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A Summary of Earthquakes in 1999
David Galloway and Alice Walker present a summary of seismic activity during 1999
Overseas
This year was not exceptional in
terms of the number of worldwide
earthquakes (Figure 1). There were
no 'great' earthquakes (magnitude
over 8.0), 12 'major' earthquakes
(magnitudes between 7.0 and 7.9)
and
71
'strong'
earthquakes
(magnitudes between 6.0 and 6.9).
These numbers are less than the

long-term
averages
for
these
magnitude ranges, which are 1, 18
and 120, respectively. However, the
year was significant in terms of the
number
of
people
killed
by
earthquakes, which was 21,998
(Table 1).
This is approximately
three times greater than the longterm average of 8,700 and the

highest annual death toll since 1990.
The largest and most disastrous
earthquake during the year, with a
magnitude of 7.4 Ms, occurred on 17
August in NW Turkey. It killed some
17,100 people (some 78% of the
fatalities from earthquakes in 1999),
injured over 44,000 and some
350,000 buildings were either

Table 1 Earthquakes causing deaths in 1999
DATE
25 January
11 February
21 February
04 March
28 March
03 April
22 April
06 May
15 June
11 July
22 July
10 August
17 August
31 August
07 September
13 September
20 September
30 September
22 October
11 November
12 November
26 November
03 December
11 December
21 December
22 December

LATITUDE

LONGITUDE

MAGNITUDE

4.46 N
34.26 N
43.21 N
28.34 N
30.51 N
16.66 S
27.95 S
29.50 N
18.39 N
15.78 N
21.54 N
36.25 N
40.75 N
40.71 N
38.12 N
40.71 N
23.77 N
16.06 N
23.45 N
40.74 N
40.76 N
16.42 S
40.36 N
15.78 N
6.82 S
35.23 N

75.72 W
69.36 E
46.83 E
57.19 E
79.40 E
72.66 W
26.64 E
51.88 E
97.44 W
88.33 W
91.90 E
54.65 E
29.86 E
29.95 E
23.61 E
30.05 E
120.98 E
96.93 W
120.51 E
30.27 E
31.16 E
168.21 E
42.35 E
119.77 E
105.65 E
1.28 W

5.9 Mb
5.8 Ms
5.1 Mb
6.5 Ms
6.6 Ms
6.2 Ms
5.7 Mb
6.3 Ms
6.5 Ms
6.6 Ms
5.2 Mb
4.5 Mb
7.8 Ms
5.2 Mb
5.8 Ms
5.8 Ms
7.7 Ms
7.5 Ms
5.7 Mb
5.5 Ms
7.5 Ms
7.3 Ms
5.5 Ms
7.1 Ms
6.1 Mb
5.5 Ms
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LOCATION
Colombia
Afghanistan
Eastern Caucasus
Southern Iran
Northern India
Peru
South Africa
Southern Iran
Central Mexico
Guatemala
Bay of Bengal
Northern Iran
Turkey
Turkey
Greece
Turkey
Taiwan
Oaxaca, Mexico
Taiwan
Turkey
Turkey
Vanuatu Islands
Turkey
Philippine Islands
Sunda Strait
Northern Algeria

DEATHS
1,186
70
1
1
100
1
2
26
20
2
6
1
17,100
1
143
7
2,400
33
1
2
845
10
1
6
5
28
21,998

Figure 1 Notable world earthquakes of 1999

damaged or destroyed.
The
epicentre of the earthquake was 11
km SE of the industrial city of Izmit,
which has a population of over one
million. Most of the damage and
fatalities occurred in Izmit and
Gölcük. The earthquake occurred on
the northern part of the North
Anatolian Fault system at a depth of
about 17 km. The mechanism was
right-lateral strike-slip and the
movement produced 60 km of
surface rupture and offsets up to 2.7
metres.
A second fatal and
damaging
earthquake,
with
a
magnitude of 7.5 Ms, occurred
approximately 100 km east of the 17
August event, in November, near the
city of Düzce. It killed over 840
people, injured almost 5,000 more
and caused extensive damage in the
Ankara-Istanbul-Kaynasli
area.
Several other significant events
occurred in the northern Turkey area
during the year causing the deaths of
a further 11 people, injury to
hundreds more and additional
damage to Izmit and Dolce.
On 20 September, an earthquake with
a magnitude of 7.5 Ms, occurred near

the town of Chi-Chi in Nantou County,
central Taiwan, approximately 150 km
south of Taipei. It killed at least 2,400
people, injured some 10,000 more and
caused damage to over 82,000
housing units leaving around 300,000
people homeless. The most affected
areas were Nantou and Taichung
counties. Two more earthquakes in
the area on 25 September (magnitude
6.4 Ms) and 22 October (magnitude
5.6 Ms), caused further damage and
additional casualties. The cost of the
damage for the earthquakes in Taiwan
is estimated at US$14 billion. Five
earthquakes of similar destructive
potential as this one have occurred
on the west coast of Taiwan in the
past 150 years; a magnitude 6.5
event in 1848 killing 1000, a
magnitude 6.5 event in 1862 killing
1000, a magnitude 7.0 event in 1906
killing 1276 and a magnitude 7.1
event in 1935 killing over 3200, with
a magnitude 6.5 aftershock which
killed a further 2746.
The year started off with a
destructive earthquake, on January
25, in the mountainous region
bordering the five provinces of
Quindio, Risaralda, Tomila, Valle del
Cauca and Caldas in Colombia. It
had a magnitude of 5.9 Mb and killed
1,186
people,
injured
8,563,
destroyed or damaged approximately
80,000 homes and left over 90,000
families homeless. Among the 28
towns
affected,
Armenia,
the
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provincial capital of Quindio, was the
worst hit, where 907 people were
killed and approximately 70% of
buildings were destroyed including
hospitals and police and fire stations.
In Afghanistan, on 11 February, 70
people were killed during a
magnitude 5.8 Ms earthquake in the
region.
Over 500 people were
injured and about 150,000 were left
homeless in the Wardak and Logar
Provinces after the destruction or
severe damage to over 18,000
homes. A smaller event minutes
before served as a warning, and
possibly contributed to the relatively
low death toll since people had
already fled outside. There were
over 40 severe aftershocks reported,
which drove earthquake victims to
seek safety by sleeping outdoors,
despite wet weather and freezing
temperatures of up to minus 8°C.
On 21 February, in the Eastern
Caucasus republic of Azerbaijan, an
earthquake with a magnitude of 5.1
Mb killed one person, caused injury
to 20 others and badly damaged
several homes and buildings in the
Kizilyurt area, of Russia. On 4 June,
in the same general area, a
magnitude
5.4 Mb
earthquake
caused injury to 15 people and
damaged 150 houses in Agdash.
In SE Iran, on 4 March, an
earthquake with a magnitude of 6.5
Ms, killed 1 person, when her house

collapsed, and severely damaged
520 homes in the Kerman and
Hormuzgan
Provinces.
The
earthquake was felt strongly in the
three
Provinces
of
Kerman,
Hormozgan and Fars, Iran, and was
also felt in Dubai, United Arab
Emirates, approximately 550 km SW
of the epicentre.
On 28 March, in the Uttar Pradesh
region of northern India, an
earthquake with a magnitude of 6.6
Ms caused extensive damage in the
districts of Chamoli, Rudraprayag,
Bageshwar, Tehri Garhwal and Pauri
Garwhal. The earthquake killed over
100 people, injured 390 and left over
21,100 houses destroyed.
Many
roads were blocked by landslides in
the epicentral area including a 16 km
stretch of road leading to Chamoli.
In Peru, on 3 April, one person was
killed in the Camana area, another
50 were injured and over 300 houses
were damaged in the Arequipa area,
during a magnitude 6.2 Ms
earthquake.
Landslides were
reported from the epicentral area
where the Pan American highway
was blocked in four different
locations in southern Peru.
On 22 April, an earthquake, with a
magnitude of 5.7 Mb, killed 2 people
in a gold mine and damaged some
buildings in the Welkom area in the
Republic of South Africa.
In the SW Fars Province of southern
Iran on 6 May, an earthquake, with a
magnitude of 6.3 Ms, killed 26
people, injured more than 100 and
destroyed over 800 homes. Three
aftershocks, with magnitudes of 5.3,
4.5 and 4.4 Mb, within 30 minutes of
the mainshock, contributed to the
overall damage. Roads and power
plants were destroyed and electricity,
telephone and water services were
widely disrupted in the epicentral
area.
The epicentres of these
earthquakes are approximately 550
km NW of the magnitude 6.5 Ms SE
Iran earthquake on 4 March earlier in
the year.
Two fatal and damaging earthquakes
occurred in Mexico during 1999. The
first, on 15 June, with a magnitude of
6.5 Ms, killed 20 people, injured 200
others and destroyed or damaged
thousands of buildings and several
bridges in central Mexico. The state
of Puebla was worst affected where
several historic buildings were
damaged.
The epicentre of the

earthquake is approximately 200 km
SE of Mexico City. The second, on
30 September, with a magnitude of
7.5 Ms, killed 33 people and injured
160 others. It caused damage to
more than 5,000 homes and 150
historical buildings in the state of
Oaxaca, most of them churches and
monasteries, and also damaged
some 1,300 schools.
In Guatemala, one person was killed,
another died from a heart attack, 40
people were injured and several
houses, bridges and highways were
damaged in the Izabel-Puerto Barrios
area as a result of an earthquake on
11 July. The earthquake, with a
magnitude of 6.6 Ms, was located on
the Caribbean coast of Honduras
and Guatemala about 275 km NE of
Guatemala City.
It was felt
throughout most of Guatemala,
Honduras, Belize, El Salvador and in
parts of Mexico.
On 22 July, an earthquake with a
magnitude of 5.2 Mb, occurred in the
Bay of Bengal. It killed 6 people,
injured over 200 and caused damage
to over 700 homes on Maheshkhali
Island
and
Cox’s
Bazaar,
Bangladesh.
In northern Iran, on 10 August, an
earthquake, with a relatively small
magnitude of 4.5 Mb, killed one
person,
injured
another
and
damaged
several
houses
at
Momenabad, Iran.
In Athens, Greece, on 7 September,
a magnitude 5.8 Ms earthquake
killed 143 people, injured thousands
more and completely or partially
damaged over 74,000 homes
affecting over 200,000 people. The
areas that suffered most destruction
were the relatively poorer suburbs of
Athens, some of which include
Menidi,
Ano
Liosia,
Thracomacedones,
Philadelfia,
Metamorphosi, Ilion and Galatsi. It
was felt throughout most of central
Greece, as far away as Corinth, 100
km to the south, and was also felt in
parts of Turkey. Damage, as a result
of this earthquake, has been
estimated at US$655 million.
On 26 November, an earthquake,
with a magnitude of 7.3 Ms, offshore
the Vanuatu Islands, resulted in the
deaths of 10 people. Five were killed
at Ena Village in the north of
Pentecost Island and another five
were drowned at Baie Marteli, on the
southern tip of Pentecost Island, by
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the locally generated tsunami which
occurred 15 minutes after the
earthquake. Hundreds more were
injured and thousands more were
made homeless mainly as a result of
the tsunami. Extensive damage to
houses,
communal
buildings,
churches, schools, roads and
concrete water tankers was reported
from the mainly affected Islands of
Pentecost, Ambrym and Paama.
On 11 December, an earthquake,
with a magnitude of 7.1 Ms, killed 6
people and injured 40 others near
Luzon in the Philippine Islands. Most
of the casualties were caused by
falling debris from damaged walls
and roofs in their homes.
In the Sunda Strait area, on 21
December, 5 people were killed, 220
were injured and hundreds more
were made homeless as 2,800
buildings and houses were damaged
in western Java during a magnitude
6.1 Mb earthquake.
On 22 December, in northern Algeria,
an earthquake with a magnitude of
5.5 Ms, caused extensive damage
and disrupted power, telephone and
water services throughout the Ain
Temouchant area.
At least 28
people were killed, 200 were injured
and over 3,000 buildings were
destroyed, affecting almost 5,000
families
(approximately
25,000
people). This earthquake was felt
throughout northern Algeria and as
far away as Oujda, Morocco.

UK Earthquakes
The British Geological Survey
detected and located some 147
earthquakes in the British Isles and
surrounding continental shelf areas
during 1999 (Figure 2) with 27 of
them having magnitudes 2.0 ML or
greater. Of these, 12 are known to
have been felt, together with a further
21 smaller ones, bringing the total to
33 felt earthquakes in 1999.
The largest onshore earthquake, with
a magnitude of 4.0 ML, occurred 4
km south of Arran on 4 March. A
small aftershock 14 minutes later
was also recorded, with a magnitude
of 1.6 ML. The mainshock was felt
up to 150 km away and over an area
of 18,500 km2. The highest observed
intensity was 5 EMS at Lamlash,
Arran, where in a number of cases,
objects such as ornaments, pictures

using both the BGS and Norwegian
networks.
Near
Boston,
Lincolnshire,
an
earthquake, with a magnitude of 2.8
ML occurred on 21 January.
Earthquakes of this size are usually
felt when they occur onshore but
enquiries to local police stations, post
offices and coastguards, revealed that
no felt reports were received. The
time of day (11:10 UTC) and the depth
of the earthquake (16.9 km) probably
contributed to the lack of felt effects at
the surface.
On 15 April an earthquake, with a
magnitude of 2.9 ML, occurred near
Mallaig, Highland.
It was felt in
Arnisdale, Loch Hourn and Glen
Garry, with intensities of at least 3
EMS in the epicentral area. Felt
reports described “a dull progressive
rumbling” and “felt a shaking”. This
is the largest event to have affected
the area since the 30 January 1986
earthquake (magnitude 3.0 ML)
which was also felt with intensities of
at least 3 EMS.
Figure 2 Epicentres of all UK earthquakes located in 1999
(from the BGS Bulletin of British Earthquakes for 1999)
or toys fell or were displaced, and in
a few cases heavy objects were also
said to have been displaced,
including two washing machines, a
cooker, a microwave and a sofa.
Although the area has been
seismically
active
with
small
magnitude
earthquakes,
this
magnitude 4.0 ML event is the
largest in both the instrumental and
historical catalogues. The nearest 3component strong motion instrument
to record the earthquake was 135 km
distant and accelerations of 1.4, 4.0
and 3.6 mms-2, were recorded for the
vertical, NS and EW components,
respectively.
A focal mechanism
produced for the Arran earthquake

represents dominantly strike-slip
faulting with a varying component of
dip-slip motion. The nodal planes
strike NW and NE and the P-axes
are consistent with the regional
stress direction for the UK.
The largest offshore earthquake
occurred on the Norwegian coast on
29 May. It had a magnitude of 4.1
ML and was located approximately
360 km NW of the Shetland Islands.
It was felt on the Norwegian coast over
an area of approximately 300 km2. A
further 5 events occurred in the North
Sea and surrounding waters during
the year, with magnitudes between
1.3 and 3.0 ML, and were located
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Near
Aviemore,
Highland,
an
earthquake, with a magnitude of 2.2
ML, occurred on 29 May.
Felt
reports were received from residents
of Boat of Garten, where intensities
reached at least 3 EMS in the
epicentral area.
Felt reports
described “the house shook” and
“heard a loud bang”. This event
locates in the same area as the
magnitude
2.7
ML
Aviemore
earthquake which occurred in 1995
and was felt throughout the region
with maximum intensities of 4 EMS.
An earthquake occurred near
Hereford on 17 June, with a
magnitude of 2.8 ML. Felt reports
were received from residents of
Cradley
and
Welland,
where
intensities reached at least 3 EMS in

the epicentral area. A single report
was received from a resident in
Cradley (who was awake at the
time), some 18 km NE of the
epicentre, who described “the whole
cottage shook like a heavy lorry
passing outside” and “the dressing
table rattled”.
This event was
recorded on the strong motion
instrument near Hereford, some 33
km away, where accelerations of 8,
20 and 12 mms-2 for the vertical, NS
and EW components, respectively,
were measured. A focal mechanism
for the event was calculated using
data from stations up to 169 km
away and shows dominant normal
faulting with a component of strikeslip motion. The area has been
seismically active in the past with
earthquakes of magnitude 5.2 and
5.3 occurring in 1863 and 1896,
respectively. These events were felt
over most of England and Wales and
caused damage in the epicentral
area.
An earthquake, with a magnitude of
1.8 ML, occurred 6 km west of
Jersey, Channel Islands on 13 July.
Thirty five felt reports were received
via colleagues at Jersey Airport, who
had been contacted by residents
throughout the west side of Jersey.
Felt reports described “heard a loud
noise”, “the walls and roof rattled”,
“the house shook” and “the window
and cooker shook”.
The event
locates approximately 5 km NW of
the felt earthquake on 22 June 1997,
which had a magnitude of 2.2 ML.
Near Loch Earn, an earthquake, with
a magnitude of 2.0 ML, occurred on
19 July. Felt reports were received
from residents of the village of St
Fillans, where intensities reached at
least 3 EMS. Felt reports described
“the building shook violently” and “felt
like a car crashing into the side of the
house”. This is the first earthquake
to be reported felt in the area and is
the largest to be located since the 26
November 1975 Glen Almond
earthquake which had a magnitude
of 2.4 ML.
A magnitude 3.1 ML earthquake
occurred near Caernarvon, Gwynedd
on 1 September. It was felt as far
away as Barmouth, 60 km to the
south and in Rhyl, 55 km to the east.
Felt reports described “the whole
house vibrated” and “heard loud
rumblings and vibrations”.
This
earthquake was followed by a
magnitude 1.2 ML aftershock, which

was reported felt in the Llangefni
area. A macroseismic survey was
conducted for the main event and
over 100 replies were received,
giving a maximum intensity of 4
EMS. The event locates some 7 km
NE
of
the
Caernarvon
Bay
earthquake which occurred on 29
July 1992, and was felt over 10,000
2
km and had a magnitude of 3.5 ML.
Two
felt
earthquakes
with
magnitudes of 2.1 and 1.3 ML,
occurred in the Johnstonebridge area
of Dumfries and Galloway, with
intensities of 3 and 2 EMS,
respectively, on 3 September. Felt
reports described “like an explosion”
and “heard a loud rumble”. The area
around Johnstonebridge has been
seismically active for a number of
years with most of the swarm activity
occurring to the west of these events.
On 29 September, an earthquake with
a magnitude of 3.0 ML, was located
370 km WSW of the Faroe Islands, in
the North Atlantic. It was located using
data from the recently installed stations
in the Faroe Islands, two Icelandic
stations and the UK network.
An earthquake with a magnitude of
3.6 ML, occurred near Sennybridge,
Powys on 25 October. Felt reports
described “everybody came running
out into the street”, “the whole house
shook” and “felt like an explosion”. A
macroseismic survey was conducted
and around 200 replies were
received, giving a maximum intensity
of 5 EMS. The focal mechanism for
the
Sennybridge
earthquake
represents dominant normal faulting
with a varying component of strikeslip motion. The trend of the P-axis
is consistent with that of the NW
trending regional direction; however,
the plunge of the P-axis varies from
vertical to horizontal with increasing
degrees of the strike-slip component
of movement. Two weeks after the
event, a small aftershock, with a
magnitude of 1.9 ML was located in
the same area. In the past thirty
years, the area has experienced a
number of small earthquakes (up to
2.6 ML) but historically, it has been
affected by large earthquakes with
magnitudes over 5.0 ML.
They
occurred near Swansea some 40 km
to the SW in 1727, 1775 and 1906
and caused damage in the epicentral
area and were felt up to 200 km
away.
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On 22 November, an earthquake
with a magnitude of 2.7 ML, occurred
on Jura, Strathclyde. Felt reports
described “sounded like a long
rumble” and “the house shook”. This
earthquake locates approximately 20
km SE of the magnitude 3.5 ML Jura
earthquake on 3 May 1998, which
was felt with intensities of 4 EMS in
the epicentral area. Two further Jura
events occurred on 3 December in
the same area, with magnitudes of
2.2 and 1.8 ML; no felt reports were
received for either of these events.
Offshore Jura, two events with
magnitudes of 1.7 and 1.5 ML
occurred on 4 and 15 September,
respectively. No felt reports were
received.
Near
Altrincham,
Greater
Manchester, an earthquake, with a
magnitude of 2.8 ML occurred on 14
December. Earthquakes of this size
are usually felt when they occur
onshore but enquiries to Manchester
Police, revealed that no felt reports
were received. The time of day
(09:43 UTC) and the location, which
is close to a motorway and
Manchester
Airport,
probably
contributed to the lack of felt effects
at the surface.
Three earthquakes were detected in
the Blackford area of Tayside during
1999, with magnitudes of 0.7, 0.8
and 0.7 ML. This is an area that has
continued to be active in recent
years; 49 events occurred in 1997, of
which five were felt by local residents
and 10 events occurred in 1998, of
which 2 were felt by local residents.
In the same general area, in 1979,
the magnitude 3.2 ML Ochil Hills
earthquake was felt with a maximum
intensity of 5 EMS.
Nine events, with magnitudes
ranging between 0.6 and 1.9 ML,
occurred near Dumfries, Dumfries
and Galloway.
Seven of these
events were felt by local residents in
the Newfield, Troston, Kirkton and
Tinwald areas of Dumfries and
Galloway.
In North Wales, three events with
magnitudes of 1.2, 0.1 and –0.2 ML,
were located on the Lleyn Peninsula,
in the same area and at similar
depths (20 km) as the magnitude 5.4
ML Lleyn earthquake of 19 July
1984, which was felt throughout
England and Wales and into
Scotland and Ireland.

The coalfield areas of central
Scotland, Yorkshire, Staffordshire,
West Midlands, Mid Glamorgan and
Nottinghamshire
continued
to
experience
shallow
earthquake
activity which is believed to be
mining induced. Some 25 coalfield
events, with magnitudes ranging
between 0.5 and 2.2 ML, were
detected during the year. Seven of
these were reported felt by local
residents.
Two shallow events occurred near
Newcastle-under-Lyme,
Staffordshire, with magnitudes of 2.4
and 2.6 ML, both of these events
were felt by local residents in the
Keele and Newcastle-under-Lyme
areas
of
Staffordshire,
with
intensities of at least 3 EMS.

Five events, with magnitudes ranging
between 0.5 and 1.4 ML, were
located near Clackmannan in the
central region of Scotland. Three of
these events were felt by local
residents in the Forest Mill area.
This is an area which has
experienced many such mining
induced events in the past.

The
‘Bulletin
of
British
Earthquakes 1999’ edited by A B
Walker will be published in March
2000.
Copies of this and
previous years’ bulletins can be
obtained
from
the
Global
Seismology and Geomagnetism
Group secretaries and from BGS
bookshops. For further details
contact: A B Walker, Global
Seismology and Geomagnetism
Group, British Geological Survey,
Murchison House, West Mains
Road, Edinburgh, EH9 3LA,
Scotland, UK.

The seismograph network detected
two events near Donegal, Ireland
with magnitudes of 1.7 and 1.3 ML.
BGS received felt reports for both
events via colleagues in Ireland and
locations were achieved using both
the BGS and DIAS (Ireland)
seismograph networks.

Geomagnetism Group of the British Geological
Survey.

David D Galloway and Alice B Walker are
both members of the Global Seismology and

A brief report on the 7 September 1999 earthquake in Athens, Greece
By Antonios Pomonis, Risk Management Solutions, Email: antoniospom@ath.forthnet.gr
1

Introduction

On September 7, 1999, just 20 days
after the devastating earthquake in
Turkey, an earthquake of magnitude
5.9 struck just 20 kilometres from the
centre of Athens, Greece.
The
earthquake occurred a few minutes
before 3 p.m. local time, when many
people where at work or commuting.
The epicentre of the earthquake has
been located in the north-western
fringes of the Athens conurbation,
underneath mount Parnitha.
The
energy released in this moderate
magnitude earthquake was around
0.5% of that released in Turkey, but
has caused extensive damage in the
western suburbs of Athens. Thirty
years ago much of this area was just
a few farming villages, but at present
it is home to nearly 1 million people
and is also known as a zone of
industrial risk concentration. This
earthquake has become Greece’s
costliest natural disaster and has
caused the biggest insured loss.
After a week of search and rescue
operations under the rubble of 28
collapsed
reinforced
concrete
buildings, 143 people were confirmed
killed and 86 pulled out alive. Half of
the deaths were related to the
collapse of 11 multi-occupancy
buildings: 3 factories and 8 mid-rise
apartment buildings.
Athens lies in zone II of the Greek
Earthquake Code and until recently it
was believed to be an area of lower

the north and west of the Attica plain.
Contrary to common belief the
earthquake record of Athens is
discontinuous because the glorious
city of Classical Greece declined and
became uninhabited for about 10
centuries (in the 5-15th centuries).
The decline of Classical Athens was

seismic risk (see Figure 1). However
the constant expansion of Athens
from a small village of 10,000 around
the foots of the Acropolis in the
1830’s, to the 4 million of today (incl.
Piraeus
and
surrounding
municipalities) brings the city ever
closer to the seismogenic regions to
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Figure 1: Map of seismic risk zonation of Greece showing the location of the
damaging earthquakes since 1978. Zone IV has the highest seismicity and
design load requirements.
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very rapid and started after the
closing of the philosophy schools,
ordered by the Byzantine emperor
Justinian. Strongly felt earthquakes
in what is now the Greater Athens
area are known to have occurred in
1705, 1785, 1805, 1874, 1885, 1894,
1938 and 1981. The most serious of
these is believed to be the 3
September 1705 earthquake with
estimated
magnitude
of
6.5
(Papazachos
and
Papazachou,
1989).
The epicentre of this
earthquake is unknown, though
believed to be around 20-40 km to
the west or north of today’s city
centre. None of the other events
listed has caused intensity greater
than VII in sufficiently large areas of
the Attica plain.
Therefore it is
possible that the 1999 earthquake
was in parts the strongest for up to
295 years.
The last serious
earthquake to affect Athens was on
24 February 1981.
This was a
magnitude 6.6 earthquake, 65 km to
the west of Athens, in the Gulf of
Corinth. It caused intensity VI in
most of Athens but in some locations
the intensity was up to one degree
higher.
A few buildings suffered
severe structural damage, but no life
loss occurred in the city at the time
(although 20 people lost their lives in
the epicentral region).
The 7
September
1999
earthquake
although shorter in duration was felt
much more strongly throughout
Athens, due to its proximity to the
city.
This is the second time in the last
few years, when strong earthquakes
have occurred in the lower hazard
zones (in 1995 an earthquake of
magnitude 6.6 occurred in Northern
Greece, in zone I of the code: see
Figure 1). This has put into question
the quality of seismic hazard
assessment in Greece, that until
recently was only based using
earthquake catalogues of the last 8090 years.
2

Photo 1: The ruins of the Ricomex factory, six days after the earthquake.
Search and rescue efforts still going-on. A fire affected this plastic
products factory, a few years earlier. Following this, repairs were
carried-out and a plan for moving the factory to a newly built facility
was underway at the time of the earthquake. Production had
already moved to the new facility in Aspropyrgos, but the
administration and finance departments were still in the old
building, planning to move about six months later. The collapse of
this building caused 38 of the 143 deaths in the earthquake. The
location of the factory was very near to a stream (note sloping
ground) and ground conditions were unstable. Much of the
backside of the factory was probably built on filled ground and
reportedly without planning permission. It is not yet clear whether
the collapse was precipitated by the failure of retaining wall. The
authorities had warned the factory in the past about extending the
buildings perilously close to the edge of the unstable cliff. An
independent enquiry has been launched to investigate the causes
of this disaster but the report remained unpublished six months
after the earthquake (Location: Metamorphosis, Chelidonou
stream).

The human and economic
cost of earthquakes in Greece

A series of urban earthquakes have
struck Greece in the last 20 years,
these are:
1. the M6.4 June 1978 Volvi lakes
earthquake
that
damaged
Greece's second largest city
(Thessaloniki),
2. the February-March 1981 (M6.6
and 6.4) that caused damage in

Photo 2:

Newly built industrial building, just on the other side of the road from
Ricomex. Note L-shape and re-entrant corners, related to moderate
non-structural damage (Location: Metamorphosis).
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period 1955-1998 was 8 people. In
1959 the first earthquake code was
introduced in Greece.
Greece is affected by continuous
economic losses from the frequent
earthquakes. In today’s values it is
estimated that the average annual
economic loss in the last 20 years is
around 0.5% of the GDP, or circa
500 million US$. To better prepare
for future earthquake reconstruction
the
government
has
been
considering the introduction of a
scheme of compulsory earthquake
insurance, even prior to the
occurrence of the earthquake in
September 1999.

Photo 3:

Makita Foods Industry building, just up the road from Ricomex, but
not so close to the stream’s cliff. No visible damage.

The Ministry of the Environment and
Public Works in collaboration with the
various municipalities launched an
extensive
damage
assessment
survey in the affected region. This
included housing as well as
commercial and industrial buildings.
Buildings were classified in 3
damage levels/colours:
red--> buildings suffering complete or
partial collapse or severe structural
damage (the majority of these will
be demolished, but they are now
carrying a second assessment, to
decide this).
yellow--> buildings suffering
light/moderate structural damage
and/or serious non-structural
damage (these will have to be
repaired/strengthened).
green--> buildings suffering
light/moderate non-structural
damage (these will be repaired).

Photo 4: Collapse of the ground floor of a 3 floor commercial building. The
ground floor was a bakery, the upper two floors are private foreign
language and music schools (Location: Thracomakedones).
the Corinth and Viotia region and
also affected buildings in Athens
(especially those sighted on soft
soils),
3. the M6.1 September 1986
Kalamata
earthquake,
that
seriously damaged the town of
Kalamata
in
southern
Peloponnese,
4. the M6 June 1995 Egion
earthquake,
that
seriously
damaged the town of Egion in
northern Peloponnese.
Serious earthquakes affecting rural
areas also occurred in 1980 (M6.4 in

Magnesia, Central Greece); 1990
(M5.5 in Kilkis, Northern Greece) and
1995 (M6.6 in Kozani-Grevena in
Northern Greece). The epicentres of
these events are shown in Figure 1.
Most of the life loss in these
earthquakes occurred in collapsed
reinforced concrete framed buildings,
that have unreinforced hollow clay
brick infill masonry but no reinforced
concrete shear walls. The total life
loss from earthquakes in Greece in
the 1978-1998 period was 130
people. Life loss from earthquakes
has occurred 47 times this century
and the mean annual life loss in the
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The final statistics of damage,
following a second damage survey
that looked more carefully at
buildings classified red or yellow in
the first survey are as follows:
Red
Yellow
Green
TOTAL

No. of Buildings
6,519
88,784
122,637
217,940

%
3.0%
40.7%
56.3%

In the first survey the number of redtagged buildings was close to
14,000.
According
to
government
calculations, published two months
after the earthquake, the economic
loss from this event will reach 1.3
trillion drahmas (1US$=310 drahmas
at the time).

3

The profile of the affected
area

The Greater Athens area has a
population of 3.3 million people
(including the adjacent port town of
Piraeus).
This includes the
municipality
of
Athens,
the
neighbouring Port City of Piraeus
and a further 80 or so suburban
municipalities. In addition 450,000
people live in Attiki prefecture that
surrounds the boundaries of Greater
Athens. In the recent 7-8 years the
population of Greater Athens may
have increased by up to 10% due to
the arrival of many migrants from
abroad. The current population of
Greece is 10.7 million people. Thus
this earthquake struck a region
where 35-40% of the country's
population lives and which accounts
for around 50% of its GDP.
The area nearest to the epicentre of
the earthquake is densely inhabited,
but not as dense as other parts of
this crowded city. The worst affected
municipalities were Ano Liosia;
Acharnes (Menidi); Metamorphosis;
Ilion (Nea Liosia); Kamateron;
Thracomakedones; Fili; Zephyrion;
and Nea Philadelphia. Most of these
place names can be identified in the

Figure 2: Map of Athens, with some of the place names used in the text and the
estimated epicentre. This epicentre has appeared on maps published by the
Institute of Geological and Mineralogical Research and the Earthquake Planning
and Protection Organisation. Note: there is some disagreement about the exact
location of the epicentre, the causative fault and its orientation.
map shown in Figure 2.
These districts are areas with heavy
concentration of light industries and
low-income housing. The area has a
large number of "afthereta" houses
that have been built without permit
on land that is not officially
designated for development. The
number of such buildings in Greece
is estimated to exceed 1 million, or
25% of the country's building stock,
though much less in terms of total
floor area. It has been reported that
40% of these are in Attiki and the
fringes of Athens.
These are
predominantly 1 to 2 storied
reinforced concrete frames with
hollow clay brick infill.

Photo 5: Recently built three-storey apartment building with pilotis, used for
car parking (Location: Thracomakedones). The building has been
classified “red” i.e. building unsafe for occupation. A second
assessment of the “red” buildings was to follow two weeks after the
earthquake, to decide future action (e.g. demolition,
repair/strengthening).
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The construction of the light industrial
buildings in the area is predominantly
reinforced concrete frames with
hollow clay brick infill, but one to two
storey high steel frames have also
become popular in the last 15 years.
Reinforced concrete block masonry
is another structural type for light
industrial
structures
of
less
importance.

Photo 7:
Photo 6: Shear failure of a soft-storey column on the
ground level of a four-storey apartment
building. This was one of the most common
failure modes of soft-storey reinforced concrete
buildings, that escaped total collapse parking
(Location: Menidi).
4

Observations on the
performance of reinforced
concrete buildings

The majority of the collapsed
buildings were low to mid-rise
apartment
houses
commercial/industrial buildings. The
total number of collapsed buildings is
reported at around 100, with search
and rescue necessary in 28 cases.
The total number of buildings in the
worst affected municipalities is at
least 50,000.

Pounding damage between adjacent buildings.
Note that the levels of the floors are not
aligned. Note limited concrete cover and water
pipe paced inside the column (Location:
Menidi).

The general impression from the field
trip is that the performance of the
buildings built after 1981 earthquake
is superior to the older buildings.
Deformed reinforcing bars and dense
stir-ups have become more common.
At the same time however the
complexity in design and layout of
buildings in Greece has changed.
Large spans and cantilevers, reentrant corners, wide openings, plan
and elevation irregularities, have
become more common. Despite this
there is minimal or no use of RC
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shear walls. Most significantly due to
the lack of space provision for car
parking (due to dense habitation,
small building lots, and narrow
streets,
inadequate
planning
legislation). The use of pilotis (open
ground floor, soft storey) has become
the most common construction
practice for residential buildings. The
term pilotis is used for buildings that
have ground floors without infill
masonry, and are commonly used
either as shops or car parking space
(Photos 5, 6, 19 and 21).

Photo 9: Back side of the collapsed apartment building shown in Photo 8.
Note insufficient reinforcement connections between columns in
the vertical direction.

contributors to excessive torsion
loads during ground shaking. The
following are the most common
layout irregularities observed:
• "L", "T", " " shaped plans
without movement gaps
• Plans with many re-entrant
corners (Photo 2)
• Buildings with decreasing plan
area in higher floors
• Irregular buildings due to
building lot constraints
• Buildings with lift shaft,
staircases, to the side (Photo 19)
• Corner buildings, with the streetfacing sides having extensive
openings, while the other sides
are completely filled with
masonry
• The universal lack of movement
gaps between adjacent buildings
has been the cause for quite a
few collapses that seem to be
attributed to pounding (Photos 7
and 10).
Structural
irregularities
are
commonplace in Greece. Structural
integrity is often taking second place

Photo 10: Collapse of a 4-storey apartment building.
Pounding with adjacent structures could have
contributed to the collapse of this building
(Location: Aharnes).

Questions have been raised about
the quality of concrete used in some
of the buildings that were severely
damaged in past earthquakes. Onsite sample taking of supplied
concrete has become more common
but is still not widespread practice.
There are only a few certified testing
Photo 11: Non-structural damage was extensive. Here
laboratories to check for compressive Photo 8: Complete collapse ofout-of-plane
collapse
of infill
masonry
seen in
a five storey
apartment
building,
theisrubble
strength and other properties.
a three
storey reinforced
falling across the street.
(Location:
Menidi). concrete building. Note
lack of column in the left corner (Location: Ano
Layout irregularities and mass
Liosia).
eccentricities are one of the biggest
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to architectural space management
considerations.
Some of the
following
irregularities
were
commonly noticed:
• Unevenly distributed and
unaligned frames (Photo 5)
• Extensions or modifications to
the frame without proper
connections (Photos 8 and 9)
• Frames with uneven strength in
the two orthogonal directions
(Photo 5).
• Column-beam joints that are not
concentric (Photo 18)
• Beams much stiffer than
columns (in older buildings)
• Separate casting of beams and
columns
• Insufficient staircase or slab
bearing (Photo 20)
• Frames with too many different
column and beam sizes (Photo
5)

Photo 12: Buildings with moderate damage outside, often exhibit extensive
internal damage, mainly to the infill separation walls (Location: Ano
Liosia).

Inadequate reinforcement detailing
work was also observed. Although
structural engineers have focused
attention on this problem and
improvements have been achieved,
several important problems remain
especially in pre-1984 buildings.
Some of these are:
• Lack of sufficient shear
reinforcement in columns,
especially in pre-1984 buildings
(Photo 7)
• Discontinuous reinforcement in
columns (Photo 9)
• Insufficient cover of
reinforcement by concrete (bars
are often visible)
• Insufficient anchorage of
reinforcement in joints
Photo 13: One of the worst affected
areas was the municipality of Ano
Liosia, close to the epicentre.
This town of 45,000 has a lot of
old masonry buildings still
remaining, making an
assessment of the intensity there
easier. The photo shows a
typical corner failure in this siglestorey unreinforced stone
masonry house.

Photo 14: Completely shattered earthen block house in Ano Liosia.
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•

(especially pre-1984 buildings)
Placement of rainwater pipes
inside columns (Photos 7 and 9)

An important factor that has been
neglected in the design of RC frames
in Greece, until the introduction of
the 1995 earthquake code, is the
contribution of the infill masonry to
the structural behaviour during lateral
loading. In areas of intensity VIII or
more, extensive infill masonry
damage has occurred to almost all
the buildings, this will prove very
costly to the building owners and
much of it could have been avoided
with better detailing and design
(Photos 11 and 12).
Common
Photo 15: Collapse of a three-storey house with soft storey on the ground
problems observed were:
floor (Location: Ano Liosia).
• Infill walls that are not arranged
uniformly (irregular position of
openings in plan or elevation)
• Infill
panels
without
any
horizontal
or
vertical
reinforcement (Photo 11)
• Infill panels with full length
window openings at the top
between the columns, thus
creating the short column effect
(Photo 18)
• Out-of-plane failures or diagonal
shear cracking (Photo 11)
Geotechnical site investigations prior
to construction are rarely carried out
even in large buildings. The new
code is addressing this deficiency,
but it is not clear whether it is
enforced. Many of the industrial
buildings that collapsed along
Tatoiou avenue (Metamorphosis)
were either too close to a nearby
stream cliff, or built on landfill with
inadequate retaining walls (Photo 1).
The neighbourhood of Anthoupoli (in
Peristeri)
has
been
seriously
damaged, reportedly because it has
been built over old coal mining
galleries that were in operation until
1957. Planning guidelines in areas
of poor soil conditions are almost
non-existent. Microzonation studies
have only been done for a few small
cities.
5

Photo 16: A typical method of construction, with a new reinforced concrete
frame building enveloping an old existing unreinforced brick
masonry house. Note damage to the old masonry on the ground
floor (Location: Ano Liosia).

Strong motion observation

Seventeen strong motion instruments
operated
by
the
Geodynamic
Institute of Athens and the Institute of
Engineering
Seismology
and
Earthquake
Engineering
of
Thessaloniki have recorded the
ground motion in Athens. The peak
ground acceleration of the strongest
records was:
Photo 17: The Telecommunications building in Ano Liosia, was one of the few
surviving with only moderate non-structural damage.
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Photo 18: Typical short column failure. Note lack of
column on the left, and non-concentric beamcolumn joints (Location: Ano Liosia).

Photo 20: Collapse of a reinforced concrete slab due to
insufficient bearing and connections (Location:
Ano Liosia).

Photo 19: Three storey apartment building with extensive
infill masonry damage, classified “yellow” by
the damage assessors (Location: Ano Liosia).

Photo 21: School buildings suffered much less damage
than residential, commercial, industrial
buildings. This one in Ano Liosia, has damage
to the roof parapet.

0.53g in Monastiraki (about 17 km
south - south east of the epicentre,
located in free field on the Athenian
schist formation that covers much
of central Athens);

up to IX (Modified Mercalli Intensity),
with extensive areas of Ano Liossia,
Acharnes,
Metamorphosis,
Thracomakedones and Ilion being
inside the intensity VIII isoseismal.

0.36g in Sepolia (about 15 km south
- south east of the epicentre,
located at the basement of a 2storey steel frame building situated
on riverine deposits)

In many cases there is clear
evidence of correlation of damage
with site conditions. Following the
earthquake the National Technical
University of Athens published two
maps entitled “Soil Seismic Hazard
Map” and “Damage Distribution
Map”.
There is a remarkable
correlation between areas of high
and serious damage and areas of
river and torrent beds or areas of
semi-cohesive or medium dense
soils, respectively.

0.29g in Piraeus street (about 16 km
south - south east of the epicentre,
located at the ground floor of a
single-storey building situated on
alluvial deposits).
These peak values are deceptively
high and damage in the vicinity of
these stations was limited (intensity
VI or VI-VII). Unfortunately there
were no instruments located in the
worst affected areas near the
epicentre. However damage surveys
were carried out in order to estimate
the macroseismic intensity, and it
was found that in parts this reached

Internet Links
Details on aspects of the Athens
earthquake, including the strong
ground motion and the causative
fault can be found on the following
sites:
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http://www.eeri.org/Reconn/Greece1099
(EERI Reconnaissance Report)
http://www.gein.noa.gr (National
Geodymanic Institute of Athens)
http://www.itsak.gr (Institute of
Engineering Seismology and Earthquake
Engineering of Thessaloniki)
http://www.earth.ox.ac.uk/~timw/athens.ht
ml (Discussion on the location of the
causative fault)
http://mceer.buffalo.edu/research/greece0
90799/deault.html (MCEER
Reconnaissance Report)

EEFIT-EFTU Report on the Athens
Earthquake
The Athens earthquake will be the
subject of a detailed reconnaissance
report to be published later this year.
EEFIT (IStructE) and EFTU (Imperial
College) have agreed to collaborate
with Greek academics from the
National Technical University of
Athens (NTUA) for the publication of
this report, that will contain 7
chapters ranging from seismological
aspects, structural damage and

analysis the disaster management

perspective.

Dr. James Jackson to Deliver Eighth Mallet-Mile Lecture
The Eighth Mallet-Milne Lecture will
be presented on 23 May 2001 by Dr.
James Jackson of Cambridge
University.
Dr. Jackson is an
internationally recognised expert on
active continental deformations. His
pioneering research into crustal
deformations confirmed the plate
tectonic theory developed by Dan
Mckenzie and extended it to
applications in geology.
Dr.
Jackson’s ability to deliver excellent
lectures and to make highly
specialised research accessible to a
wide audience was admirably
demonstrated by his 1995 Royal
Institution Christmas Lectures on
Planet Earth: An Explorer’s Guide.
The title of the Eighth Mallet-Milne
Lecture is “Living with Earthquakes:
Know Your Faults” and it will address
the huge advances made during the

last two decades in the understanding
of how active faults move during
earthquakes and in recognising them
before they move. These advances
have been brought about by the
combined use of seismology and
space-based surveying techniques,
particularly
GPS
and
radar
interferometry, and through improved
recognition of the signatures that
active faults produce in the landscape
at the surface.
Dr. Jackson will
demonstrate in his lecture that within
a few years we shall no longer be
embarrassed by the occurrence of
large earthquakes on faults that are
unknown
or
unappreciated,
something that has happened several
times in recent years. The lecture will
no doubt be of appeal to all those
involved in earthquake engineering
because these findings have very
significant implications for seismic

hazard assessment and the way in
which we assess the effects of future
earthquakes to be considered in
design.
Julian Bommer

SECED On-Line Email
Discussions List
All members of SECED are invited
to join and contribute to the seceddiscussions Email list which is
hosted from
http://www.bham.ac.uk/CivEng/sec
ed.index.htm

The list can be accessed by
subscribing to the SECED mailing
list for virtual debates

EUROPEAN COMMUNITY - ACCESS TO RESEARCH INFRASTRUCTURES
ACTION OF THE IMPROVING HUMAN POTENTIAL PROGRAMME.
LARGE SHAKING TABLES AND REACTION-WALL FACILITY
The Commission has agreed to provide funded access for approved researchers to the large shaking table and
reaction-wall facilities listed below. Applications for such access from nationals of a Member State or Associated
State* are now invited. Applicants with interests in research in earthquake and structural dynamics engineering
should apply to the Director of one of the laboratories for consideration by a Management Panel appointed by the
Commission. Details should be given of the research proposed and the likely amount of access required. Approved
users will receive travel and subsistence costs from the host laboratory. More precise details are available from the
Director of each laboratory.
Professor Panayotis Gr. CARYDIS
National Technical University of Athens
Laboratory for Earthquake Engineering
Polytechnic Campus, 15700 Zografos
Athens, Greece
Tel: 0030-1-7721180/1181/1185
Mobile: 0030932 244446
Fax: 0030-1-7721182
Email: pcarydis@central.ntua.gr
Home Page: http://www.civil.ntua.gr/earthquake

Prof. Michel GÉRADIN
Safety in Structural Mechanics Unit
TP 480, ISIS, JRC, I-21020 ISPRA
Tel: +39-0332-789989
Fax: +39-0332-789049
Email: michel.geradin@jrc.it

Dr Giorgio FRANCHIONI
ENEL HYDRO - B.U ISMES
Via Pastrengo, 9
24068 SERIATE (BG)
ITALY
Tel: +39-035-307612
Fax: +39-035-302999
Email: franchioni.giorgio@enel.it
Home Page: http://www.ismes.it

Professor Roy T SEVERN
Earthquake Engineering Research Centre
Department of Civil Engineering
University of Bristol
Queens Building, University Walk
Bristol BS8 1TR UK
Tel: +44 117 928 7708
Fax: +44 117 928 7783
Email: Janet.Davies@bris.ac.uk
Home Page: http://www.cen.bris.ac.uk/civil/eerc/

* Bulgaria, Czech Republic, Republic of Cyprus, Estonia, Hungary, Iceland, Israel, Latvia, Liechtenstein, Lithuania,
Norway, Poland, Romania, Slovakia and Slovenia

SECED NEWSLETTER - MARCH 2000 - Page 15

NOTABLE EARTHQUAKES OCTOBER - DECEMBER 1999
Reported by British Geological Survey
LAT

LON

DEP MAGNITUDES
KM ML MB MS

LOCATION

Seismic Bridge design Seminar
IStructE
27 September 2000
Non-.linearity and Earthquake Engineering
ICE

YEAR

DAY MON

TIME
UTC

1999

02

OCT

03:50 52.94N 2.29W
2
2.4
Felt Keele, Staffs with intensities of 3EMS.

1999

05

OCT

00:53 36.68N 28.24E
33
4.9 4.6 DODECANESE ISLANDS
At least 103 people were injured in the Marmaris area.

29 November 2000
Seismic Design of Buried Structures

1999

16

OCT

09:46 34.50N 116.32W 10
7.3 SOUTHERN CALIFORNIA
Four people were slightly injured when a train derailed near to the city of Barstow,
150 km NE of Los Angeles.

SECED Newsletter

1999

22

OCT

02:18 23.42N 120.49E 33
5.6 5.6
At least 323 people were injured in the Chia-I area.

TAIWAN

1999

25

OCT

19:15 51.97N 3.57W
15 3.5
Felt with maximum intensities of 4 EMS.

SENNYBRIDGE, POWYS

1999

31

OCT

13:27 10.53S 70.72W 63
4.4
PERU-BRAZIL BORDER
Approximately 30 people were injured and 150 houses were damaged in the
Chuschi district of Peru.

NEWCASTLE-U-LYME

1999

31

OCT

15:09 29.33N 51.69E
33
5.3 4.9 SOUTHERN IRAN
Twenty-eight people were injured and damage occurred in the Kazerun area.

1999

11

NOV

14:41 40.77N 30.24E
10
5.6 5.6 TURKEY
At least two people were killed at Adapazari and approximately 170 people were
injured in the Adapazari-Golcuk-Izmit area.

1999

12

NOV

16:57 40.73N 31.12E
10
6.3 7.5 TURKEY
At least 840 people were killed , approximately 5,000 people were injured and
extensive damage occurred in the Duzce-Bolu-Kaynasli area.

1999

15

NOV

05:42

1.38S

88.99E

10

6.3

6.9

SOUTH INDIAN OCEAN

1999

19

NOV

13:56

6.38S 148.81E

33

6.0

7.0

NEW BRITAIN REG, P.N.G

1999

22

NOV

01:02 55.92N 2.42W
8 2.7
JURA, STRATHCLYDE
Felt throughout Ormsary with maximum intensities of 3 EMS.

1999

26

NOV

13:21 16.42S 168.22E 33
6.5 7.3 VANUATU ISLANDS
At least five people were killed and approximately forty people were injured when
buildings collapsed throughout Pentecost.

1999

30

NOV

04:01

18.78S 69.05W

128

6.1

1999

06

DEC

23:12

57.46N 154.57W

33

6.5

6.7

KODIAK ISLANDS REGION

1999

11

DEC

18:03

15.78N 119.77E

33

6.5

7.1

LUZON,
PHILIPPINE ISLANDS

1999

21

DEC

14:14
6.82S 105.65E 56
6.1
SUNDA STRAIT
At least five people were killed, approximately 220 people were injured and more
than 2,800 houses were damaged in western Java.

1999

22

DEC

17:36 35.23N 1.23W
10
5.5 5.5 NORTHERN ALGERIA
At least 28 people were killed and buildings were destroyed in the
Ain Temouchent area.

1999

24

DEC

17:17 53.06N 1.16W
3 1.3
PAPPLEWICK, NOTTS
Felt throughout Papplewick with maximum intensities of 3 EMS.

NORTHERN CHILE

Issued by Bennett Simpson, British Geological Survey, January 2000
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25 October 2000
Seismic Evaluation of Dams

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:
Adam Crewe,
Editor SECED Newsletter,
University of Bristol,
Department of Civil Engineering,
Queen’s Building,
University Walk,
Bristol BS8 1TR,
UK.
Email: A.J.Crewe@brisl.ac.uk

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 Geophysical
Society.
The Society is also closely
associated with the UK Earthquake
Engineering Field Investigation Team. The
objective of the Society is to promote cooperation 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.

