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Gemona: the reckoning

An earthquake struck Gemona di Friuli, Italy,
last May. Nick Ambraseys assesses its impact

THE Gemona earthquake of May

6, 1976, affected a large region in
North-East Italy which, during the past
nine centuries, has been devastated by
a series of large shocks that have had
recurrence intervals of aklmost total
quiescence of 150 to 200 years. The
largest of these events occurred on
January 25, 1348, and on March 26,
1511, These earthquakes were asso-
ciated with radii of perceptibility of
650 to 750km and with aftershock
sequences that lasted from three to six
months. In addition, the shock of 1348
triggered a slide in the Gail valley, the
volume of which exceeded 1,000 mil-
lion m’, a volume about four times
larger than that triggered in 1963 at
Vajont by the rapid draw-down of the
reservoir level,

The Gemona earthquake occurred at
2100 hours local time near 46.24°N
13.28°E and had a focal depth of less
than 10 kilometres; it had a surface-
wave magnitude of 6.3 and was pre-
ceded by a single foreshock of
magnitude 4.5. Another phenomenon
which could have been premonitory
was the appearance of a glow in the
sky above the northern part of the
epicentral region which persisted for
some time after the earthquake.

There is no evidence that the earth-
quake was associated with surface
faulting. Ground deformations origin-
ally suspected to be of tectonic origin
in Montenars, Sedilis, Susans and
Avasinis proved on examination to be
of secondary nature. Persistent patterns
of ground fracturing caused by slump-
ing do not align with any minor or
major fault.

The earthquake produced ground
fracturing on flat and sloping ground,
as well as a few cases of very local
liquefaction. Landslides, rockfalls and
debris-flows from steep slopes triggered
by the shocks and heavy rains caused
serious damage to property. Most of
the rock faces and slopes that col-
lapsed were already unstable.

More than three-quarters of the
houses in the region are very old.
Their walls consisted of coarse, short-
bedded, badlydaid rubble masonry,
sometimes mixed with bricks and with
great thicknesses of lime or clay
mortar joints, concealed by plaster or
rough cast. Floors and roofs are heavy,
resting on joists of timber. The use of
tie-rods in masonry walls and laid at
floor and roof level has saved many
houses from collapse. New houses,
mostly those built with some care after
the local shocks of 1928 and 1939,

have brick walls and reinforced con-
crete columns with cast-in-situ slabs.
These houses, as well as structures built
more recently with few openings and
light roofs, survived the shock with
comparatively little damage.

Both old and new houses which had
recently been renovated suffered the
most. A common cause of unin-
tentional weakening was found to be
due to the installation of electricity
and water conduits in old houses, the
re-location of bathrooms and sewer and
drainage pipes in old walls, and the
addition of extra rooms and floors in
old dwellings. Damage to only less than
a quarter of the houses in the region
could have been prevented had modern
houses been built to resist earthquakes;
the rest were built long before the
advent of modern technology. Lack of
ductility and eccentric stiff structural
elements in open ground floors were
the main cause of damage to modern
reinforced concrete houses and blocks
of flats. Prefabricated constructions
particularly in the industrial areas suf-
fered more than other types of struc-
tures. The affected region was not
considered to be highly seismic and
very few buildings had been designed
and built to resist lateral forces.

Within the region of maximum
damage, intensities varied erratically
from place to place and in only a few
isolated points did they reach an in-
tensity IX on the Mercalli scale. In this
region the distribution of damage was
influenced more by the type of struc-
tures shaken than by their foundation
conditions. Intensities underground

were much smaller than those ex-
perienced on the surface.

In deep
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caves, delicately poised rocks, thin
stalactites and stalagmites showed no
signs of disturbance.

The maximum horizontal ground
acceleration deduced from displaced
objects in the meizoseismal region
reached values of 75%g associated
with very high frequencies. The peak
acceleration of the main shock re-
corded at a focal distance of about
30 kilometres (S—Start time=23.8 sec.)
was 37%g and the velocity 32 cm sec™.
Peak accelerations of aftershocks of
magnitude 5, recorded at smaller dis-
tances, reached values in excess of
50%¢g.

The main shock killed 965 and in-
jured 2,286 people. The average rate of
fatalities for the whole area is just
under 1% of the affected population.
All age groups except the infants and
elderly suffered fatalities roughly pro-
portional to their numbers. In densely
populated villages and in historical
town centres the more agile group of
youths suffered more casualties in their
attempts to seek refuge outdoors into
narrow streets where they were crushed
under falling walls.

The damage caused by the main
shock was estimated late in May at
$1,707 million. Damage to dwellings
was $573 million, to agriculture $488
million, to industry $244 million,
handicraft industry $146 million, public
buildings $122 million, commerce $110
million, roads $16 million and aque-
ducts $8 million.

Preliminary estimates today for the
total damage caused by the main shock
and its aftershocks including loss of
revenue from commerce amounts to
$2,859 million. The total loss to build-
ings which includes 237,000 rooms of
houses which were either totally des-
troyed or seriously damaged (exchiding
contents) has been estimated at $1,078
million. This figure is based partly on
August-September 1976 market re-
placement values and partly on assessed
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values. It includes replacement cost for
1,650 hospital beds and for seriously
damaged or destroyed public buildings.
Damage to industry, including handi-
craft and small industry is estimated
at $599 million. Damage to agriculture
amounted to $479 million which has
now risen to $610 million.

Damage to public works and utilities
amounted to %240 million including
repair costs for the water supply,
sewers, electrical facilities, aqueducts,
road and railway communications. Loss
of revenue from commerce is estimated
at $240 million, and $176 million will be
required for the repair and extension
of the flood control of the Tagliamento
valley. There is $49 million-worth of
damage to school buildings and a

sum of $96 million has been allocated
for the repair of the few historical
monuments that survived the shock.
About 600 churches were destroyed or
damaged beyond repair and damage to
historical buildings, castles and works
of art cannot be calculated.

One of the conclusions that can be
drawn from the study of the Gemona
earthquake is that this cvent could
easily have been expected from what
we know about the seismicity of the
region. This earthquake demonstrated
once more the economic vulnerability
of developed and densely populated
regions of apparently low seismicity to
strong carthquakes of long return
period but short recurrence interval.
It also demonstrated the need for the
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application in such regions of mini-
mum carthquake resistant design re-
quirements in the construction of new
buildings and for the strengthening of
old ones, particularly of Thistorical
monuments and art treasurcs. The
amount and extent of damage caused
by the ecarthquake and by its after-
shocks have important implications
for the insurance industry and for the
social and economic planning in earth-
quake areas. 3

The ficld work reported in this study constitutes part
of the work carried out on a UNESCO Earthquake
Reconnaissance Mission to Friuli (Ambraseys N,
**The Gemona di Friuli{1taly) earthquake of May 1976",
UNESCO Rec. Mission Repori, No. 273,182 (1976).
UNESCO, Paris). The writer would like to record his
indebtedness to the President of the Regione, Dott. A.
Comelli, the Director of Forestry, Dott. R. Querini
and to the Vigili del Fuoco for their gencrous co-
operation.

The ability to predict

earthquakes
should reduce deaths, injuries, and

property damage, but the prediction
itself can have some negative effects.
Henry Lansford sent this report from
Boulder, Colorado, on a new study
of the socioeconomic impacts of
earthquake prediction:

WHEN social scienfists go out into the
real world to study a subject that has
atttracted a good deal of public atten-
tion, they usually come up with two
classes of conclusions. The first class
includes unsurprising findings that
often provoke sceptics to snort that
social science research is a waste of
time—*‘common sense would have
told you rhar!” But in addition to
confirming some things that common
secnse might suggest, good social
science research can turn up some
surprises too—the unexpected insights
into human behaviour that the
sociologists like to call ‘“‘counter-
intuitive conclusions.”

An 18-month study* of the poten-
tial impacts of earthquake prediction
in the United States, conducted at
the University of Colorado with sup-
port from the National Science Foun-
dation, has produced both kinds of
conclusions. The research team con-
cluded, for example, that although
the first credible predictions of
damaging earthquakes months or
years before they occur can save
many lives and reduce property
losses, such predictions can also re-
sult in severe economic depression
and social disruption in the com-
munities for which earthquakes are
predicted. Although nobody had
given much thought to this negative
aspect of earthquake prediction, it
should not come as a great surprise
that property values and tax revenues
will decline in an area for which an

Prediction: the negative aspects

earthquake is predicted; that business
activity, cmployment opportunities,
and public services will be reduced;
and that the sale of earthquake in-
surance policies will cease as soon as
the prediction is issued.

But there are also some counter-
intuitive conclusions., The researchers
found few indications that home-
owners who have small equities in
heavily mortgaged homes would
simply walk away and stop making
their monthly payments, contrary to
what common sense with a touch of
cynicism might suggest. They found
that savings deposits in banks in the
“target community” for which the
earthquake is predicted would go up
instead of down with the rest of the
ecconomy, as people save money in-
stead of spending it on household
appliances or other property that
might be damaged or destroyed by
the earthquake. And, perhaps most
surprising of all, they found that 407,
of the residents would remain, rather
than evacuating either temporarily
or permanently, in an area for which
an earthquake five times as great as
the one that devastated San Fer-
nando, California, in 1971 has been
predicted, even if they believe that
the prediction is accurate.

The rescarch team, which included
both physical and social scientists, did
most of their field work in California,
which has had more recent experi-
ence with earthquakes, as well as
more trepidation about future ones,
than any other part of the United
States. The team also looked closely
at earthquake-prediction research
that has been going on in China,
Japan, and the Soviet Union. They
began by getting estimates from
seismologists of the probable char-
acteristics of the first official, scien-
tifically-based carthquake prediction

in the United States and of the way
in which it would probahly be re-
leased to the public. Then they for-
mulated two “‘prototype” predictions:
onc assumed a five-month lead time,
a 50% probability of occurrence, and
an earthquake with a magnitude of
6.3 on the Richter scale: the second
assumed a three-year lcad time and a
7.3 magnitude. Then they conducted
morc than 1,000 intervicws through-
out California, with federal, state,
and local government officials, exccu-
tives of large and small businesses,
managers of large and small news
media and individual families.

Threc of the study’s findings are
regarded as particularly significant:
® Under existing laws, it is not clear
whether federal disaster-relief funds
can be committed on the basis of an
officiul earthquake prediction or
whether it will be necessary to wait
until earthquake damage has oc-
curred before committing funds that
might have helped prevent the
damage.
® No workable alternative to earth-
quake insurance exists for indemnify-
ing those whose property is damaged
or destroyed hy an earthquake,
although the California state in-
surance commissioner has stated that
he will stop the sale of new earth-
quake insurance policies in any area
for which a credible official earth-
quake prediction has been issucd.
® Damage estimate maps, based on
solid scientific data and published by
news media in the threatened arca,
should reduce property damage con-
siderably if the earthquake prediction
provides enough lead time to re-
inforce structures and undertake
other damage-prevention measures. [

* ], Eugene Haas and DennisS. Mileti, Socivecunomic
Impact of Eurthquake Prediciion (Institute of Behav-
joural Science, University of Colorado, Boulder,
Colarada; 1976).
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