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Introduction   
It is often desirable to recreate environments and events based on observed data. Uses of such 

reconstructions are varied, ranging from documentary use to a specific scientific analysis. Computer 

graphics has become a mature discipline used to recreate past events in accurate and realistic detail. In 

this article, we explore the re-creation of a seismic response of a seven-story building based on recorded 

data of a full scale shake table test. This re-creation can potentially be used by structural engineers to 

study and analyze the data, and to understand the structural nuances from a 360-degree viewpoint.  

 

Motivation   
Earthquakes are a major threat in seismically active parts of the world. These seismic zones are 

mainly located near tectonic plate boundaries around the globe (Figure 1). Engineers are trying to design 

structures which can handle onslaughts of earthquakes. To analyze the impacts of an earthquake on a 

building, engineers study the building's structural performance in controlled test environments. 

Earthquakes are created by using Shake Tables. These tests yield a wide range of structural data including 

temporal recordings of stress, strain, displacement, accelerations, etc. In the present case, footage was 

recorded for each experiment by multiple video cameras and sensors recorded the impacts of the shake.  

Such data is typically analyzed by creating tables and plots. There exists no clear way to combine 

textual data with video footage. An intuitive way to tie this data together is to create a visual 

representation. Thus, we set out to create a high quality visualization based on observed and recorded 

data. This visualization can make the results and conclusions of the experiment accessible to people 

beyond the domain experts, thus aiding the dissemination of the knowledge gathered. Our goal was three 

fold: 1) to create an intuitive and useful visualization, 2) to determine the requirements and features of an 

integrated visualization system for use by the engineers and scientists that can be used by the structural 

engineering community in general, and 3) to show that existing animation packages could be leveraged 

for scientific visualization. Before going into further detail on the digital re-creation, a brief overview of 

the seven-story shake experiment and its components is provided.  

 
Figure 1: Global Seismic Hazard Map. The different colors indicate the level of seismic risk in a region. 

Source: Global Seismic Hazard Assessment Program 
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Shake Table  
The Network for Earthquake Engineering Simulation (NEES)/Large High Performance Outdoor 

Shake Table (Figure 2) is a 7.6 meter by 12.2 meter long single degree of freedom (DOF) system with the 

capability of upgrading to 6-DOF. The specifications for the first phase of the facility are a stroke of 

±0.75meters, a peak horizontal velocity of 1.8 meters per second, a horizontal force capacity of 

6.8MegaNewton, an overturning moment capacity of 50MegaNewton-meter for a 400 ton specimen, and 

a vertical payload capacity of 20MegaNewton. The testing frequency range will be 0-20 Hz. Although 

this table is not the largest of its kind in terms of size, the velocity, frequency range, and stroke 

capabilities make it the largest table outside Japan and the world's first outdoor Shake Table. The facility 

[4] will add a significant new dimension and capabilities to existing United States testing facilities with 

no overhead space and lifting constraints.  

 
Figure 2: An isometric section of the Shake Table. The Shake Table is a flat platform shaken by 

hydraulic shafts as shown. An animation of Shake Table operation is availble at the project website [1]. 

Source: NEES at UCSD 
 

Seven-Story Building   

The test structure is a slice of a seven-story residential building, 65-foot tall and 275 tons in 

weight. The building has structural walls as the lateral force-resisting system. A full scale replica of the 

building was created (Figure 3). The building consists of a main 12-foot long rectangular wall and two 

transverse walls which provides lateral and torsion stability during the test. The building is a cast in place 

reinforced concrete structure built on the Shake Table. An extensive network of sensors with more than 

600 channels is used to measure the dynamic response of the building and its surroundings. For our re-

creation, we were restricted to 108 channels of displacement data.  
 

Northridge Earthquake   

On January 17, 1994, one-mile south-southwest of Northridge California an earthquake of 

magnitude 6.7 resulted in 60 deaths, more than 7,000 people were injured, 20,000 left homeless, and more 

than 40,000 damaged buildings in Los Angeles, Ventura, Orange, and San Bernardino Counties. The 

death toll and roughly $40 billion in property damage prompted professional structural engineers to call 

for more scientific testing of mid-rise residential buildings. The recorded seismograms from this 

earthquake were used for this experiment.  
 

The Experiment  
Ground motions associated with the Northridge earthquake were recorded at a hotel in Van Nuys, 

farther away from the epicenter of the earthquake. Since empirical data was available for a seven-story 

building, the proponents of the experiment chose to reconstruct the impacts of the earthquake on a slice of 

the seven-story building. The ground forces recorded at the Van Nuys location were recreated on the 

Shake Table. The shake tests were done in different phases with varying forces on the Shake Table. 

Panagiotou et al. [6, 7] describe the details and findings of this experiment. Here we concern ourselves 

with visualization of phase 1 data. 


