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Abstract:  Barriers to the development of suitably-comprehensive and quantitatively-reliable computational tools 
include a lack of dense experimental test data, tools for the visualization, analysis, and comparison of data from tests with 
computational predictions, and formal methods for the calibration and validation of numerical models. Recent 
advancements in instrumentation technology now make it possible to collect an unprecedented level of detailed 
information about the response of test structures. New tools and procedures for the visualization, analysis, and use of this 
test data for the development of improved computational models are demonstrating great potential. As a research 
community, we are entering a new era where the value of our experiments will be judged by the level and organization of 
the collected test data, was well as the value of this data for the advancement of numerical models that support design and 
analysis practice. Advancements and challenges in instrumentation, data-visualization, and model validation are explored 
in this paper. 

 
 
1.  INTRODUCTION 
 

Recent advances in measurement techniques make it 
possible to accurately measure the detailed response of test 
structures. These measurement systems can provide the 
point-wise displacements and strains at thousands of 
locations as well as full-field surface damage and 
deformation assessments. This is a particularly important 
advancement for understanding the behavior of concrete 
structures in which there is a highly complex and non-linear 
distribution of deformations that is controlled by concrete 
cracking, spalling, and local crushing, reinforcement 
yielding, buckling, and slip, and many other complex and 
poorly understood and modeled phenomena. This level of 
detail in experimental measurements is now beginning to 
approach the level of detail that finite element methods 
predict about structural behavior.  

Such volumes of data and the multiplicity of 
measurement sources overwhelm traditional methods of data 
analysis; spreadsheets and other somewhat more advanced 
vector-based analysis tools. A major obstacle for complete 
data analysis has been the difficulty and tremendous effort 
required to examine all experimental data, to correlate data 
from large number of channels and different sources, and to 
understand the relevance of measurements in the context of 
where they are in the structure and its loading history. A 
significant need thereby exists for data analysis 
environments in which researchers can visualize, synthesize, 
and explore the measured data from multiple arrays of data 
and images sources within the coordinate space of the 
physical test structure. These types of visualization and 

analysis tools enable a greatly improved exploration and 
understanding of the measured behavior of the test structure 
and the discovery of new phenomena. This allows for the 
development, calibration and validation of more 
comprehensive and quantifiably-accurate non-linear finite 
element analysis tools (Gallagher, 1995). 

Structural Engineers are justifiably cautious or reluctant 
to use present-day non-linear computation tools in design 
and analysis practice due to the uncertainties in the accuracy 
(reliability) of these tools for predicting all aspects of 
behavior including force and deformation capacity, modes of 
failure, and performance under all load levels. If the 
profession of structural engineering is to advance beyond its 
primary reliance on linear elastic analysis tools and the 
relationships and guidance in codes-of-practice, then a path 
forward is needed to support the development and use of 
suitably reliable non-linear computational models. This path 
forward must include archives of dense experimental test 
data, methods for model calibration and validation, and 
support for the use of non-linear analysis methods in 
professional practice.  

This paper will present a summary of recent 
advancements in instrumentation, data-visualization, 
data-analysis, and the validation of computation tools. Two 
case studies are used in this discussion to demonstrate the 
potential of these advancements. This paper will conclude by 
presenting opportunities for the validation and use of 
non-linear computational tools in codes-of-practice.  
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2.  INSTRUMENTATION METHODS 
 
Over the last two decades there have been significant 
advancements in instrumentation technologies that now 
enable the collection of an unprecedented level and accuracy 
of experimental test data. Three of the key advancements 
have been in the collection of comprehensive displacements 
and strains as well as image analysis methods as 
summarized below.  
 
2.1  Dynamic Coordinate Measurement Machines 
(CMMs) 

 
Researchers have principally relied upon the use of 

displacement transducers for tracking the overall movements 
and relative displacements within test structures. Due to the 
cost, effort-requirement, and size of displacement 
transducers, it has not been possible to collect dense 
information about the response of structures. A more 
complete record of structural deformation can now be made 
through the use of Dynamic CMMs that can track the 
movement of hundreds and thousands of points in three 
dimensional space to accuracies down to a hundred of a 
millimeter and at up to thousands of readings per second. 
The underlying technology for these devices involve the 
tracking the movements of Light-Emitting Diodes (LEDs) 
along linear Charged Coupling Devices (CCDs), the analysis 
of dense high-definition digital images for identifying the 
position of reflective or high-contrast targets, and the use of 
laser-based technologies. These instruments all provide a 
complete x, y, z displacement time histories for all selected 
target points. These instruments are now in use in many 
structural engineering research laboratories. 
 
2.2  Full-Field Displacement and Strain Measurements 

 
Two methods for collecting comprehensive information 

on the surface straining of a structure are Digital Photoelastic 
Methods and Digital Image Correlation (DIC). In the former, 
a transparent coating is allied to the surface of the structure 
that is then subjected to a polarized light source. The 
birefringence properties of this coating are used in the 
reflected light so to measure the biaxial state of surface 
strains to an accuracy of about .5% of the selected range of 
measurements. In DIC, a random speckle pattern is sprayed 
onto the surface of the structure under study and then 
high-definition cameras are used to monitor the moving or 
deforming pattern of this speckle pattern. From this, both 
full-field strains and deformations can be obtained with 
accuracies down to around 100 microstrain and at 
measurement rates of up to 50 Hz.   
 
2.3  Customized Image Analysis Technologies 

 
Digital image analysis tools enable users to use 

photographic images to detect and characterize regions of 
damage including the location, width and slip along cracks, 
as well as regions of spalling and any other visual features of 

a structures response.  
 
2.4  Example Implementations 

 
The authors have used many of these technologies in their 
research for more fully understanding the behavior of tested 
concrete structures. For example, the Metris/Krypton 
Coordinate Measurement Machine was used to track the 
surface deformations the web faces of large prestressed 
concrete girders as shown in Figure 1. As another, the 
principles of close-range digital photogrammetry (Mikhail, 
2001) were applied to the images from high-resolution 
cameras to evaluate the position and development of 
cracking throughout the loading history on these same 
prestressed girders as shown in Figure 2 (Russ, 1992). 

 
Figure 1  Light-Emitting Diode Targets Spacing on 
125-mm Grid on Test Girder 

 
Figure 2  Evaluation of Accurate Crack Maps Using Image 
Processing and Photogrammetry Techniques 
 
 
 
 

(1) Image Acquisition (2) Crack Detection

(4) Coordinate Transformation       (3) Camera Calibration

(5) Crack Merging
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3.  DATA VISUALIZATION AND ANALYSIS 
 
     While powerful tools have been developed for the 
visualization and analysis of numerical simulation data, 
researchers have principally relied upon the use of simple 
plotting tools for exploring the results from tests. While this 
approach may be suitable when only dozens of individual 
measurements are being examined, it is completely 
inadequate when more comprehensive data has been 
collected such as of the types described above. What has 
been needed is a data-visualization and analysis environment 
that can bring together the measured experimental data from 
all sources and combine this with the geometry and material 
properties of the complete test setup. A prototype program, 
named ExVis for Experimental Visualization was developed 
for this purpose.  
 
3.1  ExVis Overview 

 
ExVis is an object oriented program (Booch 1991, 

1993) that was written for understanding the response of 
planar concrete structures whose response was captured by 
vector strain and displacement data and high-resolution still 
images. The available objects within the ExVis environment 
consist of the full geometry of the test structure, material 
properties, all instrumentation, and interpreted photographic 
data. All objects have as needed both temporal and spacial 
data in which two-way linked lists in a relational database 
system are used to correlate and use information with other 
ExVis functions. Examples of objects that can be 
individually identified in ExVis include all sections of the 
concrete structure as well as each reinforcing bar, loading 
device, support, strain gage, displacement transducer, 
Krypton LEDs, and crack. ExVis was written in Visual C++ 
and uses traditional MS window features for scrolling, 
zooming, and selecting objects. 
 
3.2  ExVis Data-Visualization and Exploration 

 
With ExVis, users may select a combination of 

measurements to view simultaneously. As an illustration, 
consider the ExVis screen shot that is shown in Figure 3 and 
in which the user has selected to zoom in on a section of the 
girder near the left-hand side support and to display the 
measured cracking pattern, location of selected instruments 
and strain in a particular strain gage 2-1.  

Figure 4 presents a segment of a screen shot that 
displays the pattern of straining in a stirrup as measured by 
four gages along the length of this stirrup. The length of the 
horizontal line at each gage on the selected reinforcing bar is 
proportional to its magnitude. The pattern of cracking is also 
shown and illustrates that the strains in the stirrup are highest 
near the locations at cracking at this point in the loading 
history. Through this, ExVis enables the quantification of 
bond performance and tension stiffening relationships within 
the context of a realistically complex state of stress. 

 
 

 
Figure 3  Screen Shot of ExVis Environment 

 

 
Figure 4  Distribution of Strain Along a Stirrup Based on 
Four Strain Gages with Crack-Pattern Overlay 

 
3.3  ExVis Advanced Structural Analysis 

 
In addition to being able to simultaneously view 

multiple aspects of structural response, tools such as ExVis 
need to enable more complete structural assessments. An an 
example of this extended functionality, ExVis enables the 
user to create Crack-Based Free Body Diagrams (FBD) in 
which the FBD diagram is automatically built and acting 
forces are automatically evaluated along all boundaries. See 
Figure 5. With this FBD and using the measured strains in 
the stirrups that cross the selected crack, the constitutive 
properties of the reinforcement, and the forces in the vertical 
loading jacks, the contribution of both stirrups and of the 
concrete to shear resistance over the loading history can be 
automatically calculated as shown in Figure 6 for one girder. 
This type of functionality made it possible to evaluate the 
load share for more than 300 crack-based FBD in this girder 
testing program. This is but one example of the type of 
needed advanced functionalities.  
 
 

Status bar    Visualization Window     Text Output Window    Data Curve Window
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Figure 5  Crack-Based Free Body Diagram for Evaluation 
for Evaluation of Components of Resistance 
 

Figure 6  Measured Components of Shear Resistance (1 kip 
= 4.4482 kN) 
 
4.  MODEL VALIDATION 
 
     The common means of assessing the accuracy of a 
computational tool has been to compare the overall 
load-deformation responses by the computational tool with 
those measured by selected laboratory test structures. While 
this may be an effective approach when a narrow range of 
structures is being examined and when the mode of failure is 
well understood, it does not provide for a comprehensive 
evaluation of the computational tool. With advances in 
instrumentation technology, coupled with the development 
of data-visualization and analysis environments such as 
ExVis, it is now possible to make more complete 
assessments of computational tools with respect to their 
ability to predict all aspects of performance.  
 
4.1  Developments in Model Validation 

 
With the development and use of computational models 

across a spectrum of engineering disciplines and sciences, 
there have now been significant efforts in some fields to 
develop formal validation procedures (e.g. AIAA 1998; 
Department of Defense 2006; Oberkampf et al. 2003). One 
of these efforts is through the American Society of 
Mechanical Engineering committee on Verification and 
Validation in Computational Solid Mechanics (VnVCSM). 
This group has published a number of noteworthy white 
papers and guidelines that provide a useful framework and 
procedures that are applicable to the fields of structural and 
earthquake engineering (ASME 2006). They use the Sargent 
Circle (Schlesinger et al. 1979) to describe the 
interrelationships of the components of the VnV process as 
shown in Figure 7. There are three entities in this circle; the 
Reality of Interest (Structure or System), the Conceptual 
Model (Underlying Behavioral Models and Failure 
Theories), and the Computational Model (Computational 
Tool/Finite Element Analysis Package). A formal evaluation 
of the effectiveness of an analytical tool requires that 
verification and validation activities be carried out between 
these entities. The selected conceptual model for all portions 
of the structure or system under examination must be 
appropriate for the types of phenomena and aspects of 
performance being investigated. These conceptual models 
must be properly implemented within the computational 
model such that the sensitivity of the predicted behavior to 
all assumptions is well understood and compensated for. 
Finally, the predictions of the computational model for all 
aspects of the performance under examination must be fully 
assessed. Guidelines for the use and validation of linear and 
non-linear computational tools for the design and analysis of 
concrete structures are being published by the federation 
international du beton (fib).  

As part of any model validation exercise, it is essential 
that the user starts by defining the goals for the use of the 
computational model so that the types of comparisons and 
sensitivity studies to be made can be properly selected. To 
the extent possible, the results of comparisons should be 
quantitative and with defined levels of certainty. However, 
given limitations in most analytical models and available test 
data, in some cases only qualitative comparisons are 
possible.  
 

Figure 7  Sargent Circle 
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4.2  Validation Example 
 
A validation exercise was completed for the use of a 

particular computational tool for predicting the shear 
behavior of 20 large prestressed concrete girder tests that 
were conducted at the University of Illinois and that made 
use of advanced measurement system and the ExVis 
program. The specific computational tool examined was 
program VecTor2 (Wong and Vecchio 2002) that employs 
the conceptual model of the Modified Compression Field 
Theory (Vecchio and Collins 1986). This validation exercise 
assessed the ability of the computational tool to predict the 
cracking strengths and ultimate capacity, the stiffness of the 
overall response, the shear response of the webs, cracking 
patterns and widths, and modes of failure. Since qualitative 
assessments are less common, two examples are now used to 
illustrate their value and current necessity.  

In Figure 8, a comparison is made between the 
predicted and measured state of cracking in a test girder. As 
shown, VecTor2 predicted well the extent, angle, and widths 
of the cracking throughout this structure. Note that the lines 
within the elements of the VecTor2 prediction indicate 
whether or not cracking is expected within the region of 
each element rather than showing the location of a discrete 
crack. Figure 9 compares the VecTor2 predicted state of 
compressive stress in the right end region of a girder in the 
last converged load step versus the pictorially observed 
condition of the girder just prior to an explosive failure. 
Figure 9a provides the ratio of the principal compressive 
stress in each element to the principal compressive stress 
capacity; the image indicates that the mode of failure is 
expected to be due to diagonal crushing above the support. 
This mode of failure is visually confirmed in Figure 9b.    

 The results of this full model validation exercise 
provided a quantitative and qualitative assessment of a 
computational tool’s predictive capabilities and thereby 
illustrated that this tool could be effectively used with 
calculable levels of reliability to predict many aspects of the 
performance of prestressed concrete girders.  
 

Figure 8  Predicted and Measured State of Cracking in 
Tested Prestressed Girder 
 
4.3  Ongoing Validation-Focused Projects 

As described above, advanced instrumentation devices, 
data-visualization and analysis methods, and model 
validation procedures were used in a recent girder testing 

project. These methods are being used and expanded upon in 
an ongoing NEES research project being led by researchers 
at the University of Washington, Illinois, and UCLA. The 
experimental research program is being conducted in the 
Newmark Structural Engineering Laboratory on the design 
and behavior of complex structural walls. In this program, 
component tests are being conducted on the bottom three 
stories of structural walls that are part of high-rise structures. 
The actions at this third storey level of axial load, moment, 
and shear are based on the performance of the full height 
wall and are being imposed on the test structures using the 
Loading and Boundary Condition Boxes at the Illinois 
NEES facility as shown in Figure 10. Some of the 
instrumentation, data-visualization, and model validation 
extensions in this testing program are: 
▪ use of close-range photogrammetic system for measuring 
point-wise displacements 
▪ development of much-more extensive crack mappings 
▪ using as-built layout of reinforcement and gage locations 
▪ formatting of all data for ingestion in a community (NEES) 
repository 
These activities are central to the objectives of the NEES 
program and overall NSF digital archive initiatives to 
archive complete information from conducted research 
projects in a form that is more broadly useful to the national 
and international communities. 

Figure 9  Comparison of Predicted and Observed Mode of 
Failure 

Figure 10  Component Test on Bottom Three Stories of 
Structural Wall 

   

     

Concrete Crushing

(a) Predicted Ratio of 
Compressive Stress to 
Compressive Strength in 
Each Element by VecTor2 

(b) Observed Response of 
Lower Web Near Right Support
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5. CONCLUSIONS AND FUTURE NEEDS 
 

In order for the structural engineering profession to 
advance beyond a primary reliance on linear-elastic analysis 
methods and empirical codes-of-practice to an integrated 
non-linear analysis and design environment, computational 
tools are needed that have quantifiable levels of accuracy for 
all aspects of performance for which structures need be 
designed. This will require that experiments and research 
program have well-defined numerical model validation and 
development objectives.  

Recent advancements in instrumentation technologies 
as well as experimental data-visualization and analysis 
techniques provide the tools for conducting more complete 
model-validation exercises and can produce quantifiably 
accurate non-linear computational tools for use in integrated 
non-linear design and analysis practice. To achieve this goal, 
the following is needed: 

1.) More extensive use of advanced instrumentation 
methods in experimental research studies. 

2.) Improved and more complete assessments of 
material properties.  

3.) More complete consideration of previous conducted 
research in the design of experimental testing programs. 

4.) Data-visualization tools for the more comprehensive 
examination of experimental test data and for direct 
comparison of test data with the predictions of 
computational methods. 

5.) Improved archival and structuring of test data for its 
examination with visualization tools and for use in model 
validation activities. 

6.) The establishment of formal procedures for 
validating models for all aspects of critical structural 
performance. 

7.) The selection by code-of-practice committees of 
benchmark tests to use for model validation activities. 
 
Many of the key ideas expressed throughout this paper are 
summarized in the video that is available at: 
http://dankuchma.com/ExVis/ExVis.avi 
 
Acknowledgements: 

The authors wish to acknowledge the support of the US 
National Cooperative Highway Research Program, the 
Precast/Prestressed Concrete Institute, and the National Sciences 
Foundation Network for Earthquake Engineering program.  
 
References: 
Gallagher, R. S. (1995). “Computer visualization: graphics 

techniques for scientific and engineering analysis,” CRC, Boca 
Raton, Florida. 

Mikhail, E.M., Bethel, J.S., and McGlone, J.C. (2001), 
“Introduction to Modern Photogrammetry,” Wiley, New York. 

Russ, J. C. (1992), “The Image Processing Handbook,” CRC Press, 
Boca Raton, Florida. 

Booch, G. (1991), “Object-Oriented Design with Applications,” 
Benjamin/Cummings Publishing, Redwood City, Calififornia. 

Booch, G. (1993), “Object-Oriented Analysis and Design with 
Applications,” Benjamin/Cummings Publishing, Redwood City, 

California. 
Oberkampf, W. L., Trucano, T. G., and Hirsch, C. (2003). 

"Verification, Validation, and Predictive Capability in 
Computational Engineering and Physics." Sandia National 
Laboratories (Albuquerque). 

AIAA. (1998). “Guide for the Verification and Validation of 
Computational Fluid Dynamics Simulations,” American 
Institute of Aeronautics and astronautics, Reston, VA. 

Department of Defense. (1994). "DoD Directive No. 5000.59: 
Modeling and Simulation (M&S) Management." Defense 
Modeling and Simulation Office, Office of the Director of 
Defense Research and Engineering <www.dmso.mil/docslib>  

ASME PTC 60 Committee. (2006). "Guide for Verification and 
Validation in Computational Solid Mechanics." American 
Society of Mechanical Engineers, New York. 

Schlesinger, S. (1979). "Terminology for model credibility." 
Simulation, 32(3), 103-104. 

Wong, P. S., and Vecchio, F. J. (2002). “Vector2 and Formworks 
User's Manual,” Toronto. 

Vecchio, F. J., and Collins, M. P. (1986). "The Modified 
Compression-Field Theory for Reinforced-Concrete Elements 
Subjected to Shear." Journal of The American Concrete Institute, 
American Concrete Institute, 83(2), 219-231. 

 
 
 
 
 
 
 

 
 

- 172 -



- 173 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 174 -



- 175 -



- 176 -



- 177 -



- 178 -



- 179 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 180 -



- 181 -



- 182 -



- 183 -



- 184 -



- 185 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 186 -



- 187 -



- 188 -



- 189 -



- 191 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 192 -



- 193 -



- 194 -



- 195 -



- 196 -



- 197 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 198 -



- 199 -



- 200 -



- 201 -



- 202 -



- 203 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 204 -



- 205 -



- 206 -



- 207 -



- 208 -



- 209 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 210 -



- 211 -



- 212 -



- 213 -



- 214 -



- 215 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 216 -



- 217 -



- 218 -



- 219 -



- 220 -



- 221 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 222 -



- 223 -



- 224 -



- 225 -



- 227 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 228 -



- 229 -



- 230 -



- 231 -



- 232 -



- 233 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 234 -



- 235 -



- 236 -



- 237 -



- 238 -



- 239 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 240 -



- 241 -



- 242 -



- 243 -



- 244 -



- 245 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 246 -



- 247 -



- 248 -



- 249 -



- 251 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 252 -



- 253 -



- 254 -



- 255 -



- 256 -



- 257 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 258 -



- 259 -



- 260 -



- 261 -



- 263 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 264 -



- 265 -



- 266 -



- 267 -



- 268 -



- 269 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 270 -



- 271 -



- 272 -



- 273 -



- 274 -



- 275 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 276 -



- 277 -



- 278 -



- 279 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 280 -



- 281 -



- 282 -



- 283 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 284 -



- 285 -



- 286 -



- 287 -



- 288 -



- 289 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 290 -



- 291 -



- 292 -



- 293 -



- 294 -



- 295 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 296 -



- 297 -



- 298 -



- 299 -



- 300 -



- 301 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 302 -



- 303 -



- 304 -



- 305 -



- 306 -



- 307 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 308 -



- 309 -



- 310 -



- 311 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 312 -



- 313 -



- 314 -



- 315 -



- 316 -



- 317 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 318 -



- 319 -



- 320 -



- 321 -



- 322 -



- 323 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 324 -



- 325 -



- 326 -



- 327 -



- 328 -



- 329 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 330 -



- 331 -



- 332 -



- 333 -



- 335 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 336 -



- 337 -



- 338 -



- 339 -



- 340 -



- 341 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 342 -



- 343 -



- 344 -



- 345 -



- 346 -



- 347 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 348 -



- 349 -



- 350 -



- 351 -



- 353 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 354 -



- 355 -



- 356 -



- 357 -



- 358 -



- 359 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 360 -



- 361 -



- 362 -



- 363 -



- 365 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 366 -



- 367 -



- 368 -



- 369 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 370 -



- 371 -



- 372 -



- 373 -



- 374 -



- 375 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 376 -



- 377 -



- 378 -



- 379 -



- 380 -



- 381 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 382 -



- 383 -



- 384 -



- 385 -



- 386 -



- 387 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 388 -



- 389 -



- 390 -



- 391 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 392 -



- 393 -



- 394 -



- 395 -



- 396 -



- 397 -



- 398 -



- 399 -



- 400 -



- 401 -



- 402 -



- 403 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 404 -



- 405 -



- 406 -



- 407 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 408 -



- 409 -



- 410 -



- 411 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 412 -



- 413 -



- 414 -



- 415 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 416 -



- 417 -



- 418 -



- 419 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 420 -



- 421 -



- 422 -



- 423 -



- 424 -



- 425 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 426 -



- 427 -



- 428 -



- 429 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 430 -



- 431 -



- 432 -



- 433 -



- 435 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 436 -



- 437 -



- 438 -



- 439 -



- 441 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 442 -



- 443 -



- 444 -



- 445 -



- 446 -



- 447 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 448 -



- 449 -



- 450 -



- 451 -



- 452 -



- 453 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 454 -



- 455 -



- 456 -



- 457 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 458 -



- 459 -



- 460 -



- 461 -



- 463 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 464 -



- 465 -



- 466 -



- 467 -



- 469 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 470 -



- 471 -



- 472 -



- 473 -



- 474 -



- 475 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 476 -



- 477 -



- 478 -



- 479 -



- 480 -



- 481 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 482 -



- 483 -



- 484 -



- 485 -



- 486 -



- 487 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 488 -



- 489 -



- 490 -



- 491 -



- 492 -



- 493 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 494 -



- 495 -



- 496 -



- 497 -



- 498 -



- 499 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 500 -



- 501 -



- 502 -



- 503 -



- 504 -



- 505 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 506 -



- 507 -



- 508 -



- 509 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 510 -



- 511 -



- 512 -



- 513 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 514 -



- 515 -



- 516 -



- 517 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 518 -



- 519 -



- 520 -



- 521 -



- 523 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 524 -



- 525 -



- 526 -



- 527 -



- 529 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 530 -



- 531 -



- 532 -



- 533 -



- 534 -



- 535 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 536 -



- 537 -



- 538 -



- 539 -



- 540 -



- 541 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 542 -



- 543 -



- 544 -



- 545 -



- 546 -



- 547 -



- 548 -



- 549 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 550 -



- 551 -



- 552 -



- 553 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 554 -



- 555 -



- 556 -



- 557 -



- 558 -



- 559 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 560 -



- 561 -



- 562 -



- 563 -



- 564 -



- 565 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 566 -



- 567 -



- 568 -



- 569 -



- 570 -



- 571 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 572 -



- 573 -



- 574 -



- 575 -



- 576 -



- 577 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 578 -



- 579 -



- 580 -



- 581 -



- 582 -



- 583 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 584 -



- 585 -



- 586 -



- 587 -



- 588 -



- 589 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 590 -



- 591 -



- 592 -



- 593 -



- 594 -



- 595 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 596 -



- 597 -



- 598 -



- 599 -



- 601 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 602 -



- 603 -



- 604 -



- 605 -



- 606 -



- 607 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 608 -



- 609 -



- 610 -



- 611 -



- 612 -



- 613 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 614 -



- 615 -



- 616 -



- 617 -



- 618 -



- 619 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 620 -



- 621 -



- 622 -



- 623 -



- 624 -



- 625 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 626 -



- 627 -



- 628 -



- 629 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 630 -



- 631 -



- 632 -



- 633 -



- 635 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 636 -



- 637 -



- 638 -



- 639 -



- 640 -



- 641 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 642 -



- 643 -



- 644 -



- 645 -



- 647 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 648 -



- 649 -



- 650 -



- 651 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 652 -



- 653 -



- 654 -



- 655 -



- 657 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 658 -



- 659 -



- 660 -



- 661 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 662 -



- 663 -



- 664 -



- 665 -



- 666 -



- 667 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 668 -



- 669 -



- 670 -



- 671 -



- 672 -



- 673 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 674 -



- 675 -



- 676 -



- 677 -



- 678 -



- 679 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 680 -



- 681 -



- 682 -



- 683 -



- 684 -



- 685 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 686 -



- 687 -



- 688 -



- 689 -



- 690 -



- 691 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 692 -



- 693 -



- 694 -



- 695 -



- 697 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 698 -



- 699 -



- 700 -



- 701 -



- 702 -



- 703 -



- 704 -



- 705 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 706 -



- 707 -



- 708 -



- 709 -



- 710 -



- 711 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 712 -



- 713 -



- 714 -



- 715 -



- 716 -



- 717 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 718 -



- 719 -



- 720 -



- 721 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 722 -



- 723 -



- 724 -



- 725 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 726 -



- 727 -



- 728 -



- 729 -



- 730 -



- 731 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 732 -



- 733 -



- 734 -



- 735 -



- 736 -



- 737 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 738 -



- 739 -



- 740 -



- 741 -

Fifth International Conference on Urban Earthquake Engineering
March 4-5, 2008, Tokyo Institute of  Technology, Tokyo, Japan



- 742 -



- 743 -



- 744 -




	Cover
	PREFACE
	TABLE OF CONTENTS
	Keynote Lectures
	Management of Worldwide Earthquake Risks for Business and Industry, Including Direct Losses, Business Interruptions, and Financial Losses
	Scalable Wireless Sensor Networks for Structural Monitoring
	New Developments of Strong Motion Prediction Learning from Recent Disastrous Earthquakes 
	Modeling & Monitoring Tall Buildings

	Engineering Seismology
	Earthquake Early Warning - Provision to General Public and Future Prospect -
	Experiments of Earthquake Early Warning to Expressway Drivers Using Synchronized Driving Simulators
	Application of Earthquake Early Warning System to a High-Rise Building in Tokyo, Japan, Considering Long-Period Strong Ground Motion
	On-Site Alarm - the Effective Earthquake Early Warning
	Effect of Long-distance Sumatra Earthquakes on High-rise Buildings in Singapore
	Verification of the National Seismic Hazard Maps for Japan with Actual Observed Strong Motions by K-Net in Last Decade
	Damage and Ground Motion of the December 26, 2006 Pingtung Earthquake
	Seismic Behavior of Office Furniture in High-Rise Building due to Long-Period Ground Motion
	Modified Semi Empirical Technique for Prediction of Strong Ground Motion 
	Complex Faulting Process and Prediction of Strong Ground Motion from Crustal Deformation
	Detailed Study on Ground Structure around Hsinchu City, Taiwan unsing Gravity and Microtremor Surveys
	Exploration of Underground Structure for Estimation of Ground Motion in Fukuoka Area and Practical Use to the Earth Science Education
	Waveform Inversion of Shallow Seismic Refraction Data Using Hybrid Heuristic Search Method
	Strong Motion Simulation and Modeling of the 2001 Geiyo (Mj6.7), Japan, Earthquake, Using the Empirical Green’s Function Method
	An Estimation of Strong Motions in the Damaged Areas for the Noto Hanto Earthquake in 2007 Using Ground Motion Data from Aftershock Observations
	A Study on Evaluation of The Phase Spectra from Small Earthquake Records
	Characteristics of High Resolution Satellite Image at Different Land Use Units for Detailed Geomorphologic Classification Mapping
	Recognition of Nonlinear Site Response Applying the Moving Window Spectral Ratio Method
	A New Spectral Representation of Strong Motion Earthquake Data: Hilbert Spectral Analysis of Taipower Building Station, 1994~2006
	Time Domain BEM Analysis of a Cylinder Embedded in Soil with Anisotropy

	Concrete Structures
	Effect of Active Confinement on Shear Behaviors of High-Strength Concrete Columns Prestressed Laterally
	Evaluation of Earthquake Damage of Reinforced Concrete Buildings in Niigata Prefecture
	Performance of Hybrid System with Corrugated Steel Shear Panel installed in RC Frames
	A Convenient Seismic Retrofit Technique of Soft Story RC Buildings
	Dynamics and Control of Building Structures by Constraints
	Collection and Analysis of Dense Experimental Test Data
	Seismic Retrofit of Gravity-Load-Designed Concrete Structures
	Size Effect on the Shear Strength of RC Deep Beams
	Gravity Load Collapse of Reinforced Concrete Columns
	An Analytical Study on Seismic Behavior of Multi-Story RC Frames with Shear-Failure Type Partial Walls
	Collapse Simulation of Reinforced Concrete Structure Uunder Seismic Excitation
	Evaluation on Residual Load Carrying Capacity of Corroded RC Beams by 3D Lattice Model Analysis
	The Experimental Research of Ductility and Energy Dissipation of Steel Fiber Reinforced Concrete Shear Wall
	Dynamic Collapse Tests of Miniature Reinforced Concrete Frames under High-Gravity Field Using Large Centrifuge
	Experimental and Numerical Studies on The Damage of Concrete Column under Impulsive Loading
	Shear Failure of Short Cantilever RC Columns under Cyclic Loading: Experiment and Analysis
	The Influence of Segmental Length on the Shear Behavior of Segmental Concrete Members
	Evaluation of the Local Behavior of Recycled Concrete under Cyclic Loading by Using Image Analysis

	Geotechnical Earthquake Engineering
	Generalized Scaling Relations for Dynamic Level Ground Response 
	Experimental Evaluation of Stress State around Pile Group During Lateral Flow of Liquefied Soil
	Geotechnical Centrifuge Tests on the Lateral Response of Double-Pile Group Subjected to Laterally Spreading Liquefied Sand
	Observed Airport Facilities Performance during Liquefaction by Controlled Blast in Ishikari Bay New Port, Hokkaido
	Centrifuge Model Tests on Soil De-Saturation as a Liquefaction Countermeasure
	Simple Shear Tests on Sand Improved by Cement in Grid Pattern
	Numerical Simulation of Liquefaction Process of Unsaturated Soil
	Evaluation on Performance of Existing Pile Foundation against Seismic Soil Displacements
	Dynamic Soil Behavior and Rock Outcrop Motion Back-Calculated from Downhole Array Records at Kashiwazaki-Kariwa Nuclear Power Plant in the 2007 Niigata-ken Chuetsu-oki Earthquakes
	Effects of Local Site Amplification on Damage to Wooden Houses in Near-Source Region for the 2007 Noto Hanto Earthquake
	Centrifuge Modeling of Rocking of Shallow Foundations for Bridges
	Cyclic Softening of Low-Plasticity Clay and Its Effect on Seismic Foundation Performance
	Developments in Dynamic Centrifuge Modelling:The UK-NEES Project
	Physical Modelling on Seismic Performance of Underground Structures
	Influencing Parameters for the Behavior of Moderately Buried HDPE Pipelines Subject to Seismic Ground Faulting
	Effect of Excavation on the Seismic Behavior of Adjacent Tunnel
	Effects of Lateral Response of Embedded Footing on Piles during Soil Liquefaction
	Preliminary Analysis on Seismic Responses of Quay Wall Modeled in Centrifuge Shaking Table Tests Using Hilbert-Huang Transform
	Effects of Shear Strain Increase on p-y Spring for Pile Foundations in Non-Liquefied Ground
	Mechanical Behavior of Pile-Sheet Pile Combined Foundation Subjected To Lateral and Moment Loading
	Nonlinear Stress-Strain Relation of Sand for Expanding Dynamic Analysis
	Effects of Stress Releasing of Ground on Seismic Stability of Tunnel
	Model Tests on Behavior of Tunnels under Deformation of the Ground upon Earthquake
	Eccentric Building Pounding Considering Effects of Underlying Soil
	Practical Three-Dimensional Effective Stress Analysis Considering Cyclic Mobility Behavior
	A Study on Dynamic Characteristics of the Edge of Diluvial Terrace

	Tsunami
	Tsunami Hazard and Forecast Study in South China Sea
	Calibration of Tsunami Loading on a Damaged Building
	Behavior of a Reinforced-Concrete Building under Tsunami Loading Patterns by Full-Scale Pushover Test
	Challenges for Tsunami Disaster Reduction by National Highway Administrators
	Application of Greenbelt to Mitigate Tsunami Hazard
	Deep-Sea Survey for Development of Offshore Network Observatory off Kii-Peninsula
	Recent Verification of the Dynamic Tsunami Simulation
	Infrastructure Services in a Time of Disaster: Lessons from the 2004 Indian Ocean Tsunami in Banda Aceh, Sumatra, Indonesia
	Mysterious Small Tsunami in Toyama Bay Caused by the 2007 Noto Hanto Earthquake
	Physical Modeling: An Estimation of Wave Forces on an Inland Bridge Subject to Tsunami Bores
	Damage to Reinforced Concrete Buildings with Elevated Lower Levels Impacted by Tsunami Water-Borne Massive Objects

	Bridge Structures
	Seismic Response of Bridge with C-Bent RC Column by Distributed Hybrid Simulation
	Nonlinear Dynamic Analysis of Isolated Bridges with Unseating Prevention Devices
	Multi-Dimensional Hybrid Simulation Using Mixed Load and Displacement Control: Application to Skew RC Bridges
	Upper Part of a High-Rise Bridge and Its Time-Series Movements via GPS Measurement
	Seismic Behavior of Beam-To-Column Connections with Fillets of Steel Rigid Frame Piers
	Nonlinear Responses of Bridge Piers Considering Periodic and Phase Characteristics of Input Motions
	Optimal Bilinear Model of High Damping Rubber Bearing for Seismic Response Analysis
	Crack Propagation in Under-Matched Joints under Seismic Loading
	Effect of Backfill Soil on Seismic Response on a Horizontally Curved Bridge
	Vertical Response Characteristics of Rubber Bearings with Asymmetric-Nonlinear-Elasticity

	Seismic Hazard Mitigation Planning and Human Behavior
	Earthquake Risk Modeling and Its Application in China
	Disaster Education Using a Portable Virtual-Reality System and Its Efficiency
	Trust, Security, and Peace of Mind with Respect to Seismic Risk
	Disaster Management System Using Moving Objects Database
	A Simple Method to Evaluate Potential Physical Damage in Urban Areas for Risk Management Purposes
	Towards Incombustible Cities: Probability Function of Remainder for Estimating the Life Span of Buildings
	Earthquake Risk Assessment and Optimal Risk Management Strategies for Hi-Tech Fabs in Taiwan
	Social Difficulties Induced by Recent Earthquakes in Japan
	Seismic Microzonation of Addis Ababa by Combining Analytical Procedure and Microtremor Measurments
	Detection of Slope Failure Areas Using High-Resolution Satellite Images and Digital Elevation Model for the 2004 Niigata-Ken Chuetsu, Japan Earthquake
	An Evacuation Simulation from Spreading Fire after an Earthquake in an Area Densely Crowded with Wooden Houses

	Passive Control and Base Isolation
	Comparison of Seismic Behavior of Eccentrically Braced Steel Frames with Fixed Base and Partially Uplift Columns
	Mode Control Seismic Design with Dynamic Mass
	Shaking Table Test Using Multipurpose Test-Bed
	A Review of the Seismic Performance of Ceiling-Piping-Partition Nonstructural Systems
	Variation of Supplemental Stiffness and Damping Using Adjustable Fluid Spring and Damper
	Full-Scale Tests of Frame Subassemblies and Dampers to be Used for E-Defense 5-Story Building Specimen
	Seismic Retrofitting of Low-Rise Buildings via Out-Frame Systems Connected by Viscous Dampers
	Current Implementation Practices of Passive Energy Dissipaters in the United States
	A Study on Response Characteristic of Seismically Isolated Tall Building
	Numerical Investigation of Beam-Column-Gusset Components in Value-Added Frames
	Equivalent Linearization of System with Nonlinear Viscoelastic Dampers and Its Application to Passive Control Design
	Passive Control Design Method for Building Structure with Bilinear Oil Damper

	Steel Structures, Response Analysis of Structures
	Performance-Based Seismic Design for High-Rise Buildings in Metropolitan City
	Trends in the Structural Design of High-Rise Steel Buildings in Japan
	Retrofit Design of Office Building Using Seismic Resistant Facade
	Some New Developments in Earthquake and Health Monitoring of Buildings
	Modelling of Plan Irregular Building Subjected to Design Response Spectra for Ipoh (Malaysia)
	Weld Acceptance Criteria for Beam-End Butt Joints in Seismically Loaded Steel Structures
	Application of a Wedge Device to Steel Structures
	Seismic Performance of a Multi-Tower Hybrid Structure
	Cyclic Tests on Wood Panel Restrained Steel Shear Walls with Slits
	Effect of Aspect Ratios on the Seismic Performance of Steel-Concrete Composite Members
	Seismic Isolated Structures Applied to from Detached Houses to High-Rise Apartments in Japan
	Dynamic Collapse Behavior of 3-D Steel Frame Model
	Dynamic Behavior of Wood Frames with Passive Control Mechanism and Nonstructural Walls Using Shaking Table

	Socioeconomic Issues
	BCP in Japan: Diffusion and Expectation
	Evaluation of Earthquake Resistance Capacity of Businesses: Development of CMP-Method
	The Current Status and Impact of Performance-Based Earthquake Engineering in California Relative to Sustainable (Green) Building Design
	Regional Economic Modeling for Disaster Analysis: Trends and Issues
	A Conceptual Design of Mobile Gaming System on Public Education of Earthquake Disaster
	An Experimental Approach to Predicting Housing Situation Following Urban Disaster




