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ABSTRACT 
 

The extraordinary volume of data that we can generate and access in support of geotechnical 

post-disaster reconnaissance and forensic investigations can be both awe-inspiring and 

overwhelming. To complement the ease of acquiring digital data, it is imperative that we develop 

and adopt parallel capabilities to synthesize and analyze this volume of data to transform it into 

information. The role and benefits of experience should not be disregarded in light of the 

unprecedented volumes of data but at the same time, experience should not inhibit our utilizing 

new information that can be gleaned from the volume of data we are now able to generate and 

access. This paper examines how information availability has evolved and may be used/abused. 

Specific examples of how the role of information in the study of geotechnical problems has 

evolved will be presented. A core tenet of the ideas presented in the paper is that both 

information quantity and quality have important roles to play. 

 
INTRODUCTION 

 

Irrespective of the scale of an event and whether it is a natural or human-induced, post-disaster 

reconnaissance and forensic investigations have a critical role to play in the practice as well as 

the continued advancement of geotechnical engineering as a profession. Observations and 

quantitative measurements of perishable data collected in the immediate aftermath of a disaster 

or failure are critical to both confirming existing knowledge and identifying factors likely to have 

contributed to the observed performance as well as identifying ill-understood phenomena worthy 

of additional study to prevent their occurrence in the future. These type of post-event forensic 

investigations are particularly critical in geotechnical engineering due to the natural variability 

that exists in the materials that geo-structures are built from and on.  

 

In recognition of the importance of such reconnaissance activities, the US National 

Science Foundation supported the establishment of an entity, the Geotechnical Extreme Events 

Reconnaissance (GEER) Association that has responded to disasters and failures worldwide. 

Details of the association and its activities including reports describing the various 

reconnaissance activities it has undertaken are located at www.geerassociation.org . Throughout 

its existence, GEER has focused on the collection of data of the highest quality while at the same 

time, taking a leadership role in deploying new data collection technologies as they become 

available. This technology adoption culture is in particular driven by the desire to collect data 

without impacting the important rescue and recovery processes in the initial aftermath of a 

disaster or failure and at the same time recognizing that these critical activities can obscure 

perishable data that is critical to a robust engineering understanding of an event. In addition, 
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GEER has a core focus of having all data geo-coded so that subsequent integration and use of the 

data by others is readily accomplished, if each piece of data has a unique latitude /longitude 

associated with it. Apart from the inherent value in the high-quality perishable data that is 

collected in GEER post-disaster and post-failure studies, it also serves as a basis for follow-on 

research studies to develop new knowledge and understanding of geotechnical phenomena.  

 

DATA EVOLUTION 

 

The past few decades have seen a dramatic change in the types and amount of data available for 

use in geotechnical studies. A significant factor in this has been the emergence of digital as 

opposed to analog data collection systems. This digital revolution has impacted the collection of 

geotechnical data of all types including from laboratory testing on specimens to site 

characterization using non-invasive and invasive methods to ground/airborne/satellite remotely 

sensed data collection methods. The result of this is that we have access to much larger volumes 

of data which, in general, should be of significantly higher quality and resolution than was 

available even three or four decades ago although the latter assertion related to quality is not 

always realized since the complexity of some of the data collection systems as well as the 

volume of data collected and thus required to be interpreted can exceed our capability to do so. 

These and similar considerations have led to a situation where the current state of practice can be 

summarized as follows: 

 

 “Big Data” does not automatically lead to “Big Knowledge” – the trade-off between 

quantity and quality needs to be carefully managed. 

 It is easy to generate and archive information – doing it well is significantly more 

difficult, particularly if it is to be retrieved and used by others at a later date. 

 Data mining is currently an under-utilized technique – a number of useful tools have been 

developed for mining knowledge from large data sets but have yet to be adopted in main-

stream geotechnical practice. 

 There have been significant advances in the geospatial referencing and representation of 

geotechnical data but it is far from ubiquitous yet.  

 There is an emerging interest in the collection of temporal data – change detection is 

being recognized as a powerful capability. 

 Data quality evaluation protocols and metrics are still lacking – despite the advances in 

techniques to collect large volumes of data, little emphasis has been placed on end-use 

driven data quality. For example, a subsurface sounding may be of very high quality for 

geo-environmental purposes but may lack some critical information to allow it to be 

equally useful for geotechnical purposes.  

 Data representation has not kept pace with the explosion in data quantity and types 

available.  

 

The remainder of this paper presents some examples, at different scales, to illustrate some 

emerging data collection and information extraction capabilities and at the same time highlight 

the limitations and possible impediments to their adoption. Specifically, examples which 

illustrate regional landslide susceptibility, slope instability for an infrastructure component and 

challenges in merging historical and modern data sets in evaluating settlements for a site 

redevelopment are presented.     



 

 

 

REGIONAL LANDSLIDE ASSESSMENTS 

 

Recent major earthquakes around the world have highlighted the challenges of identifying 

geotechnical hazards as well as assessing damage and thus potential additional hazards 

immediately after the earthquake due to the scale of these events as well as the challenging 

topography in some earthquake regions. This is particularly important given that in many cases, 

even after the primary earthquake, significant new hazards are created due to secondary effects 

such as “quake lakes”, tsunami and seasonal rainfall and these can produce additional 
catastrophic events. The availability of remotely sensed information from both before as well as 

immediately after natural disasters has opened up opportunities to address these challenges. In 

particular, this example shows how pre/post remotely sensed information from satellite, airborne 

and ground based imaging can be integrated to provide rapid assessment of continuing hazard. 

The technologies to be integrated range from high-resolution satellite imagery, rapidly deployed 

airborne photographic imagery as well as airborne laser imaging. A number of new GIS based 

analysis tools adapted or developed to facilitate these studies by allowing integration of 

information from the multiple platforms are also noted.  

 

The availability of high resolution pre-post satellite imagery can allow for a much safer 

and more rapid assessment of conditions and future hazard. Figure 1 shows a pre/post high 

resolution image pair for the same area in a mountainous region near the epicenter of the May 12 

Wenchuan, China event just north of the town of Yingxiu. Further, the availability of airborne 

LIDAR can enable geometric information such as slope angle and highway distance to be 

automatically determined thereby enabling a rapid assessment of future hazard. Figure 2 

illustrates a recently developed method (Turel and Frost, 2011) for determining slope geometry 

from a Digital Elevation Model using hydrology tools within a GIS. 



 

 

 

 

Figure 1. Pre and Post Earthquake Image Pair showing Landslide Occurrence near Epicenter 



 

 

 

 

Figure 2. Slope Profile Delineation Using Slope Unit Approach 
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These and similar data tools allow for the engineer/scientist to conduct regional analysis 

“on a desktop”. The ability to merge large data sets and conduct spatial/temporal analysis and 

visualization throughout project design, construction and performance phases is critical. Further, 

with the emergence of “unprecedented scenarios” catalyzed by climate change and associated 
events, our need to perform extensive parametric studies is becoming more critical since our 

ability to rely ono historical events is diminishing in the presence of “new normals”.  
 

INFRASTRUCTURE SYSTEM PERFORMANCE 

 

Ensuring that major highway infrastructure routes remain functional following a major 

earthquake requires significant assessment of potential hazard and associated maintenance 

activities. At the same time, each earthquake provides the opportunity to gain new insights into 

how not only individual components of an infrastructure system performed but also how an 

entire system performs. In contrast to the impacts of the earthquake strong ground motions on 

highway infrastructure in Wenchuan following the May 12, 2008 event which predominantly 

impacted mountainous areas and thus produced many consequences associated with landslides, 

the strong ground motions following the February 27, 2010 event in Chile yielded equally 

significant impacts on the main highway which runs essentially North-South through the country 

yet much of it traverses terrain with low elevation changes.  As the primary highway in that 

country, failures of a number of different elements severely impacted rescue and recovery efforts 

in the days immediately following the event. While relatively rapid highway service was re-

established in the weeks following the event, the loss of sections of the highway due to 

embankment failures as well as the collapse of a number of bridge systems impacted post-

earthquake response activities. As previously illustrated in this paper, the availability of high-

resolution pre and post event satellite imagery along with ground based LIDAR and optical 

images can significantly enhance the insight into causative mechanisms and the guidance of 

future maintenance strategies.  

To illustrate how satellite and ground based imagery can be effectively used in assessing 

not just the performance of an individual component of a highway system but a larger portion of 

such a system, a section of the major North-South Highway (Route 5) in Chile is considered. Pre 

and post satellite images for an approximately 8 km section of the highway were acquired. The 

highway in that region is a four-lane limited access divided highway (two lanes each direction) 

and while the highway grade is essentially flat, it does traverse a number of low lying areas 

where earth embankments were constructed and also a number of bridge structures that traversed 

rivers/ streams and a railway line.  Available high resolution imagery for the study section 

ranged between 0.5 and 1.0 m resolution. 

The similarity in location of embankment failure and embankment slumping sites 

suggests that 3-D effects may yield a lower factor of safety where a sharp corner exists. As seen 

in Figure 3, the embankment failure shows a lateral translation of a large mass of soil on the 

outside corner of a sharp curve.    

 



 

 

 

 

Figure 3. Pre and Post Images Showing Failed Approach Road Overpass Embankment 

The preceding assessment was based on a review of high resolution satellite images only. 

In addition, the failed overpass embankment was also imaged from the ground using both 

LIDAR and optical imaging techniques. The 3-D geometric model resulting from a LIDAR scan 



 

 

of the failed embankment is shown in Figure 4 (Bray and Frost, 2010). The lateral translation of 

the highway embankment is clearly evident in the LIDAR image. Further, the scarp formed 

during the translational spreading of the embankment is clearly evident in the ground based 

photo shown in Figure 5 while the availability of the 3-D geometric model obtained from the 

LIDAR images can be used to calculate lateral displacements as shown in Figure 6.  

 

Figure 4. LIDAR Image of Failed Approach Embankment (courtesy Kayen) 

 

Figure 5. Ground Based Optical Images of Failed Approach Embankment 

 



 

 

 

Figure 6. Interpretation of Translation from LIDAR Image of Failed Approach Embankment 

SETTLEMENT EVALUATION  

 

The redevelopment of a riverfront warehouse site for a new energy generation center provided a 

useful backdrop to evaluate the challenge in merging the results from laboratory specimen based 

consolidation settlement methods with more recent in-situ testing based approaches for 

estimating over-consolidation ratio and thus likely settlements. Of particular interest in this case 

was the relative amount of data and thus estimates of Over Consolidation Ratio (OCR) from 

laboratory testing (2 from oedometer tests) versus those from soundings (23,500 from CPT 

tests). Despite this overwhelming difference in number of estimates (Figure 7), the limited 

number from the laboratory testing dominated the decision making process in the original site 

investigation interpretation and ultimately the evaluation of likely settlement magnitudes.  

 

 
Figure 7. Locations of Test Pits, Borings and CPT Soundings 

A review of the data from this example shows that amongst several factors contributing 

to the outcome, the sequencing of the site investigation phases, errors in initial interpretation of 



 

 

the limited laboratory based estimates, and lack of experience with the in-situ based methods, all 

contributed to a highly conservative decision to categorize the site as normally consolidated 

despite the overwhelming evidence to the contrary.  

 

CONCLUSIONS 
 

The preceding examples at multiple scales have sought to illustrate how the role of information 

is evolving in geotechnical post-disaster reconnaissance and forensic investigation. A number of 

observations are relevant: 

 We are not lacking for information acquisition tools or quantity of information. 

 We need improvements in how information quality is evaluated. 

 We need to recognize that using bad information is detrimental to our assessments. 

 We need to balance our respect for historical experience with the benefits of data 

gathered using new technologies.  

 Post-disaster reconnaissance now involves the acquisition of a range of ground, airborne 

and satellite based techniques. 

 Desktop tools for data mining, analysis, management and visualization provide us with 

exceptional opportunities to conduct parametric “what-if” simulations. 
 We should not be afraid of new types of information which can lead to superior insights. 

 We need to merge information from various sources in an unbiased approach.    
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