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ABSTRACT:  The Haiti earthquake of 12th January 2010 caused extensive damage in the epicentral 
region in and around Port-au-Prince. The moment magnitude of this earthquake was about Mw = 7.2 and 
the damage caused by the earthquake was wide spread. The Earthquake Engineering Field Investigation 
Team (EEFIT) in the UK organised a field mission to earthquake-hit Haiti with the authors as the team 
members. In this paper the preliminary observations made during the field visit will be made. These 
observations will emphasise the geotechnical aspects including soil liquefaction and lateral spreading that 
were observed in Haiti. Also, damage assessment of the port and harbour structures in the Port-Au-Prince 
area will be carried out to validate the information obtained from pre and post-earthquake satellite 
imagery. In addition attempts to validate the new technique of aerial pictometric images that were 
available for the Port-au-Prince area will be discussed. The paper discusses disaster preparedness and the 
importance of certain key infrastructure such as ports and harbours in the immediate post-earthquake 
period with regards to relief measures flowing into the earthquake-hit zones. 

1 INTRODUCTION 

The 12th January 2010 earthquake of Haiti caused extensive damage in the capital city of Port-au-Prince and in other 
major cities and towns. The earthquake had a moment magnitude Mw of 7.2 as estimated by USGS with the epicentre 
about 25 km west of Port-au-Prince. The earthquake caused a large number of casualties of nearly 250,000 and nearly 
a million people were injured. The Presidential Palace collapsed during the earthquake bringing the governmental 
agencies to a virtual halt. A view of the collapsed Presidential Palace is shown in Figure 1. Although this was only a 
moderate earthquake in terms of its intensity compared to the Chilean earthquake that occurred a few weeks later and 
had a moment magnitude Mw of 8.1, the Haiti earthquake caused such widespread destruction of residential and 
commercial buildings that it will be remembered as one of the most catastrophic earthquakes. The Haiti earthquake 
also emphasised the importance of key infrastructure such as port and airport facilities and how lack of functioning 
infrastructure can hamper the relief effort.  

 

 
Figure 1 A view of the collapsed Presidential Palace in Port-au-Prince, Haiti 
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The Haiti earthquake occurred due to the rupture of the well-known Enriquillo-Plantain Garden Fault (EPGFZ), a left-
lateral, strike-slip fault that slips approximately 7 mm/year. The location of the epicentre of the main event relative to 
the capital city of Port-au-Prince was about 25 km as shown in Figure 2 and is approximately located at 18.451N, 
72.445W. The focal depth of the event was determined to be 10 km by USGS. There were many aftershocks after the 
main event which extended westwards as shown in Figure 3.  

 
Figure 2 Shaking map intensity as estimated by USGS            Figure 3 Aftershocks following the main rupture 

Earthquake Engineering Field Investigation Team (EEFIT), UK works under the auspices of Institution of Structural 
Engineers, UK and was set up primarily to send academic experts and practising engineers on post-earthquake 
missions with the intention of learning lessons from each disaster and disseminating this knowledge widely in the civil 
engineering community in the UK and worldwide. Recently EEFIT has celebrated completion of 25 years since its 
inception. Over this period EEFIT has mounted over two dozen missions of varying size and complexity.  

Following the Haiti earthquake, EEFIT decided to send a mission. Owing to the complexity of the mission, difficulties 
in access and security it was decided to keep the team to three or four members. The authors of this paper were finally 
sent to Haiti with support from EPSRC, UK. Prior to embarking on this mission the EEFIT team members had to 
undergo specialist security training that was organised by RedR, UK. The team members spent six days in Haiti with 
the main focus being Port-au-Prince and the surrounding areas. However the team were able to travel to Leogane and 
Grand Goave outside Port-au-Prince and witness the damage sustained by the building stock in those cities. The route 
followed by the EEFIT team is presented in Figure 4 along with the areas surveyed with Port-au-Prince. 

 
Figure 4 Route followed by the EEFIT Team 

In this paper some of the preliminary findings of the EEFIT mission to Haiti will be presented. The primary focus of 
this paper will be on the liquefaction damage at the port facility in Port-au-Prince and the damage assessment carried 
out using aerial imagery. Two types of aerial imagery will be considered in this paper. The first will be based on 

Port-au-Prince 
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satellite images. The second type will use pictometric images that have higher resolution and offer 3-D oblique views 
of the area. In addition to this the site amplification effects and topographic effects that caused excessive damage to 
the building stock will also be considered. The topographic effects and the damage sustained by the buildings at the 
top of slopes will be compared to damage observed using dynamic centrifuge modelling in model buildings that were 
subjected to earthquake loading. 

2 LIQUEFACTION AT THE PORT 

The main port facility in Port-au-Prince was severely damaged by the earthquake loading. The soil at the port 
including the backfill areas suffered extensive liquefaction that resulted in the spans of the south pier collapsing and 
the complete collapse of the north wharf deck along with the container crane structure supported on it. The damage to 
the port was reported in the press even before the EEFIT team visited Haiti. In Figure 5 a view of the collapsed 
container gantry crane is presented. This crane was supported on the north wharf that has collapsed following the soil 
liquefaction. Similarly in Figure 6 a view of the collapsed decks of the south pier are presented. It was reported by 
Rathje et al (2010) that the present day port area was located on reclaimed land based on historic photographs of the 
port from 1962. Such reclaimed fills are very vulnerable to liquefaction and this was observed in several other ports in 
previous earthquakes, for example, the Taichung port facility during the 921 Ji-Ji earthquake in Taiwan, the Navalakhi 
and Kandla port facilities during the 2001 Bhuj earthquake in India and the port island facilities during the 1995 Kobe 
earthquake in Japan. Given the large scale nature of the damage to the port, aerial imagery is considered next, with the 
view to identifying the damage to the port. If successful, such aerial imagery can be used in the rapid assessment of 
damage following major earthquake events. 

 

Figure 5 Collapsed gantry crane  on north wharf           Figure 6 Collapsed decks of the south pier 
 

2.1 Satellite Imagery 

Following the Haiti earthquake there was an international effort aimed at sending relief materials. In order to plan 
these relief operations there was a requirement for rapid assessment of the magnitude of damage. In an unprecedented 
move satellite imagery was made available freely by Google and other satellite imaging companies, for both pre and 
post-earthquake periods for direct comparison. In this section the satellite imagery for the port facility will be 
considered. 

In Figure 7 a pre-earthquake satellite image is shown from 29th August 2009. In this figure the undamaged south pier 
can be seen along with several ships undergoing loading operations. Similarly the north pier extends beyond the two 
large covered storage structures with two ships undergoing loading operations. Comparing Figure 7 to Figure 8 the 
collapsed decks of the south pier, highlighted by a red ellipse can be easily identified. This can also be compared to 
Figure 6 above to identify the lost decks. Also note the small island connected to the south pier that houses the 
Harbour Master’s building. This island has suffered massive settlements owing to soil liquefaction and this will be 
discussed in Section 2.3 separately along with the damage to the connecting bridge and wharf structures. In addition 
the collapsed north pier can be seen in Figure 8 as highlighted by the red rectangle along with the gantry crane shown 
in Figure 5 above.  
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Figure 7 Pre-earthquake satellite image of port             Figure 8 Post-earthquake satellite image of the port  

 This type of direct comparison of pre and post-earthquake satellite images is clearly helpful in identifying the damage 
to large facilities such as ports and harbours. The extent of damage can be estimated rapidly using such imagery. 
However the accuracy of such assessments depends on the resolution of the satellite images that can be obtained. At 
the moment the resolution of civilian satellite images is about 1m to 5m, although higher resolutions of up to 0.15m 
are possible. Another requirement for this type of direct comparison is the availability of pre-earthquake satellite 
images. Again these may not be always readily available.    

2.2 Pictometric Imagery 

Pictometric images are built-up from aerial images taken in sequence and in different directions from an aircraft. The 
resolution of these images is much higher compared to satellite images presented in Section 2.1.  The technique is akin 
to that is used by Street View that works with GoogleMaps in which images taken from a vehicle driving along a street 
are sewn together to offer 3-D images that can be rotated by 360o in horizontal plane and 290o in the vertical plane. 
The pictometric images not only have a higher resolution but offer a 3-D depth perception. As an example of a 
pictometric image of the port is presented in Figure 9. In this figure the collapsed north wharf and the gantry crane can 
be seen clearly. Also the cracks in the backfill owing to lateral spreading are visible, as highlighted by the red circle. 

   
Figure 9 A pictometric image of the port showing collapsed north wharf and gantry crane 
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A pictometric image of the south pier is presented in Figure 10. Again the collapsed decks can be clearly seen in this 
figure. However, the bridge connecting the south pier to the island seems intact in this image as do the Harbour 
Master’s buildings on the island.    

 
Figure 10 A pictometric image of the south pier showing the collapsed decks 

Clearly the amount of detail that is visible in the pictometric image is far higher than the satellite images. In addition it 
offers the ability to rotate the images to offer a different perspective. However, even using these high resolution 
pictometric images it is hard to pick up the settlement of buildings or bridges.  

 

2.3 Settlement of the island 

The island that houses the Harbour Master’s building has settled excessively owing to soil liquefaction and lateral 
spreading. The connecting bridge between this island and the south pier has also suffered damage owing to settlement 
of its piers. The settlement of the island was noted to be about 1m relative to the south pier. A view of the connecting 
bridge is shown in Figure 11. This middle pier of the bridge shown in Figure 11 has also settled relative to the island 
as seen in Figure 12 by about 0.3m. In Figure 12 a tilted electricity pole can be seen that indicates lateral spreading. 

  

 

 

 

 

 

 

 

 

 

Figure 11 Settlement of the connecting bridge                  Figure 12 Bridge settlement relative to the island 
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The damage to the bridge shown in Figure 11 is interesting. It appears that the piles supporting the middle pier have 
settled excessively following liquefaction. This has caused the bridge to ‘self-articulate’ by forming a plastic hinge in 
the concrete at the top of the pier allowing the bridge decks to rotate in opposite directions. In Figure 10 above a small 
wharf structure that extends from the island can be seen on the top left hand corner of the image. This wharf structure 
supported on piles was severely damaged owing to liquefaction induced lateral spreading as shown in Figures 13 and 
14.  

Figure 13 Damaged wharf structure                      Figure 14 Plastic hinges formed at the pile heads 

This type of failure mechanism of the pile groups was previously reported by Madabhushi et al (2009) as one of the 
possible modes of failure for piles in liquefiable soils. Dynamic centrifuge tests were conducted on piles passing 
through laterally spreading soils. In Figure 15 the failure mechanism that matches closely with that seen in Figure 14 is 
presented.  

 
Figure 15 Failure mechanism of a pile group (Madabhushi et al, 2009) 

3 LIQUEFACTION INDUCED LATERAL SPREADING  

There was extensive liquefaction induced lateral spreading that has caused damage to several structures. Some of these 
have been covered earlier. For example, the lateral spreading near the north wharf was quite extensive and could be 
identified from the pictometric image shown in Figure 9. In Figure 16 a ground-truthing image of these cracks formed 
due to lateral spreading is presented. In this figure the extensive nature of these cracks can be seen with crack depths 
of nearly 1m. In the background of this image the collapsed north wharf can be seen. Lateral spreading was also 
observed at other sites within the port area. Using the pictometric images of the port, it was possible to identify the 
lateral spreading. For example, in Figure 17 the extensive lateral spreading that occurred behind a group of six silos 
can be seen. The silo structures themselves were well designed and supported on a concrete raft and did not suffer any 
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damage. However the adjacent structure suffered severe damage due to the lateral spreading, with its back wall 
deforming and roof lost completely, as seen in Figure 17.    

 
Figure 16 Cracks due to lateral spreading       Figure 17 Lateral spreading behind the silo structures 

In addition to the sites in Port-au-Prince, liquefaction and lateral spreading were also observed elsewhere. The EEFIT 
team were able to visit the cities of Leogane and Grand Goave following the route shown in Figure 4. One such site 
near Grand Goave is considered here. The site had a clayey silt layer overlying liquefiable sand layer. A group of 
small houses were built with shallow foundations resting in the clayey silt layer. Following the earthquake, the 
underlying sand layer liquefied and the clayey silt layer suffered lateral spreading towards the beach. In Figure 18 a 
view of the houses is presented. A lateral crack was formed in the clayey silt layer due to the spreading. The houses 
themselves suffered extensive cracking on all the walls owing to the movement. Also the front stairs were detached 
from the structure as shown in Figure 19, as these moved laterally along with the clayey silt layer more than the main 
structure. The foundations of the structures may have resisted the lateral movement somewhat by generating some 
passive soil pressures and causing this differential lateral movement. Despite the extensive cracking of the walls none 
of the buildings have actually collapsed.  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 18 Houses damaged due to lateral spreading              Figure 19 Detachment of stairs 

The GEER team from USA have conducted dynamic CPT tests at sites similar to this. This is reproduced in Figure 20 
below. The data from these tests reveals the presence of a clayey silt layer in the top 3m underlain by a thick deposit of 
silty sand layer. Also the shallow water table can be seen as marked in this figure. Based on this, it can be deduced that 

Lateral spreading
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the silty sand layer has liquefied allowing the clayey silt layer to suffer lateral spreading that caused damage to these 
structures. In fact these structures were newly built and were of good construction quality. Older buildings in the 
vicinity of these structures have completely collapsed.  

 
Figure 20 Dynamic cone penetration test data from Grand Goave (following Rathje et al, 2010) 

4 PRELIMINARY CONCLUSIONS 

The Haiti earthquake of 12th January 2010 has caused extensive damage to man-made structures and has resulted in 
250,000 casualties and nearly a million people injured. While the international community was ready to help, damage 
to the port and harbour facilities severely hampered the flow of aid into Haiti. In this paper, the liquefaction induced 
damage to the port facilities was considered. Use of pre and post-earthquake satellite imagery in damage assessment 
was discussed. It is concluded that large scale damage such as collapsed decks of piers and wharves can be easily 
identified using this technique. In addition a more powerful tool using pictometric images was also considered. These 
images are of higher resolution and therefore make it possible to carryout damage assessment more accurately. Such 
images for the port facility in Port-au-Prince were presented. Using pictometric images even ground cracking due to 
lateral spreading could be identified. The EEFIT mission to Haiti enabled ground-truthing of the aerial imagery. In 
general, it is concluded that ports and harbour facilities are very important and need to function in the immediate 
aftermath of a major earthquakes to enable flow of relief aid. While designing these structures ample care should be 
taken to improve their performance by considering liquefaction-resistant designs.   
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