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Abstract: This paper describes the performance of school buildings in the 1997 earthquake in north-
east Venezuela, in which two schools collapsed and 46 students were killed. It provides seismic data on 
the region and country, and analyses two typical school structural types in Venezuela: “box-type” and 
“old-type” buildings. The causes of school collapse are provided for each structural type. The analysis 
was conducted as part of a project to reduce seismic risks in schools in Venezuela, which identifies and 
classifies existing schools in terms of vulnerability.

Figure 5.1. Epicentre, fault trace and the town of Cariaco
Structural plan at first storey of one unit of RMC school (in metres)

The Cariaco earthquake

At 15:24 on 9 July 1997, an earthquake 
struck the north-eastern region of 
Venezuela, located some 300 km from 
Caracas. The ground motion caused 
five reinforced-concrete buildings – two of 
which were school buildings – to collapse, 
killing 74 people and leaving 522 wounded. 
The earthquake also caused liquefaction 
and soil failure in several towns on the 
coast. In the town of Cariaco, two school 
buildings, a two-storey bank and a 
hotel that was under construction – all 
reinforced-concrete structures – collapsed. Three hundred single-family dwellings made 
of bahareque or masonry walls were also destroyed. Other single-storey buildings located 
near the schools were not damaged.

Earthquake data and estimated ground motion in Cariaco

The epicentre of the earthquake of magnitude M6.8 was located at 10.43° W and 63.49° N, 
with a focal depth of 10 km. The town of Cariaco was situated approximately 10 km from the 
epicentre, but only 600 m from the fault trace (Figure 5.1). The right-lateral strike-slip fault had 

Figure 5.2. Right-lateral strike-slip fault
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a mean displacement of 30 cm along 30 km 
in the east-west direction (Figure 5.2). 
This fault trace corresponds to the El Pilar 
fault, which is the boundary between the 
Caribbean and the South American tectonic 
plates. The ground motion was recorded in 
the city of Cumaná, located approximately 
70 km from the epicentre. Peak ground 
accelerations (PGA) of 0.09 g, 0.05 g and 
0.03 g in two horizontal and vertical 
directions were recorded, respectively, with 
a total duration of about 20 seconds.

The soil at the sites of the two school 
buildings in Cariaco consists of pre-dominantly fine materials with similar characteristics 
throughout the soil column: very soft for the first 10 m, moderately dense between the 
depths of 10 m and 20 m, and dense or very dense at a depth of more than 20 m. Using 
attenuation laws for near-fault motions recorded on soil (Abrahamson and Silva, 1997; 
Boore, Joyner and Fumal, 1997; Campbell, 1997; Sadigh et al., 1997), the median of 
the PGA was associated with a probability of exceedence of 50% (Table 5.1). Averaging 
for all the laws, the median PGA was 0.52 g, with a 50% probability of being between 
0.39 g and 0.70 g. The pseudo-acceleration response spectrum was determined using the 
smooth spectrum built from the mean spectrum of a collection of 38 near-fault motions 
recorded on soil, for 5% damping (López et al., 2004). Figure 5.3 shows the resulting 
mean, upper and lower smoothed spectra, which define a range of pseudo-acceleration 
values with a probability of occurrence of about 50%. 

Table 5.1. Range of peak ground acceleration (PGA) “a” 
with 50% probability of occurrence in Cariaco 

Reference
Standard 
deviation

Lower 
quartile

PGA a (g)

Median
Upper 

quartile
Abrahamson and Silva (1997) 0.44 0.39 0.53 0.71
Boore, Joyner and Fumal (1997) 0.52 0.38 0.53 0.75

Campbell (1997) 0.39 0.38 0.49 0.64
Sadigh et al. (1997) 0.42 0.41 0.54 0.72

Mean  0.39 0.52 0.70

Figure 5.3. Pseudo-acceleration 
response spectrum
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Performance of the Valentín Valiente School

Description and behaviour during the earthquake 

The Valentín Valiente School (VV), built in 1958, consisted of two independent modules 
(Figure 5.4). Each module had two storeys and was rectangular in shape, with a reinforced-
concrete structure and masonry infill made of 15 cm-thick hollow concrete blocks 
connected to the frames (Fernández, 1998; IMME, 1998). The concrete joist floor system 
had a 5 cm slab with joists spaced 50 cm apart in the longitudinal direction, and all columns 
had a 20 cm x 30 cm section. Frames with deep beams (20 cm x 65 cm) were located along 
the transversal direction of the building, but there were no beams along the longitudinal 
direction. Materials tests performed after the earthquake showed a concrete strength 
in compression of 140 kgf/cm2; the minimum yield stress for the bars is 2 400 kgf/cm2. 
No transversal reinforcement was placed in the joints. The transversal reinforcement in 
beams and columns consisted of plain bars Ø 1/4” hoops set 25 cm and 15 cm apart, 
respectively (Bonilla et al., 2000; Fernández, 1998). Two types of masonry infill were used 
(Figure 5.5(a)): some were 2.25 m high and completely filled the transversal frames along 
axes 1, 3, 5 and 7; others were 1.70 m high and generated short columns with 55 cm clear 
length on longitudinal frame A. Longitudinal frame B had a very rigid reinforced-concrete 
bench stiffly connecting the columns at a height of 50 cm from the floor.

Figure 5.4. Structural plan at first storey of Valentín Valiente School 
(dimensions in metres)
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The building had very low energy-dissipation capacity due to the small amount of 
transversal reinforcement and the short columns. Furthermore, the building was weak 
in the longitudinal direction due to the lack of beams and the small size of the columns. 
The collapse of both modules during the earthquake was similar – five people were killed 
– with great displacement along the longitudinal direction (Figure 5.5(b)). When the 
columns on both floors failed, the slabs were left resting on the walls. Brittle failures were 
observed in the short columns, and ductile failures were seen in the long columns.
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Analysis of the structure

The building’s capacity was determined by means of a non-linear static (pushover) 
analysis; lateral triangular loads were applied in the longitudinal direction until the 
structure became unstable. The masonry infill was modelled by diagonal compression 
struts. The slab concrete joists were modelled by equivalent beams. Figure 5.6(a) shows 
the base shear against the roof displacement. The results indicated a first shear failure in 
the short columns A2, A4 and A6 of the first storey (Figure 5.4), for a base shear of 23 t; 
followed by a second shear failure in the same three columns on the second storey, for a 
base shear value of 26 t; and subsequent bending failures of the joists and of the other 
columns, up to 36 t, for a roof displacement of 7 cm. In order to estimate the risk index, 
a value of 30 t was given as the ultimate capacity of the structure.

Demand was estimated based on the dynamic elastic response to the pseudo-acceleration 
spectrum (Figure 5.3) applied in the direction of the collapse. With a total weight of 42 t, 
the fundamental period for the structure is 0.65 s. A base shear demand between 254 t and 
456 t with a 50% probability of occurrence was obtained. Displacement demand corresponds 
to drifts between 15% and 27% in both storeys (Figure 5.6(b)). This demand is between eight 
and 15 times greater than the capacity of the structure, which creates an intolerable ductility 
demand, especially for a structure with very low energy-dissipation capacity.

Figure 5.5. Three-dimensional view of Valentín Valiente School 
and structural collapse

(a) Three-dimensional view of Valentín Valiente 
School showing frames and infill walls

 (b) Structural collapse in longitudinal direction of 
Valentín Valiente School (Bonilla et al., 2000)
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Causes of the collapse of the V V School

The collapse of the V V School was caused by conceptual design deficiencies, which can 
be summarised as:

• The very low resistance and stiffness of the structure in the longitudinal direction as a 
result of the small size of the columns and the lack of beams.

• The presence of masonry infill connected to the columns, creating short columns and 
leading to brittle failures.

• The building’s limited energy-dissipation capacity caused by inappropriate detailing. 
Although the ground motion at the site was very strong due to its proximity to the fault, 
it is likely that even weaker motions would have caused the building to collapse given 
that, intrinsically, it was extremely vulnerable. No construction flaws were observed, 
with the exception of the low concrete strength. 

Behaviour of Raimundo Martínez Centeno High School

Description and behaviour during the earthquake

Raimundo Martínez Centeno High School (RMC) in Cariaco was built in 1985, although 
the structural drawings are dated 6 April 1978. The blueprints indicated that the structure 
had been designed for Seismic Zone 2, following the 1967 standards in force at the time. 
According to those standards, Cariaco was located in Seismic Zone 3, where seismic 
requirements were two times greater than those for Zone 2. The school consisted of two 
similar, independent modules, with a C-shaped floor plan. One module had three storeys, 
and an additional floor had been added in a small area of the other module. Only the three-
storey module, the floor plan for which is shown in Figure 5.7, was analysed. Each unit 
had a reinforced-concrete structure with frames in both horizontal directions and 15 cm 
thick masonry infill (Figure 5.8(a)). The total thickness of the concrete joist floor system 
was 30 cm, with ribs in the Y direction (Figure 5.7). The columns measured 35 cm x 35 cm. 

Figure 5.6. Capacity and demand in longitudinal direction of Valentín Valiente School
(a) Capacity from a pushover analysis (b) Probable range of elastic dynamic demand 

during the earthquake
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The beams in the Y direction had a 30 cm x 40 cm section. In the X direction, the beams 
were 30 cm wide and between 40 cm and 70 cm high. The masonry infill in frames 1 to 5 
completely filled the frames. In frames B and E, the masonry infill created short columns 
with a length of 70 cm. In frames A and F, the length of the short column was 170 cm. 
The first storey only had one-third the number of walls filling the frames as on the 
second storey, and half the number of those on the top storey. Tests performed after the 
earthquake showed a concrete strength of about 250 kgf/cm2, and 4 200 kgf/cm2 for the 
yield stress of the reinforcing bars (IMME, 1998), which was consistent with the values 
specified in the design. Columns hoops of Ø 3/8” were installed 10 cm apart near the 

Figure 5.7. Structural plan at first storey of one unit of RMC school (in metres)
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joints and 20 cm apart further away from the joints, with no transversal reinforcement 
at the joints. The number of hoops was 66% of the total amount required in the actual 
code for high seismic zones.

The school had very low energy-dissipation capacity; the columns were weaker than the 
beams and had little shear strength. The masonry infill was connected to the columns, 
creating short columns with a potential brittle failure mode. In addition, there was a 
significantly higher number of masonry infill on the upper storeys compared to the ground 
floor, creating a weak and soft first storey. Both modules exhibited similar behaviour during 
the earthquake, consisting of failure of the columns on the lower level and collapse of the 
building – causing 18 deaths – with displacement predominantly in direction X, leaving the 
second storey resting directly on the ground (Figure 5.8(b)). There were no signs of collision 
between the two modules. On the second and third storeys that were left standing, shear 
failures were noted in several of the short columns, and compression and buckling of the 
longitudinal steel was seen in others (Castilla and Marinilli, 2000; IMME, 1998).

Figure 5.8. Three-dimensional view of RMC school and structural collapse
(a) Three-dimensional view of RMC school showing 

infill walls in first storey
(b) Collapse of first storey of RMC school  

(Photo courtesy of E. Castilla)

Analysis of the structure

The lateral capacity of the building in the direction of the collapse X was determined 
using a pushover analysis. The masonry infill was modelled using diagonal struts. The 
building had a fundamental mode period equal to 0.58 s in direction X and a weight of 
1 900 t. The shear force at the base vs. displacement at the roof is shown in Figure 5.9(a). 
The results indicated a shear failure in short columns B3 and E3 on the first storey, for 
a load of 477 t; followed by a shear failure of the other short columns B1, E1 and A4 
to 487 t; and, subsequently, shear failure of several long columns. A value of 450 t was 
taken as the ultimate capacity of the building. The demand brought about by seismic 
motion (Figure 5.3) was determined by means of a dynamic elastic analysis (Figure 5.9(b)). 
This demand was between 2.8 and 5.1 times greater than capacity, which is considered 
excessive given the low energy-dissipation capacity of the structure.
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Figure 5.9. Capacity and demand of RMC school in the X direction in Cariaco

a) Capacity from a pushover analysis b) Probable range of elastic dynamic demand 
during the earthquake
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Causes of the collapse of RMC High School

The collapse of RMC High School was due to: 

• The low energy-dissipation capacity of the structure, caused mainly by the lack of proper 
confinement of the columns and joints and the low shear resistance of the columns.

• The presence of masonry infill creating short columns and leading to brittle failures.

• The large difference in strength and stiffness between the first and upper storeys, 
which was created by the termination of the masonry infill of the upper storeys. No 
construction flaws were observed.

Schools and the earthquake scenario in Venezuela

Seismic hazard in schools

The seismic hazard map contained in the Venezuelan earthquake-resistant building code 
sets values of PGA in rock for schools associated with a 5% probability of exceedence in 
50 years (COVENIN, 2001). The country is divided into seven zones, with a PGA of up to 
0.52 g, which can be classified as of very high, high, moderate and low seismic hazard 
(Table 5.2). There are 28 119 educational units, from pre-school to secondary school, in the 
country; approximately 70% of schools, or 19 516 units, are located in high to very high 
seismic hazard zones (Table 5.2). In general, school units consist of several independent 
buildings, and many educational units have been built using only a small selection of 
structural designs. An estimated several hundred “box-type” buildings – similar to RMC 
High School – and “old-type” buildings – similar to V V School – exist. Figure 5.10 shows 
that some of these buildings are similar to those that collapsed in Cariaco. The high risk 
of these buildings was confirmed in the 1991 Curarigua earthquake (west of Venezuela), 
when an old-type school similar to V V School was severely damaged. This moderate 
earthquake (M5.3), with an epicentre located 20 km from the town of Arenales (Lara 
State), caused a brittle shear failure in the short columns on the first storey, similar to the 
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failure that occurred in Cariaco. Recorded accelerograms from nearby areas suggested a 
PGA of less than 0.10 g, which provided clear proof of the vulnerability and high risk of 
these schools, even in the case of low to moderate intensity seismic motion.

Table 5.2. Distributions of schools according to the seismic hazard zones  
in Venezuela

Zone Seismic hazard PGA (g)*
Number of 

schools % of schools
6,7 Very high 0.46 - 0.52 1 671 5.9
4,5 High 0.33 - 0.39 17 844 63.5

1,2,3 Moderate 0.13 - 0.26 8 205 29.2
0 Low - 399 1.4

 Total 28 119 100

*With 5% probability of exceedence in 50 years.

Figure 5.10. Schools in Venezuela that are identical to the schools  
that collapsed in Cariaco

a) Identical to RMC (Figure 5.8(b)) 
(Photo courtesy of E. Castilla)

b) Identical to V V (Figure 5.5(b))

Reduction of seismic risks in schools

The risk of these types of schools – the old-type and the box-type structures – is 
determined for different seismic zones in Venezuela in the “Reduction of Seismic Risks 
in Schools” project. The goal of this project is to identify and classify existing schools 
in terms of their vulnerability, to determine the level of risk to which these schools are 
exposed, and to propose measures aimed at reducing risk to the levels stipulated in 
the current earthquake-resistance standards. The project is divided into three stages: 
preliminary evaluation, detailed evaluation and structural retrofitting.
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Preliminary evaluation (Stage I)

This initial stage covers:

• Identification and classification of schools in the country; preferential selection of 
repetitive-design and high-occupancy units; and correlation with seismic hazard maps.

• Evaluation of schools using rapid visual screening methods. 

• Classification of schools based on risk level; and selection of schools to be included 
in Stage II.

Detailed evaluation (Stage II)

A detailed evaluation is carried out according to the current design and construction 
standards in Venezuela. This stage covers:

• Determination of elastic demand imposed by seismic action by dynamic analysis.

• Determination of local strength of the structural elements and overall strength of the 
structure by non-linear static analysis.

• Determination of risk indices defined by the demand/capacity quotient; and selection 
of schools to continue to Stage III. 

Structural retrofitting (Stage III)

This stage consists of:

• Consideration of three performance levels in the retrofit project: immediate occupancy, 
for moderate ground motions; life safety, for strong ground motions; and structural 
stability, for maximum ground motions. Levels 2 and 3 include non-linear dynamic 
analysis of the retrofitted buildings.

• Study of different structural retrofit alternatives to increase the reliability of buildings to 
the level required under current standards of life safety performance, while minimising 
cost and disruption of school activities.

Risk indices in standard school types 

The old-type and box-type schools were selected for detailed evaluation early in the 
project because these schools are identical to those that collapsed in Cariaco and are 
found throughout the country. The purpose of the evaluation was to determine the risk 
index for each school in each of the seven seismic zones in the country (Table 5.2). 
Maximum dynamic response was calculated by means of a linear elastic model subject 
to the ground motions specified in each seismic zone. Two qualities of concrete and five 
different models were considered in order to evaluate the influence of the walls and stairs 
and the cracking of the structural elements. The joint action of gravitational loads, two 
horizontal components of the earthquake, the vertical seismic component and accidental 
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torsional moments were also considered. These load cases were combined following the 
guidelines provided in the standards (COVENIN, 2001).

The risk indices, RI, were determined at the local and global levels. At the local level, the RI is 
the quotient of force-demand and capacity in a given structural element. In elements with 
ductile failure modes, this index is an approximation of local ductile demand. At the global 
level, the RI is the quotient of the base shear demand and capacity as determined by a non-
linear static analysis, and the other index is the quotient of drift demand and admissible 
drift according to the code. Selected results for the RI of the base shear for the model 
with walls and stairs and concrete strength of 200 kgf/cm2 are presented in Figure 5.11. 
The characteristics and detailing of elements and joints do not allow for indices of more 
than 2. 

The results presented in Figure 5.11 show unacceptable risk levels for the old-type 
school, even in low seismic zones, indicating an urgent need for retrofitting. Results also 
suggest that only those box-type schools located in high seismic risk zones need to be 
retrofitted.

Figure 5.11. Risk index of standard school types in seismic zones 
in Venezuela
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