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a high percentage
of houses
were destroyed.
The most
damaged town was Cariaco,
10
km west of the epicenter ,
where a grammar
and a high
school collapsed,
and most
houses were destroyed
or suffered heavy damage. Building
damage in other towns
(Casanay, San Antonio
del
Golfo) was limited to one-story
houses.

A total of 73 people were killed,
most of them in Cariaco (in the
collapsed schools) and Cumana
(in the collapsed building), and
531 people were injured. About
1,000 houses were destroyed
within a 70 km epicentral radius
affecting more than 5,000
people. The local people
described this shock as the
strongest felt since 1974.
Extended damage to lifelines
(roads, water pipelines, electric
cables) was reported in Cariaco
and also between San Antonio
del Golfo and Casanay at
several locations. The damage
was mainly associated with the
fault rupture or with liquefaction, including lateral spread,
that was observed along the
seashore and at river beds.
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1853.07.15

Heavy damage in Cumana; hundreds of dead ;
people. MMI VIII to IX in Cumana, VII in
Cariaco .
I

1900.06.07

Local damaging quake at Casanay as well as
in Cariaco. Some injured.

1908.09.17

Very

strong

surrounding

tremors

in Cariaco

and

area.

1929.01.17

Heavy damage in Cumana. MMI XI for
Cumana and VII for Cariaco; Ms 6.3.

1939.10.14

Strong tremors in Casanay, Cariaco,
Campoma Lagoon. No reported damage,

1944.02.06

MMI VII in Casanay and Guarapiche.
Damage in Casanay.

1974.06.12

MMI VIII in Cariaco and Casanay. Shallow
event, near Casanay, Ms 6.1.

1974.10.29

Damage in Casanay and Rio Casanay.
Possible an aftershock of the previous event,

Table 1 -A list of the strongly
felt or damaging
Cumana-Cariaco-Casanay
area from 1853-1997.

An isoseismal map, based on
MMI questionnaires done during
the first week after the earthquake, was prepared and is
shown in Figure 1. The maximum intensity of VIII on the
Modified Mercalli Scale (MMI)
was restricted to a narrow
region around Cariaco.

from Muelle de Cariaco on the
west to Las Varas, which is
east of Casanay. The actual
extent of the rupture may be
longer since both ends are
hidden from view. The west
end of the fault rupture is
underwater in the Gulf of
Cariaco and the east end is
masked by heavy tropical

The main characteristic of this
earthquake is associated with
the 30 km right lateral surface
rupture of the El Pilar Fault,

vegetation.
The Cariaco earthquake is the
most important seismic event in
2

earthquakes

in the

Venezuela
since the Caracas
earthquake
in 1967. A reconnaissance
mission with more
than 10 participants
(seismologists,
earthquake
engineers, and geologists)
was sent
immediately
after the event by
the Venezuelan
Foundation
of
Seismological
Research
(FUNVISIS).
The evaluation
of
building damage, seismic intensities, aftershock
activity,
and
superficial
geological
expressions
began just a day after
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the event. This report is the
result of about one week of
intensive on-site investigations
by FUNVISIS staff along with
cooperating national and international institutions and professionals, and it outlines
preliminary results and hints for
future activities.
Geological

and Tectonic

Setting
North and West Venezuela is
the boundary between the Ca-

ribbean and the South American
Plates. A continuous system of
right lateral strike-slip faults
extends across the country,
from the Andes in the
southwest to the Gulf of Paria
close to Trinidad in the
Aortheast. Most of the seismic
activity of Venezuela is
associated with the 2 to 3
cm/year plate motion of the
transcurrent fault system. The
El Pilar Fault is the easternmost
portion of this system, located
within an east-west trending
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topographic depression formed
by a graben (Pliocene and early
Pleistocene) and since then
subjected to right-Iateral strike
slip movement. It is part of a 5
to 10km-width shear zone. The
north is bordered by the Paria
Coastal Range, mostly of
Mesozoic marine deposits,
metamorphosed and thrust from
the north. The Paria Southern
Range is formed of autochthonous Cretaceous marine deposits. The July 9 epicenter was on
the central portion of the El
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(70 km from the epicenter) ,
with peak accelerations
of
0.109 and 0.179 and durations
of 23 and 43 seconds,
respectively.

An important frequency
decrease is observed after 8
seconds in both records. From
the regional attenuation law,
the estimated epicentral
acceleration could be
approximately O.20-0.25g on
stiff soil or rock.
Local topographic
amplification
effects may be responsible
for
the 0.17 g peak ground
acceleration
recorded at one
site.

Geological

Effects

Surface Faulting -One of the
most striking effects of the
Cariaco earthquake is the eastwest trending surface fault
rupture of the El Pilar Fault. The
rupture has been mapped for
more than 30 km between
Muelle de Cariaco in the west
and Las Varas (east of Casanay)
to the east. Westward of the
visible trace, the rupture might
continue offshore towards San
Antonio del Golfo and eastward
through the dense tropical
vegetation of the area. Most of
the visible fault has a mean coseismic right-Iateral displacement of about 0.25 m
without a visible vertical component; the maximum reaches
0.40 m about 3 km west of
Casanay. The fault rupture is
generally less than 3 to 4 m
wide and is basically expressed
by synthetic Riedel shears,
exhibiting en echelon folds at
some sites. The fault rupture

Figure 3 -The Miramar Building, a six-story reinforced concrete
structure, collapsed in Cumana. Only the two lower stories of the
stairwell and elevator shaft did not collapse.

corresponds
to a rather straight
segment of the El Pilar Fault
zone. Detailed maps of this area

earthquake
with a magnitude
measured at 6.9 could be
expected
to cause some

between
Cumana to the west
and Casanay to the east,
essentially
on reclaimed land,
river or channel banks (Cariaco
and Manzanares
rivers) and
along the seashore. These
phenomena
caused serious
damage in some neighborhoods
of Cumana (El Guapo, Boca del
Rio, El Perion) and at the fishing
wharf, Mariguitar,
San Antonio
del Golfo as well as in Cariaco.

important
geological
effects,
especially
those associated
with
dynamic
soil behavior. In this
earthquake
such geological
effects were mainly concentrated
along the coastline,
occurring
sparsely further away
from the coast. Local soil and
geological
effects, as well as
damage in soil works were detected as far as 70 km from the
epicentral
area. Liquefaction
and lateral spread occurred

Some road cuts suffered small
landslides as far as 50 km
south-southwest
from the
epicenter. Some sea cliffs near
Chiguana, on the northern shore
of the Cariaco Gulf, also slid .
Low earth dams, about 30 km
from the epicentral area,
containing pools for shrimpgrowing farms, failed due to
liquefaction effects with
rotational sliding.

developed
previously
were
based on geomorphic
evidences
of Quaternary
faulting
(FUNVISIS,

1995).

Soil and Local Effects
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Casualty and Damage Report

Engineered

The total death toll from this
earthquake was 73, caused
mostly by the collapse of buildings. The collapse of a six-story
building in Cumana killed 21
people. In Cariaco most of the
30 deaths were students
between the ages of 10 and 18
at the grammar and high
schools. The total number injured was 531. Most of these
(360) occurred near the epicentral area where the largest
number of damaged houses
was reported. This damage was
concentrated in "bahareque"
houses, which is a cane and
mud type of construction.
Few
buildings of good design and
quality construction collapsed in
Cariaco.

In Cumana, which is 70 km
from the epicenter, several reinforced buildings were severely
damaged. This included the collapse of the Miramar Building, a
six-story reinforced concrete
structure built in 1979. The
collapse of this building killed
21 people. Other multi-story
buildings of similar height
located in the same area had
only minor damage and some
had no structural damage. The
structural system of the
Miramar Building was a concrete frame with deep beams
along one direction and shallow
beams along the other. Some
columns were only 25 cm wide
on one side. The building plan
was irregular with a large
opening, approximately 40% of

Structures

Figure 4 -The two-story
Valentin Valiente School in Cariaco was
completely collapsed in the front while the masonry remained in the
rear.
6

the plan area, in the first two
stories. Shear walls were
located at one corner around
the stairwell and elevator shaft,
causing an asymmetrical stiffness distribution. A portion of
the two lower stories of the
stairwell and elevator shaft was
the only part of the building
which remained standing (see
Figure 3). Absence of transverse reinforcement in the
beam-column joints was observed in the collapsed building.
Three other multi-story
buildings in Cumana had severe
structural damage and three
had minor structural damage.
At the time of the earthquake,
there were about 200 buildings
in Cumana which were higher
than two stories. One of these
buildings, a seven-story
reinforced concrete structure,
was under construction when
the earthquake occurred.
However, the structural portion
had already been completed.
The upper stories had a large
number of hollow clay tile
partition walls distributed
throughout the plan. There
were no partition walls at the
first (bottom) story. Most of the
partitions at the second story
were severely cracked. Plastic
hinges were observed in most
of the columns (mainly at the
top but some at the bottom
sections) at the first story.
Flexural and shear cracks were
also observed in several beams
at the first story.
At Cariaco, less than 10 km
from the epicenter
and only a
few hundred meters from the
fault trace, two schools collapsed, killing about 30 stu-
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dents. The Valentin Veliente
School was a two-story
reinforced concrete building
built in 1 955 .It had a
symmetrical rectangular plan.
Frames with deep beams (larger
concrete sections than the
columns) were only in the
transverse direction. There
were no frames in the
longitudinal direction where the
columns were only connected
by the slab. Partition walls of
hollow concrete blocks existed
along two-thirds of the story
height leading to several short
columns.

structure is a frame with many
partition walls up to mid-height,
thereby leading to the existence of several short columns. The first story collapsed
in both buildings. Short columns
and the lack of transverse
reinforcement may have been
responsible for the failures in
beams, columns and joints.

Lifelines
Several main water pipelines
were damaged because of
permanent
soil displacements
or
fault movement.
The water
supply was interrupted
for
several days to a few weeks in
most of the affected
areas.
Likewise,
the power supply was

No transverse
reinforcement
was observed at the beamcolumn joints. It was apparent
that the building moved along
the flexible longitudinal
direction
before collapsing.
Some beams were observed to
be completely
separated from
the columns.
Short columns
failed at the termination
of the
partition walls (see Figure 4).
Hinging at the top and bottom
of most columns
as well as
several cracks in joints were
also observed .

The other collapsed school in
Cariaco was the "Raimundo
Martinez" High School, a fourstory reinforced concrete
structure built in 1989 (see
Figure 5). This building was
supposedly designed with
requirements similar to ACI
318-83 specifications.
The
school was apparently
composed of two building units
separated by a few centimeters,
each one having a C plan
shape. The two portions
together look like a hollow
square shape in plan view. The

Figure 5 -The
ground floor of the four-story
Raimundo
High School in Cariaco building collapsed completely.
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Nonstructural
Effects on
Functionality
of Cumana's
Central Hospital
The Central Hospital of Cumana
is the largest and most
complete medical facility in the
region. The main complex
consists of reinforced concrete
frame buildings with an elevenstory rectangular tower and .
four two-story additions
designed in 1963. Another twostory "New Emergency" building was added in 1978. Since it
is very close to the El Pilar
Fault, a recent structural
seismic vulnerability evaluation
study showed that the main
tower buildings do not comply
with modern earthquake
resistant building codes.
During the earthquake, these
buildings experienced strong
shaking. The tower apparently
suffered slight nonstructural
damage and some damage to
unsecured equipment, due to
overturning or sliding. The main
buildings were immediately
evacuated as a precautionary
measure, and this important
hospital was therefore not
available for use in attending to
injured people. The removal of
patients was very difficult due
to the architectural
characteristics of the
evacuation routes, and the
dimensions of the stairs and
exit doors. An evaluation of the
building found no structural
damage and, one week after
the earthquake, medical staff
and patients re-entered the
tower .
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The power supply to the hospital failed for only a few
minutes, but the emergency
plant did not operate. The
water service was interrupted
for two days, due to damage in
the main pipeline that supplies
water to Cumana, and the
emergency storage tank of the
hospital was also not operating ,
Water was supplied by mobile
water-tank units and bottled
water. An additional disruption
to essential emergency
functions was caused by
organizational inability to
respond to non structural
damage. The staff knew that
the building was vulnerable and
most ran out in panic. A
Contingency Plan had been
previously developed with the
assistance of PAHO, but the
staff was apparently unaware
of this.
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Conclusions
Considering the magnitude of
the Cariaco earthquake, the
geological as well as structural
damage was relatively small.
The shallow focus and the high
attenuation could explain this
phenomena. The death toll was
mainly due to the collapse of
three structures, two schools in
Cariaco and an office building in
Cumana. These cases deserve
detailed analysis, taking into account the structural characteristics and the fact that the
schools are standard buildings,
duplicated many times in the
region.
Besides

damage was observed in
bahareque and masonry houses
without adequate reinforcement. Soil-related effects
played a decisive role in the
distribution of the damage. The
10ng-Iasting interruption of
water supply was a serious
problem for the affected villages. Destruction of industrial
facilities and the loss of work
spaces constitute a social
problem for some villages.

the collapse

of these

engineered
structures
and
damage to a few other similar
buildings,
the main portion of
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