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Learning from Earthquakes 

The M7.3 Honduras Earthquake of May 28, 2009

A team sponsored by the Earthquake 
Engineering Research Institute (EERI) 
and the Geo-Engineering Earthquake 
Reconnaissance (GEER) Association 
carried out a field investigation in con-
junction with Honduran colleagues to  
document effects of the May 28  
earthquake. The EERI/GEER team 
was invited by Marco Sandoval, Exe-
cutive Director of the Comisión Ejecu-
tiva Valle de Sula (CEVS), from June 
18-23. The team included experts in  
structural and, geotechnical engineer-
ing, as well as in disaster response 
and recovery. Abdeldjelil Belarbi was 
supported by EERI, and Ronaldo 
Luna and Kermit Applegate were sup- 
ported by GEER; all are from Mis-
souri S&T in Rolla. The CEVS team 
consisted of Humberto Calderon, Os-
valdo Rivera, and Luis Alonso Lopez. 
Rolando Rodriguez, resident chief 
safety engineer of the El Cajon Dam 
provided the detailed observations 
the day after the event. Observations 
of other individuals who visited the 
earthquake-affected region have also 
been incorporated in this report.  

The EERI field investigation was con-
ducted as part of the Learning from 
Earthquakes Program with funding 
from the National Science Foundation 
under grant #CMMI-0758529. 

Introduction
An earthquake of magnitude M 7.3 
struck the Atlantic coast of Honduras 
on May 28, 2009. The epicenter was 
located 63 km north of Roatán (Bahía 
Islands) and 125 km NNE of La Ceiba. 
It was the strongest earthquake felt in 
Honduras in the past three decades. 
The earthquake and aftershocks were 
felt in Honduras, Belize, Nicaragua, 
El Salvador and Guatemala. Several 
smaller quakes followed, notably on 
June 8th and 15th, with magnitudes of 
5.4 and 4.8, respectively. At least seven 
people were killed and 40 were injured, 
and there was damage to more than 
150 buildings. Most significantly, a 
number of port terminals, bridges and 
levees were seriously damaged. 

Tectonic Setting
and Seismological 
Records
According to the USGS,
the shock resulted from 
left-lateral strike-slip fault- 
ing, located as it was on  
the Swan Islands Trans- 
form fault, a segment of  
the boundary between  
the North America and  
Caribbean plates (see  

Figure 1). It has been estimated that, 
in this region, the plate boundary has 
a 20 mm/yr slip (USGS, 2009). 

The North America/Caribbean plate 
boundary has generated strong 
earthquakes before: the 1976 M7.5 
Guatemala quake caused more than 
23,000 fatalities. That earthquake 
was on the Motagua fault, a segment 
of the plate boundary that lies about 
400 kilometers southwest of the 2009 
Honduras offshore hypocenter.

The seismological records in Hondu-
ras are scarce. A recent station was 
installed by the USGS in Tegucigalpa, 
the capital city, but this station is more 
than 310 km away from the epicenter 
of this quake. Another seismograph 
has been in operation for some time 
at the El Cajon Dam site, about 260 
km 
away from the epicenter. Both instru-
ments recorded data, but preliminary 
review indicates low-quality records. 
The few stations that have been in-
stalled are monitored and supported 
by the INETER from Nicaragua. Addi-
tionally, three accelerographs are in- 
stalled at the base of the dam and 
two others are within the concrete 
structure. The record obtained near 
the top of the structure at elevation 
291 is shown in Figure 2.  

Local Site Effects
The seismic event produced strong 
ground motion throughout the region, 
but its effects were amplified primarily 
within the alluvium valley of the Ulua 
and Chamalecon Rivers. Damage 
was heaviest in structures supported 
on soft foundation soils and/or on 

Figure 1. Honduras earthquake tectonic setting (USGS, 2009).

Figure 2. Records from Rolando Rodriguez, dam 
safety engineer. 
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filled or reclaimed land. This was evi- 
dent at sites located in San Pedro 
Sula and Puerto Cortés. The most 
obvious example of local site effects 
was at the Supreme Court Building, a 
three-story reinforced concrete frame 
which was severely damaged (see 
Figure 7). The building is supported 
on about 3 m of fill underlain by soft 
and compressible organic soils. In 
contrast, a multi-story reinforced con-
crete stadium less than half a mile 
away was only slightly damaged. 

Liquefaction
Liquefaction was widespread in areas 
underlain by granular saturated sedi-
ments. Sand boils, surface cracks, 
and lateral spreads were evident in  
many areas near Puerto Cortes and  
towards the town of Omoa on the 
Caribbean Sea coast. The liquefac-
tion damaged petrochemical termi-
nals, ports, wharfs, roadway embank-
ments and other smaller buildings.  

Other buildings and residences were
damaged in the central zone of Puer- 
to Cortés due to liquefaction and 
ejected sand. Buildings tilted and be-
came inundated, leaving much sand 
behind. The surface storm sewer sys- 
tem was clogged for weeks until the 
municipality and neighbors were able 

to excavate the drains. A recently built 
roadway embankment on the south 
side of the city was seriously affected 
by lateral spreading (see Figure 3). 

The valley of the Ulúa and Chamale-
cón rivers (Valle de Sula) runs north 
towards the Caribbean Sea. A system 
of levees protects the agricultural ac-
tivities, urban and residential areas. A 
preliminary survey completed by the 
Comisión Ejecutiva Valle de Sula 
(CEVS) identified 58 km of levee dam- 
age due to lateral spreading along the 
banks of the Ulúa River. On the edge 
of a sugar cane plantation, about 250 
meters from the river edge, long fis-
sures opened in the direction parallel 
to the river (see Figure 4). The crack 
openings ranged from 10-50 cm, with 
a depth of approximately one meter. 
Allochthonous sand ejecta were pres-
ent along the length of the fissures, and 
sand boils were scattered amongst the 
sugar cane plantations. 

Near the edge of the Ulua River, in the 
unprotected zone of the levee system, 
extreme lateral spreading was evident. 
Gaping fissures up to 5 m wide and 2 m 
deep have indelibly altered the land-
scape (Figure 5).

Along the crest of the levees, a net-
work of smaller cracks (5-10 cm wide 

and several meters deep) has ren-
dered nearly 50 km of the levee 
system ineffective (Figure 6).  

Buildings
The Supreme Court building is locat-
ed on the Segunda Circunvalación 
Road in San Pedro Sula. In addition 
to local site effects amplifying the 
shaking, the building’s design con-
tributed to its damage.  

Each story is about 4 m high, with 
columns and beams of the same 
(350 mm x 350 mm) cross-section. 
The building had concrete beams 
running in orthogonal directions, and 
the concrete frames were in-filled 
with brick masonry. Typical failures 
of these infilled masonry walls are 
shown in Figure 7. Infill walls suffered 
out-of-plane overturn due to inertial 
forces during the earthquake (see 
Figure 7a). 

Figure 3. Roadway embankment with lateral spreading.
Figure 4. Longitudinal cracks and sandboils.

Figure 5. Severe lateral spreading between levees and river.

Figure 6. 1.5 m deep cracks in levees.
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The short-column effect, also called 
captive-column or captured-column, is 
very common in RC frames with in- 
fill walls. The shortened column devel- 
ops large shear force which may ex- 
ceed its shear capacity. The problem 
is well known, but is often ignored in 
practice. In some cases, the infill 
walls are separated from the column 
to allow flexure of columns, but insuf- 
ficient gaps produce the same conse-
quences. Figure 7b shows a rein-
forced column with shear failure. The 
column is constrained by masonry in- 
fill walls in the perpendicular direction, 
but shear cracks developed in the 
masonry wall. Figure 7c shows the 
failure due to short-column effect. 
These columns had No. 3 ties spaced 
at 6-8 inches, but the large spacing of 
the ties did not provide the required 
confinement to the core concrete. 

Bridges
Two bridges suffered serious damage.
The reinforced concrete three-arch 
bridge called “La Democracia” 
crosses the Ulua River near the town 
of El Progreso in northern Honduras,  
connecting it to the major city of San 
Pedro Sula. The bridge was built in 
1965 by French engineers and con- 
sists of two middle supports with 
nearly symmetric monolithic arches, 
with the middle span complemented 
by a straight beam span. The total  
length of the bridge was 258 m, and 
the middle span was 36 m. The mid-
dle components consisted of four sim- 
ply supported T-beams. All supports, 
including abutments, were steel  
plate bearings.  

Figure 8 shows the col-
lapsed middle span and, 
in the background, the  
2005 twin bridge built by  
the Japanese, which still  
is in service. The bear- 
ings on the abutments  
moved more than 250  
mm in the horizontal di- 
rection. This bridge had  
shear keys only in the  
longitudinal direction to  
support the T-beams.  
With inadequate seating  
and no lateral restraints  
to prevent unseating, the 
beams fell beneath the  
middle span. The lack of  
redundancy in the simply  
supported beam also  
prevented formation of  
an alternate load path.  

In contrast, the new 
structure, which consists  
of a single monolithic  
concrete arched struc- 
ture, has neoprene elas-
tomeric bearings and  
shear keys at the sup- 
ports. The shear keys  
suffered diagonal cracks,
evidence that they kept  
the bridge on its bearings during the 
seismic event. A transverse crack on 
the bridge (western bank) was identified.  

Liquefaction sand boils and significant 
settlement, and possible lateral spread-
ing, was evident on the river banks. In 
some locations cracks and settlement 
exceeding 250 mm were observed (see 
Figure 9).

Figure 8. La Democracia Bridge 
with middle span of old structure  
collapsed. (a) Top view of shear key, (b) overall view of 
the twin bridge, and (c) cracking due to lateral restraint 
in the new structure.

Figure 7. Supreme Court building damage due to local site effects and aseismic design.

◄ (7c)  
Short column 
effect failure. 

◄(7a) Overall damage including out-of-plane failure of masonry infill wall.

◄ (7b)  
Column failure 
at the infill wall 
frame interface.  

The near Santa Rita over the Hu-
muya River was also damaged. The 
foundation support was already weak- 
ened due to scour, which historically 
has damaged the bridge. The two-
lane bridge consists of eight spans of 
five simply supported reinforced con-
crete girders (1m x 0.6m x 30m) built 
in the 1970s. Two supports moved 
and the third column bent was tilted 

Figure 9. Settlement of ground around abutments due 
to liquefaction: (a) old bridge, westbound, and (b) new 
bridge, eastbound.
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and rotated, causing settlement and a 
reduction in the bearing support of 
the girders. The girder of the fourth 
span had only about 5-6 cm of bear- 
ing on the third column bent, as 
shown in Figure 10.  

The night of June 28th several spans 
collapsed, most likely due to the loss 
of bearing in support #3 as shown 
tilted in Figure 11. Additionally, the 
collapse of this span produced a 
progressive collapse of the two other 
spans to the south. 

El Cajon Dam
The concrete arch El Cajon Dam is 
227 m high and it forms a reservoir of 
94km2. The dam is the most signifi-
cant civil infrastructure in northern 
Honduras, and continued normal op- 
erations during and after the event 
(Figure 12). The response of the dam 
was recorded by the instrumentation 
monitoring system at the site, includ-
ing one seismograph and three accel-
erographs. After the event, a visual 
inspection was made, followed by a 
more detailed data collection survey 
from the installed instrumentation, 
summarized below:

Accelerographs: Historic values 
were reached during the event. At the 
top of the dam (El. 291m) the maxi-
mum value of -0.081g was recorded 
(see Figure 2). At the bottom of the 
dam (El. 78m) the maximum accel-
eration was recorded as 0.010g. The 
maximum value obtained before this 
event was of -0.045g on July 11, 
1999.

Seismograph: During the 13 hours 
after the main event, 23 events were 
registered in the seismograph, which is 
located on rock below the safety engi-
neering station on the west abutment. 
The seismograph data was delivered to 
INETER in Nicaragua for interpretation.

Pendulums: 21 pendulums measure 
the deformation of the dam. Their read- 
ings are not outside the normal param-
eters because there was no deforma-
tion.

Extensometers: The instruments that 
measure the deformation of the rock in 
the base of the dam also showed no 
deformation. 

Socio-Economic Impacts
Several major civil infrastructures 
(petrochemical terminals, bridges, and 
levees) in northern Honduras along 
the Valle de Sula were crippled by the 
earthquake, and the damage slows 
down socio-economic recovery. The 
Chevron Terminal at Puerto Cortes has 
been closed for more than a month due 
to safety concerns, most tanks have 
been emptied, and gasoline distributed 
on trucks. This terminal supplies about 
40% of the gasoline to the country, and 
in some service stations gasoline is be- 
coming scarce. The damaged levees 
are currently being repaired by the 
CEVS corps of engineers. However, 
these weakened earth structures will 
remain vulnerable to flood events dur- 
ing hurricane season in September. 

Other building damage, primarily resi-
dential and small commercial, was 

Figure 10. Santa Rita Bridge over the Humuya River.

also observed throughout the region 
and was not the focus of this inves-
tigation. The officials at the local 
municipality in Puerto Cortés, in con-
junction with COPECO, conducted a 
detailed damage assessment survey 
and identified more than a thousand 
damaged residences.
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Figure 11. Collapse of 
the spans of the Santa  
Rita Bridge over the Hu- 
muya River (source: 
LaPrensa.hn).

Figure 12. The El Cajon Dam.




