foundation.  These foundations
can be installed using suction or even
gravity alone, thus reducing installation
costs considerably.  The talk
concentrated on the development of
theoretical models to describe the
response of shallow foundations to
different loading regimes.  These
models originated in the jack-up
industry where the understanding of the
dynamic response of the rig is
dependent on the fixity assumed at the
foundation.

The new theoretical models are based
on hardening plasticity and can model
the non-linear behaviour of soils well.
They can also be implemented within
structural analyses packages easily so
that time domain analyses can be
carried out. They require four
components:
a) yield surface - a locus of allowable
combinations of load on the footing;
b) hardening rule - a definition of how
the yield surface expands or contracts
(usually a function of vertical plastic
penetration);
c) flow rule - a definition of the ratios of
displacement on yielding, and;
d) elasticity - a description of the footing
response when the load state is within
the yield surface.

Figure 2: Comparison of Measured and Predicted dynamic response for Blyth
turbine.  (Garrad Hassan)
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These models have been developed for
clay and sand but are restrictive in that
they model only: i) planar loading; ii)
circular plates or spudcans and; iii)
monotonic loading.

The presentation then described a
large joint industry-academia research
project at which some of the
shortcomings of the plasticity models
and the design of novel offshore
foundations is being addressed.
Specifically, the research project is
aimed at developing theoretical models
for skirted foundations for offshore wind
turbines. Three phases of work are
underway:
a) laboratory scale tests: these are
small scale but highly complex tests
aimed at determining the response of
the foundations to loading patterns
applicable to offshore wind turbines.
Such tests include cyclic vertical
loading and cyclic moment loading.
Issues of installation resistance,
ultimate capacity, serviceability and

fatigue are being addressed.
b) field scale tests: tests are to be
carried out at a larger scale at
Bothkennar (clay) and Luce Bay (sand)
in Scotland. These will be to assess the
effects of scale on the laboratory test
results.
c) theoretical development: the
plasticity model will be improved to
account for different geometries, six
degree of freedom loading and to
model cyclic loading. The latter is a
particularly important development as
this will have considerable influence on
the understanding of the dynamic
response of the structure from
numerical analysis.
A few examples of preliminary versions
of a cyclic loading model were
presented which showed good
agreement with the experimental data
(Figure 3).

The talk concluded by stressing that a
proper treatment of the foundation is
essential to the understanding of the

dynamics of offshore wind turbines.
This treatment can be made by using
relatively simple foundation models
based on hardening plasticity which
model the non-linear behaviour of soil
extremely well.  A research project is
underway to develop these models
further and specifically for suction
installed skirted foundations.  These
foundations may be applicable to a
number of sites that have been
designated for offshore wind
development.

A lively question and answer session
ensued, initiated by Chris Browitt, who
was keen to learn why seismic actions
had not been included in the list of
design loads.  Ervin Bossanyi assured
Chris that seismic effects were often
considered, but tended to be much less
onerous than wave loads for offshore
machines.  Both speakers then adeptly
fielded a wide range of questions in the
remaining time, before the meeting
finally adjourned to the ICE bar.

Figure 3 Measured and Predicted Cyclic Response of Shallow Foundation
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Nigel Priestley is one of that small but
influential band of New Zealand
earthquake engineers who studied with
Bob Park and Tom Paulay at
Canterbury University, and then went
on to make a mark on international
seismic design practice quite out of
proportion to the small size of their
country.  Indeed, it is noteworthy that
of the five overseas based Mallet-Milne
lecturers, two have come from the
mighty USA (population 260 million),
one from Mexico (population 95 million)
– and two from New Zealand
(population 4 million, although this
doesn’t include the sheep).  Previously,
Nigel was mainly based at the
University of San Diego, California,
where he is now an Emeritus Professor,
but he now also increasingly spends his
time at Canterbury, New Zealand and
in Italy, where he is co-director of the
Rose School, Pavia.

The lecture revisited some themes first
set out in one given ten years ago in
New Zealand.  That previous lecture
was entitled: ‘Myths and fallacies in
earthquake engineering: conflicts
between design and reality’.  Nigel’s
thesis in his presentation to SECED
was that those conflicts still exist;
indeed, he believes that there are deep
flaws in many of the fundamental bases
by which we assess seismic actions in
structures and provide the necessary
strength and ductility to satisfactory
seismic performance.  If we are to take
on board the implications of Nigel’s
lecture, some significant (and perhaps
painful) changes will be necessary in
the way we do things, although in many
ways the procedures he presented are
simplifications of current methods.

Perhaps least painful may be changing
our approach to multi-modal ductility
modified response spectrum analysis.
Yes, we are all more than slightly in love
with it, but in our hearts we have always
known that it is based on suspect and
shaky foundations.  Nigel demonstrated
forcefully that there is no validity to the
3-D multi-modal approach, and that it
should be consigned to the slag heap.
For inelastically responding structures,
it does not even give useful information
on higher mode and torsional effects –

often cited as a reason for carrying out
such analyses.

Another theme was the need to relate
the stiffness of concrete members not
primarily to section geometry but to
strength; in other words, we need to
establish the reinforcement content
before we can assess stiffness.  This
will involve a greater change in mindset.
Priestley’s equation “normalised yield
curvature equals Priestley’s number P”
is easy to remember, particularly since
P is (it seems) more or less always
equal to two.  Can it really be that
simple? Yet having to set member
strengths before carrying out our
analyses is going to be hard, if we stick
to the old, force-based ways of doing
things.  However, since in displacement
based design methods it is the initial
yield curvature that is needed (not the
strength), the constant normalized yield
curvature actually makes life simpler.

Harder still to take on board will be the
idea that the full, buxom hysteretic
loops – which I think Nigel’s mentor
Tom Paulay taught us to love so much–
may actually be less desirable than the
curvaceous but anorexic non-linear
elastic ones that he showed in his
presentation (and of course since it was
Nigel, also showed how to achieve in
practice).

And then there is the fundamental way
in which we carry out displacement

based designs. The lecture presented
in detail the ‘direct displacement based
design’ methodology that he has
developed, which addresses the
deficiencies in forced based methods
of design outlined earlier in the lecture,
and (just as important) represents a
simple and direct methodology which
is easy to implement in design codes.
Nigel at the dinner in his honour before
his Mallet-Milne lecture said that the
Americans in recent guidance on
performance based design had got this
topic all wrong, but he was perhaps too
polite to mention what we Europeans
have done in Eurocode 8. Will we have
the courage to change on this side of
the Atlantic, I wonder?

In a dazzling display at the end of his
lecture, Nigel showed us some of the
surprising and disturbing
consequences of sticking to the old
ways of doing things. Changing those
ways may be painful, but Nigel will have
convinced many of the capacity
audience (and even maybe some of
those who were turned away because
the Telford Lecture Theatre was full)
that changes there will have to be.

The lecture has been published by the
IUSS Press at the Rose School, Pavia,
Italy  (www.roseschool.it/files/
IUSSpress.htm) at a cost of Euro.28
(plus Euro.5.70 postage in Europe).

Reported by Edmund Booth

Myths and fallacies in earthquake engineering, revisited by Professor Nigel Priestley
The Ninth Mallet-Milne Lecture - May 2003

Nigel Priestley (left) and Peter Merriman (right)
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ICE Coopers Hill War Memorial Prize
Awarded to Second Severn Crossing Dynamics Paper

The ICE Coopers Hill War Memorial
Prize has been awarded to John
Macdonald (Bristol University),
Peter Irwin (RWDI) and Malcolm
Fletcher (Halcrow) for their paper
entitled “Vortex-induced vibrations of
the Second Severn Crossing cable-
stayed bridge - full-scale and wind
tunnel measurements”. The paper
was published in the Structures and
Buildings Journal - May 2002.

The Prize was founded in memory
of members of the Royal Indian
Engineering College, Coopers Hill,
who fell in the First World War. It is
one of a number of prizes awarded
for papers in the ICE
proceedings.The abstract of the
paper follows.

Abstract
In the first winter after opening, the
Second Severn Crossing cable-
stayed bridge exhibited occasional
vortex-induced vertical oscillations.

Vortex excitation had been detected
by the wind tunnel tests on sectional

models during design and an
aerodynamic solution partly
developed but, based on damping
and turbulence assumptions from
recognised design codes, it had
been concluded that the probability
of large vibrations occurring was
small. Full-scale monitoring of both
wind and structural response
enabled the causes of the observed
oscillations to be investigated. The
structural damping and wind
turbulence were found to differ
significantly from the assumed
values.

Additional wind tunnel tests were
undertaken using the full-scale
measured values with a view to
replicating the full-scale behaviour
and developing a solution. Taking
into consideration the revised
damping and turbulence and an
often-ignored factor to correct for the
full-scale mode shape, good
agreement between the model and
full-scale measurements was
obtained. Also, aerodynamic
solutions were further explored, as

a result of which baffle plates were
installed under the bridge. Since
their installation, no further signs of
vortex-induced oscillations have
been observed.

In Brief
• The large amplitude vibrations
occurred in the first vertical bending
mode, with a natural frequency of
0.326Hz.
• The structural damping of this
mode was found to be only 0.29%
from the full-scale measurements,
after allowing for the contribution of
aerodynamic damping (c.f. structural
damping values of 0.7% used in
design and 0.48% in the latest
version of BD49/01).
• The maximum measured RMS
amplitude was 191mm at midspan
(i.e. 540mm peak-peak).
• The mode shape correction factor,
giving the increase in the maximum
full-scale response (at midspan)
relative to the uniform displacement
of the sectional model, was found to
be 1.4.
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Earthquake Competition 2003 SECED &
Imperial College.

Short Course.
Advanced Notice

Practical Seismic Design:

Principles and Application to

Eurocode 8

16-17 September 2004 at

Imperial College London

SECED will be organising a short
course jointly with Imperial College
on 16 and 17 September 2004. The
first day will be on principles of
seismic design and the second
focusing on Eurocode 8 guidance.
The course will link with the
Eurocodes Expert initiative,
established by the Institution of Civil
Engineers to assist the UK
construction industry with its
adoption of the new Structural
Eurocodes. The programme and
details will be published in February
2004. For further information
contact Dr Ahmed Elghazouli at
Imperial College (e-mail:
a.elghazouli@imperial.ac.uk).

The joint Earthquake Competition
winners for 2003 were Harry Wahab
& Riccardo Sabatino - they predicted
that the next event over 2.5 ML (from
when the competition started at the
2003 SECED meeting) would occur
in Square Number 6 or 8 – and it

occurred on the line between these
two squares (700 KmN). Both Harry
& Riccardo work for Kellog, Brown
& Root. The event they predicted
was the Aberfoyle Earthquake which
occurred at 06:44 UTC on 20 June,
2003 with a magnitude of 3.2ML.

MCEER Appoint New Deputy Director

Andre Filiatrault, Ph.D, a leading expert on shake-table testing of structural and nonstructural building components,
including electrical substation equipment, has been named deputy director of the Multidisciplinary Center  for Earthquake
Engineering Research (MCEER) headquartered at the University at Buffalo. Filiatrault, formerly a professor of structural
engineering at the University of California-San Diego, will be responsible for coordinating MCEER's nationwide research
program in advanced technology applications.

"Dr. Filiatrault’s extensive experience with shake-table testing will be especially valuable to research initiatives of
MCEER and the UB School of Engineering and Applied Sciences upon completion of UB's state-of-the-art Structural
Engineering and Earthquake Simulation Laboratory" said Michel Bruneau, MCEER director. The $20 million expansion
of thelaboratory will be completed in 2004.  The facility will be equipped with twin shake tables capable of real-time
seismic testing of structures up to 120 feet in length.
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SECED Newsletter
The SECED Newsletter is published
quarterly.  Contributions are welcome and
manuscripts should be sent on a PC
compatible disk or directly by Email.  Copy
typed on one side of the paper only is also
acceptable.

Diagrams should be sharply defined and
prepared in a form suitable for direct
reproduction.  Photographs should be
high quality (black and white prints are
preferred).  Diagrams and photographs
are only returned to the authors on
request.  Diagrams and pictures may also
be sent by Email (GIF format is preferred).

Articles should be sent to:

John Sawyer,
Editor SECED Newsletter,
Scott Wilson,
Scott House,
Basingstoke,
Hants,
RG21 4JG,
UK.

Email: john.sawyer@scottwilson.com

SECED
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:
The Secretary,
SECED,
Institution of Civil Engineers,
Great George Street,
London SW1P 3AA, UK.

SECED Website
Visit the SECED website which can be
found at http://www.seced.org.uk  for
additional information and links to items
that will be of interest to SECED
members.
Email: webmaster@seced.org.uk

Forthcoming Events

NOTICE: From February 2004
SECED evening meetings will start at
6pm rather than 5.30pm.

28 January 2004
Seabed Liquefaction and Slope Stability
ICE 5.30pm

25 February 2004
Rail Induced Vibration
ICE 6.00pm

31 March 2004
Seismic Hazards

28 April2004
This Year’s Earthquake and AGM

Website Developer
Required

NOTABLE EARTHQUAKES AUGUST - OCTOBER 2003
Reported by British Geological Survey

YEAR DAY MON TIME LAT LON DEP MAG LOCATION
UTC KM

2003 4 AUG 04:37 60.53N  43.41W 10 7.5 SCOTIA SEA

2003 14 AUG 05:14 39.16N  20.61E 10 6.3 GREECE
At least 50 people were injured.

2003 16 AUG 10:58 43.77N 119.64E 24 5.4 EASTERN NEI MONGOL,CHINA
At least 4 people were killed, more than 1,000 people were injured and 83,000 houses were
damaged.

2003 19 AUG 19:46 53.48N   1.01W 13 3.1 DONCASTER,S YORKSHIRE
Felt throughout Retford with intensities of 3 EMS.

2003 21 AUG 12:12 45.10S 167.14E 28 7.2 S.ISLAND OF NEW ZEALAND
Minor damage occurred.

2003 23 AUG 03:35 56.17N   4.44W 3 1.5 ABERFOYLE,CENTRAL
Felt throughout Aberfoyle with intensities of 3 EMS.

2003 3 SEP 21:29 56.26N   3.73W 7 2.2 BLACKFORD,TAYSIDE
Felt throughout Blackford with intensities of 3 EMS.

2003 15 SEP 08:00 56.18N   4,45W 5 2.2 ABERFOYLE ,CENTRAL
Felt throughout Aberfoyle with intensities of 3 EMS.

2003 22 SEP 04:45 19.78N  70.67W 10 6.5 DOMINICAN REBUBLIC REGION
One person was killed at Puerto Plata and many buildings were damaged.

2003 25 SEP 19:50 41.79N 143.900E 27 8.3 HOKKAIDO,JAPAN REGION
At least 589 people were injured and extensive damage occurred throughout south-eastern
Hokkaido.

2003 25 SEP 21:08 41.79N 143.57E 33 7.4 HOKKAIDO,JAPAN REGION

2003 27 SEP 11:33 50.02N  87.82E 16 7.3 SOUTHWESTERN IBERIA,RUSSIA
Unconfirmed reports that 3 people died from heart attacks, 5 people were injured and 1,800 people were
left homeless.

2003 16 OCT 12:28 25.91N 101.28E 33 5.6 YUNNAN,CHINA
At least 3 people were killed, more than 32 people were injured and 12,000 buildings were damaged or
destroyed.

2003 25 OCT 12:41 38.38N 100.96E 10 5.8 GANSU-QINGHAI BORDER REGION
At least 9 people were killed, more than 43 people were injured and thousands of people were left
homeless.

2003 31 OCT 01:06 37.83N 142.63E 10 7 OFF E COAST OF HONSHU,JAPAN

Issued by: Bennett Simpson, British Geological Survey, November 2003.
Non-British earthquake data supplied by: The United States Geological Survey

Applications are invited from post-
graduate students or professional
individuals with appropriate
experience to prepare a web-based
directory of UK academic
researchers in earthquake
engineering. A lump sum fee will
be paid to the successful applicant
on completion of the project. For
further information, contact the
SECED coordinator at ICE (e-mail:
Eunice.Waddell@ice.org.uk)
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