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Abstract 

In an effort to ensure public safety, many civil engineering structures undergo various 
inspections to assess their condition or performance. Comprehensive procedures for using 
routine inspection data to update reliability assessments have not been developed. This 
paper illustrates how the Condition Index inspection data from a specific miter gate on a 
Corps of Engineers navigation lock can be modified and used for this purpose. 

Introduction 

The U.S. Army Corps of Engineers (USACE) maintains 238 chambers at 198 lock sites. 
Miter gates are an important operating component of a lock and dam facility. In many 
situations, only one lock is available at a site and if the miter gate does not function, 
navigation along the entire river is delayed. USACE has developed a Condition Index 
inspection and rating system that uniformly and consistently describes the current 
condition of miter gate lock structures. Similarly, the Corps has completed reliability 
analyses on specific miter gates to justify funding major repairs. Because the development 
of reliability assessments and Condition Index inspection procedures have progressed 
independently, no comprehensive effort has been made to use the two in combination. 
This paper uses the Condition Index inspection information regarding corrosion 
deterioration to update the reliability of an existing miter gate, highlights the benefits and 
limitations of the approach and identifies where more research is needed in this area. 

Reliability Analysis 

The Rock Island District of the U.S. Army Corps of Engineers prepared a time-dependent 
reliability analysis on Lock and Dam #12 on the Mississippi River near Dubuque, Iowa to 
predict how this structure will perform over its useful life (USACE 1997). The reliability 
analysis is critical for maintenance planning and is a mandatory step in justifying a major 
rehabilitation project (USACE 1996). The reliability analysis on Lock and Dam #12 miter 
gates was based on the moment failure limit state on a typical vertical girder which was 
determined to be the most critical component. The random variables considered in the 
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analysis were the yield stress of the steel, the amount of material loss due to corrosion, a 
modeling uncertainty factor, and the head differential which constituted the load on the 
structure. Corrosion deterioration was considered in both the splash zone and atmospheric 
zone of the miter gate. Based on results from corrosion tests of bare steel under simulated 
splash zone conditions conducted in Memphis, the following deterioration models were 
derived for the respective zones (Padula 1994) 

Atmospheric zone: log C = log 23.4 + 0.65log 2 + &c 

Splash zone: log C = log 148.5 + 0.903log 2 + gc 

where C is the thickness loss due to corrosion in micrometers, t is time in years and &c is an 

uncertainty factor with a mean of 0 and a standard deviation of 0.219 and 0.099 for the 
atmospheric and splash zones, respectively. With this information, the future performance 
of the miter gate was estimated using time-dependent reliability, hazard functions, and an 
event tree to compute the expected costs of disruptions. 

Condition Index Inspections 

The reliability analysis on Lock and Dam #12 extended from 1938 when the miter gate 
was placed in service to the year 2030. The analysis needs to be updated over time based 
on inspection results to verify or modify the deterioration model on which it was based. 
Ideally a specific non-destructive evaluation (NDE) would provide the basis for updating 
the parameters of the random variable that accounts for thickness loss due to corrosion. 
NDE tests are often expensive and are not conducted often. A Condition Index (CI) 
inspection is conducted periodically as part of a,prograrn of visual inspections to assess the 
general condition of a miter gate. The condition index ratings which range from 0 (failed) 
to 100 (excellent) are used to help prioritize maintenance (Greimann 1990). While these 
inspections were not specifically designed for updating the reliability of a structure, they 
can be used conservatively for this purpose in some cases with some minor modification. 
The CI inspection conducted on the miter gates on L,ock and Dam #12 (USACE 1998) 
provided a sub-rating specifically for corrosion deterioration as shown in Table 1. 

Table 1. Inspection Results from Auxiliary Miter Gate on Lock and Dam Number 12 
Structural Left Leaf Right Leaf 

Element Upstream Downstream Upstream Downstream 

Girder 2 2 1 2 

Intercoastal 2 2 1 2 
Skin Plate 2 2 I 2 

The inspection results translate to a Condition Index rating for corrosion of CI=54 which is 
described as “Fair: moderate deterioration; function is still adequate”. The ratings of 0 
through 5 are condition levels assigned by an inspector who relates the level of corrosion 
that he or she observed on the components of the miter gate to one of five photographs 
with word descriptions that show differing degrees of corrosion. By itself, this information 
is not sufficient to update the reliability analysis. The limitations of the CI inspection data 
are: 
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l The amount of corrosion loss has not been numerically quantified and cannot be 

used to update a random variable in its current form 
l The CI inspection was only conducted for the splash-zone area while reliability was 

assessed in both the splash zone and atmospheric zone 
l The CI rating was based on the worst condition observed anywhere on the gate. 

The analyst does not know on which member or where on the member the 
corrosion occurs. It is also unknown whether the rating is representative of the 
entire gate or one isolated section. 

l There is no knowledge of condition state transition or how long the miter gate has 
been and will be in that condition state 

Some conservative assumptions and slight modifications are proposed to the CI inspection 
procedure and data to account for these limitations. The six levels of corrosion are 
conservatively quantified within a range of values as shown in Table 2. The distributions 
are defined such that the mean value is based on how far the member is assumed to have 
transitioned &rough its condition state and the standard deviation is based on the capability 
and credibility of the inspector as shown in Estes (1997). A segment-based inspection is 
introduced where each girder, skin plate, and intercoastal section is given its own rating in 
the same manner as suggested by Renn (1995) for highway bridges. With the segment-
based inspection, it is possible to update system reliability analyses and to consider other 
failure modes where the location of the damage is important. 

Table 2. Assigned Corrosion Levels from a Condition Index Inspection 
Levels of Corrosion 

Level Description 
Thickness loss per side* 

mils Pm 
0 New condition 0 0 
1 Minor surface scale or widely scattered small pits 0-8 0-200 
2 Considerable surface scale and/or moderate pitting 0-20 0-500 
3 1 Severe pitting in dense pattern, thickness reduct@n in local areas 1 0-40 0-1000 

1000-30004 1 Obvious uniform thickness reduction 1 40-120 I 
5 1 Holes due to thickness reduction and general thickness reduction 1 >120 >3000 

* Not currently in CI manual - created to quantify corrosion distress 

Updating Methods 

Four separate methods are considered for using this CI inspection data to update the 
reliability analysis for a miter gate. Method A is the easiest and does not require the 
segment-based inspection. Method D is the most complex and requires both a segment-
based and Bayesian updating. Method D is also the most versatile and has the broadest 
capabilities. Table 3 outlines the requirements and capabilities of the four methods. All 
four methods were used on the auxiliary miter gate on L,ock and Dam ##12. For methods A 
and C, the actual inspection data (USACE 1998) was used while for methods B and D, the 
data was created from a hypothetical segment-based inspection by filling in the gaps based 
on the actual inspection data. 
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Table 3. Characteristics of tbe Four Updating Metbods A through D 
Characteristic of Update Method Update Method 

A IB 

Applicable to system reliability analysis X X 

Table 4 shows the thickness loss predicted by the reliability analysis deterioration models 
in both the splash zone and the atmospheric zone as well as the updated thickness loss 
using all four methods based on 1998 inspection data. The results indicate that the model 
used for the atmospheric zone offers a good representation of what is actually happening in 
the splash-zone. The splash-zone model greatly overestimates the severity of the 
corrosion. 

Table 4. Corrosion Loss Estimate Based on Original Models and Inspection Results 
Corrosion Loss Atmospheric Splash-zone Update Method 

(Pm) Zone Model Model A B C C 

Mean 298 5080 250 285 314 349 

Standard Dev. 197 1301 151 151 150 150 

Model Updating 

Methods B and D allow the deterioration model and thus the time dependent reliability to 
be updated. Using Method D which requires both a segment-based inspection and 
Bayesian updating, the deterioration model was updated based on a hypothetical segment-
based inspection in the year 2008. Figure 1 shows the distribution of the thickness loss for 
condition state 2 (from Table 2) based on the results of the segment-based inspections. 
The graphs show the computed distribution when the structure first enters the condition 
state 2 (it is conservatively assumed that the condition state is entered at the half-way 
point), at the year 1998, and at the year 2008. After the inspections in 1998 and 2008, the 
deterioration model was updated based on the prior and new information. The new models 
as shown in Figure 2 are: 

After 1998 inspection: C = 10.23t”.N3 

After 2008 inspection: C = 4.22$.13 
With the parameters of the thickness loss due to corrosion estimated at any point in time, it 
is a straight forward process to update the reliability, the hazard functions, and the 
economic analysis for the miter gate. The original model greatly overestimated the effect 
of the corrosion. While the new analysis is based on visual inspection data and 
conservative assumptions, the results are much better than if the information had not been 
used at all. 
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Figure 1. Distributions for Condition State 2 at the halfway point and after 
inspections in 1998 and 2008 
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Figure 2. Deterioration Model for Miter Gate based on Original Model and after 
Inspection Results 

Conclusion 

When visual inspection data is available, it should be used whenever possible to update the 
reliability of a structure. It is not a substitute for a specific NDE inspection, but it is far 
better that blindly relying on an untested deterioration model. With conservative 
assumptions and slight modifications, much of the visual information can be useful. 
Visual data will produce higher uncertainties than NDE results. This will produce lower 
and more conservative estimates of reliability. As a minimum, these techniques will help 
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identify which structures are the best candidates for the more expensive and rigorous NDE 
inspections. 

Applying reliability-based methods to real structures in a useful and productive 
manner is still in its infancy. While a lot of work has been done, there remain many areas 
worthy of future research. In miter gates alone, the reliability analysis was based on a 
single failure mode for a single component. Considering multiple failure modes that treat 
the miter gate as a system is worthy of investigation. The Condition Index inspection 
looks at many other critical areas such as downstream movement, noise jump vibration, 
gaps, dents, cracks, leaks, boils, and the anchorage system. These represent potential 
failure modes that could be considered where there is opportunity to use inspection results 
to update reliability. A critical deterioration mechanism on miter gates is fatigue. Since the 
CI inspections investigate cracks, a similar study which uses CI results to update fatigue 
models would be valuable. As reliability methods become more widely implemented, all 
available information should be used. It is also important that the individuals who design 
routine inspection procedures and those who perform reliability analyses communicate so 
that both their needs can be met. 

Acknowledg&ments 

The financial support of the U.S. Army Construction Engineering Research Laboratory is 
gratefully acknowledged. The opinions and conclusions presented is this paper are those of 
the writers and do not necessarily reflect the view of the sponsoring organizations. 

References 

Estes, A.C. (1997). A System Reliability Approach to the Li$etime Optimization of 
Znspection and Repair of Highway Bridges. Ph.D. Thesis, Department of Civil, 
Environmental, and Architectural Engineering, University of Colorado, Boulder, 

Colorado. 
Greimann, L.F., Stecker, J.H., & Rens, K., 1990. Management Systemfor Miter Gate 

Locks, Technical Report REMR-OM-08, U.S. Army Construction Engineer 
Research Laboratory, Champaign, IL. 

Padula, J., Chasten, C., Masher, R., Mlaker, P., Brokaw, J., Stough, W. (1994). ReZiabiZity 

Analysis of Hydraulic Steel Structures with Fatigue and Corrosion Degradation, 
Technical Report ITL-94-3, U.S. Army Corps of Engineers, Washington D.C. 

Renn, D.P. 1995. Segment-based inspection for load rating within bridge management 

systems. Masters Thesis, Department of Civil, Environmental, and Architectural 
Engineering, University of Colorado, Boulder, Colorado. 

USACE: U.S. Army Corps of Engineers, 1996. Project Operations: Partners and Support 
(Work Management Guidance and Procedures), Engineer Pamphlet EP 1130-2-
500, Washington D.C. 

USACE: U.S. Army Corps of Engineers, 1997. Reliability Analysis of Miter Gates Lock 
and Dam #Z2, Rock Island District, Rock Island, IL 

USACE: U.S. Army Corps of Engineers, 1998. Condition Znspection Summary Report, 
Mississippi River Lock and Dam #12, Inspected by LDI and MVR, 24 Nov 1998, 
Dubuque, Iowa. 


	CD-ROM table of contents
	Search
	Help
	Proceedings Information
	Author index
	General Conference
	Aging and Historic Structures
	The U.S. Capitol Dome: A Progree Report on its Cast Iron Rehabilitation
	Structural Analysis and Rehabilitation of the U.S. Capitol Dome

	Repair/Replacement of Aging Concrete Structures
	Strengthening of a Bridge Capbeam Using Bonded FRP Composite Plates
	The Strengthening and Refurbishment of Westfield Pill Bridge Pembrokeshire
	Quality Assurance of FRP Retrofit Using Infrared Thermography
	Bell's Bridge Rehabilitation

	Life-Cycle Safety and Cost Management of Aging Civil Infrastructure Systems
	Lifecycle Cost Based Design and Management Strategy in Multi-Hazard Environments
	Symptom-Based Reliability of Aging Infrastructure Systems
	Using Condition Index Inspection Results to Update the Reliability of Miter Gates for Navigation Locks
	Life-Cycle Safety and Costing for Maintenance of Aging Bridges
	Integrated Bridge Management System Based on Life Cycle Cost Concept

	Monitoring for Decision Making During Rehabilitation
	Health Monitoring of Aging Cable Structures
	Evaluation of Historic Reinforced Concrete Bridges

	Applied Technology Council Strategies for Reducing the Effects of Natural Hazards
	Seismic Design of Highway Bridges: Recommended Specifications (Project ATC-49/NCHRP Project 12-49)
	ATC-50, Seismic Grading and Retrofitting Project for Detached Single-Family Wood Frame Dwellings

	Nondestructive Testing and In-Place Testing: Research to Practice
	The Impact-Echo Method: An Overview
	Applications of Impact-Echo for Flaw Detection
	The Maturity Method: From Theory to Application

	Applied Innovation: A demonstration of New Technologies for Nondestructive Evaluation of Aging Infrastructure
	Magnetic Perturbation Imaging for Prestressed Concrete Evaluation
	Laser-Based Instrumentation for Highway Bridge Applications

	Reliability of Aging Structures
	Corrosion Fatigue Reliability of Aging Structures
	Input Data Requirements for Fatigue Reliability Analysis of Aging Structures
	Structural Integrity: Computation Verse Testing

	Assessment and Monitoring of Aging Structures
	Smart Online Structural Monitoring and Diagnosis
	Damage and Capacity Evaluation of Engineering Structures
	Lifetime Assessment for Structural Concrete
	Life Cycle Prediction of Steel Structures via Monitoring and Testing in Parallel

	Deterioration Analysis of Materials and Structures
	The Damage of Concrete Structures due to Coupled Moisture Transfer and Drying Shrinkage
	Structural Failure Analysis with Interface Elements Using an Elasto-Plastic Damage Approach
	Behavior and Analysis of RC T-Beams Partially Damaged in Shear and Repaired with CFRP Laminates


	Bridges
	San Francisco-Oakland Bay Bridge
	San Francisco-Oakland Bay Bridge Design Concepts and Alternatives
	The Skyway Structures: Design of the New San Francisco-Oakland Bay Bridge East Spans
	Seismic Safety Design of the New San Francisco-Oakland Bay Bridge

	Behavior and Design of Cross-Frames for Steel Bridges
	Cross-Frame and Diaphragm Behavior in Skewed Bridges
	Maintenance of Diaphragm-Girder Connections

	High-Performance Materials for Bridge Applications
	Advanced FRP-Wood Composites in Bridge Applications

	Fiber Reinforced Polymers for Bridge Repair and Rehabilitation: Monitoring and Evaluation
	Use of FRPs for Bridge Components and Methods of Performance Evaluation
	Continuous In-Service Monitoring of an FRP Bridge for Long-Term Performance Evaluation
	Polymer Matrix Composite (PMC) Infill Walls for Seismic Retrofit

	Fiber Reinforced Polymers for Bridge Repair and Rehabilitation: Panel Discussion
	High-Performance Steel: Latest Developments in Fabrication, Design, and Innovative Material Utilization
	Innovative High Performance Steel Bridge Girders

	Seismic Retrofit Strategies for Existing Bridges in Moderate Seismic Zones
	FHWA Bridge Seismic Retrofit Manual and Its Applications in Missouri Highway Bridges
	Seismic Retrofit of Two New York City Bridges

	Eastern U.S. Bridge Seismic Evaluation and Design Issues: Case Studies
	Ground Motion and Site Specific Studies for Bridges in West Tennessee
	Seismic Retrofit of the US-40/I-64 Double-Deck Approach to Poplar Street Bridge in St. Louis
	Seismic Response and Evaluation of MSSS Bridges in New Jersey
	Evaluation and Retrofit Issues for Steel Truss Bridges in Eastern United States

	Project-Level Bridge Management Decisions: Replacement versus Rehabilitiation
	Bridge Management for the 21st Century
	Replacement of the Suspension of the Aquitaine Bridge in Bordeaux
	Williamsburg Bridge - 12 Years After

	Comparison of International BMS Approaches
	KUBA-MS: The Swiss Bridge Management System
	Decision Support Analysis in Ontario's New Bridge Management System


	Seismic
	Advances in Performance-Based Seismic Engineering
	A Framework for Performance-Based Seismic Design
	Effect of Column-to-Beam Strength Ratio on Seismic Performance of RC Moment Frames
	Improved Direct Displacement-Based Design Procedure for Performance-Based Seismic Design of Structures

	Case Studies of Seismic Rehabilitation Using FEMA 273
	Design of a Data Center for Earthquake and Extreme Winds
	FEMA 273 Evaluation of the U.S. Courthouse, Seattle
	Seismic Retrofit of a Building Using Passive Energy-Dissipation Devices
	Rehabilitation of a St. Louis Water Reservoir for Immediate Occupancy for a 2500 Year Earthquake Event Using Nonlinear Seismic Dampers

	Advances in the Seismic Design of Precast Concrete Structures
	Seismic Design and Rehabilitation Strategies for Power Systems
	Hybrid Base-Isolation of Bushing-Transformer Systems
	Seismic Mitigation Options for High-Voltage Electrical Transmission Substations
	Evaluation of Seismic Response of Transformers and Effectiveness of FPS Bearings for Base Isolation
	Evaluation of Seismic Qualification Procedures for High-Voltage Substation Equipment

	Design and Construction of Very-Tall Hyperbolic Cooling Towers
	Shape Optimization, Design, and Construction of the 200m Niederaussem Cooling Tower Shell
	Local-Global F E Analysis of Column-Supported Cooling Towers

	Structural Implications of Recent Developments in the Understanding of Strong Ground Motions
	Capacity Spectra Method for Estimating SDOF Oscillator Demands

	New Developments on characterization of Ground Motions for Seismic Analysis: USGS Research
	Earthquake Ground Motions in Sedimentary Basins
	New Tools to Determine Seismic Hazard and Other Seismic Parameters for the United States
	New Parameters to Model Ground Motions
	Fragility Curves and Seismic Loss Estimation Methodologies Based on Insurance Data

	OVERVIEW: Revised ACI-ASCE Committee 352 Recommendations for Design of Beam-Column Connections
	Overview of the Revised ACI-ASCE 352 Committee Recommendations for Design of Beam-Column Connections in Monolithic Reinforced Concrete Structures
	The Effect of the Slab on Beam-Column Joint Behavior 
	Behavior and Design of Reinforced Concrete Beam-Column Connections with Wide Beams


	Blast
	Blast-Resistant Design
	Blast Mitigation Research and Technology Transfer
	U.S. Embassy Designs Against Terrorism: A Historical Perspective
	Multi-Hazard Design to Resist Progressive Collapse
	Practical Experience in Blast Mitigation for Non-Structural Elements
	Behavior of Steel Structures Subjected to Blast Loading

	Structural Hardening and Physical Security: Past Experiences, Present Practice, and Future Considerations
	Structure Design to Mitigate Terrorist Hazards
	The Explosive Threat: Preventing Progressive Collapse and Limiting Extent of Debris
	Analysis and Retrofit of CMU Walls

	Blast-Resistant Design Tutorial: Part I
	Preliminary Validation of Computer Programs for Prediction of Glazing Response to Explosive Airblast

	Blast-Resistant Design Tutorial: Part II

	Fire
	Future of Structural Fire Safety
	ICC Performance Code for Buildings and Facilities - Structural Fire Protection Provisions
	Performance-Based Analysis Methods to Determine the Fire Resistance of Structural Members
	New Concepts in Structural Strength Assessment for Large Buildings in Fire
	Performance Based Structural Design for Fire Conditions

	Calculated Fire Resistance
	Performance-Based Structural Fire Safety
	Fire Resistance Requirements for Buildings: A Performance Based Approach
	Value of the Full Scale Cardington Fire Tests to the Structural Engineer
	The Influence of Tensile Membrane Action in Concrete Slabs on the Behaviour of Composite Steel-Framed Buildings in Fire

	Performance-Based Structural Fire Safety: Case Studies
	Water-Cooled Roof Incorporating Sprinklers into the Structure: Hong Kong Air Cargo Handling Facility
	Case Study: Elimination of Structural Fire Protection on Large Steel Beams

	Performance-Based Structural Fire Safety Case Study and Design Tools
	Residual Load-Bearing Capacity of Structures Exposed to Fire
	Moving Away from the Standard Fire Resistance Test


	Wind
	Design Wind Determination at Sites with Wind Affected by Topography
	Modelling Flow over Complex Terrain
	Determination of Flow Characteristics of Mountain-Valley Systems by Numerical Modelling
	Complex Terrain Extreme Wind Microzonation

	Computational Wind Engineering
	Simulation of Wind Flow Around a Bridge Using a Stochastic Turbulence-Closure Model
	Computation of Flutter Velocities for Bridges Using FEM, CFD and Moving Grids
	Multiscale Modeling of Air Flow in Salt Lake City and the Surrounding Region
	Using the Lattice Boltzmann Method to Estimate Wind Loads on Structures
	Adaptive Finite Element Method for Wind Engineering Problems

	Wind Effects on Low Buildings
	High Resolution Pressure Measurements on Roofs of Low Buildings
	Computer-Generated Wind Pressure Coefficients for Low Building Roofs
	Field-Measured Atmospheric Boundary Layer Characteristics in High Winds
	Field Measurements of Total Wind Forces on Buildings

	Practical Solutions to Wind Engineering Challenges
	The Determination of Structural Wind Loads for the Roofs of Several Venues for the 2000 Olympics
	Optimization of Wind Resistance of Photovoltaic Roofing System
	Enhancement of Natural Ventilation at Honolulu International Airport
	Wind-Tunnel Techniques to Address Structures with Multiple Coupled Interactions


	Structural Control
	Seismic Structural Control
	High Performance Dampers for Bridges
	Serviceability Vibration Evaluation of Long Floor Slabs
	Performance Study of a GA-Based Active/Hybrid Control System Under Near Source Strong Ground Motion

	Seismic Isolation and Energy dissipation Systems: Contemporary Issues, Current Design Practice and Recent Developments
	New Developments in the Field of Seismic Isolation
	Stability of Elastomeric Isolation Bearings

	Base Isolation Retrofit of a Large Public Building Damaged in the August 1999 Turkey Earthquake
	Overview of Regional Seismicity and Structural Evaluation and Criteria for Structural Upgrade
	Seismic Evaluation and Retrofit of the Ataturk International Airport Terminal Building
	Final Design Implementation of Upgrade

	Practical Developments of Semi-Active Damping Systems
	Sliding Isolated Buildings with Smart Dampers: Shaking Table Studies
	Comparison of Semi-Active Dampers in Seismic Isolation
	A High-Efficiency Control Logic for Semi-Active Friction Dampers

	Structural Control Provides Economical Solutions
	A Subway Runs Through It: Base Isolators are the Solution to the Goodman Theatre's Challenging Urban Site
	Actual Seismic Response Control Building with Semi-Active Damper System
	Earthquake Resistant Design of Torsionally Coupled Structures Using VFPI

	Innovative Seismic Protection Systems for Bridges
	Seismic Isolation of Benicia-Martinez Bridge


	Materials
	Recent Developments in Structural Masonry
	Prestress Losses in Post-Tensioned Concrete Masonry Sound Walls

	Advancing the State-of-the-art in Prestressed Masonry
	Post-Tensioned Prestressed Masonry Columns
	Prestressed Masonry: Recent Australian Research and Code Provisions
	Seismic Resistance of Prestressed Concrete Masonry Shear Walls
	Planning Projects to Use Prestressed Masonry

	Enhanced Research in Masonry
	Planning for Enhanced Research in Masonry
	Research Needs for Aging Masonry
	Performance of Masonry in Disasters: Lessons Learned and Research Needs Identified
	Strengthening of Masonry Structures with FRP Composites

	Serviceability in Design of Steel Building Structures
	Update of Serviceability Design Considerations for Low-Rise Steel Buildings
	Development of a Simplified Criterion for Walking Vibrations

	Corrective Measures for Misfabrication of Structural Steel
	Guidelines for Repair of Misfabricated Structural Steel Connections
	A Case Study of the Repair of Misfabricated Steel Connections
	Constructibility Considerations in the Design of Large Complex 3D Connections

	Structural Aluminum
	Three Aluminum Design Codes: Failure by Yield or Rupture
	Three Aluminum Design Codes: Buckling
	Recent Aluminum Roof Structures in Colombia
	Three Aluminum Design Codes: Materials, Connections

	Strut and tie Methods for Design of Structural Concrete
	Use of Strut and Tie Modeling Within the ACI Building Code
	Practical Design with Strut-and-Tie Models
	CAST (Computer-Aided Strut-and-Tie) Design Tool

	Application of Fiber-Reinforced Polymers in Concrete Columns
	From Steel Tubed Columns to FRP Tubed Columns
	Seismic Behaviour of FRP-Retrofitted Concrete Columns
	Overview of the Japanese Guidelines for Seismic Retrofitting of RC Columns Using FRP Materials
	Development and Structural Characterization of CFRP/Concrete Composite Columns
	Time-Dependent Behavior of Concrete-Filled FRP Tubes Under Sustained Loading

	New Seismic Design Criteria for Steel Moment-Frame Buildings: Part I
	New Seismic Design Criteria for Steel Moment-Frame Buildings: Part II
	Application of Weld Overlays for Connection Repair
	Seismic Design Criteria for New Steel Moment Frame Buildings
	Application of FEMA 351 on Seismic Upgrade of Los Angeles County Public Works Headquarters


	Research Topics
	Computer-Based Conceptual Design of Structures
	Conceptual Design Using Adaptive Search
	Conceptual Design of Suspension Bridges Based in Sensitivity Analysis of Flutter Speed
	Conceptual Design of Structural Systems Using Transferred Force Principles
	Does Continuum Topology Optimization Have a Place in Design of Large-Scale Structures?

	Modeling Structural Systems for Inelastic Analysis and Design
	Going Beyond Linear-Elastic Analysis
	Inelastic Large Deflection Modeling of Plane Frame Systems
	Explicit Tangent Stiffness Matrix for Nonlinear Analysis of Planar Frames Considering the Effects of Spread of Inelasticity
	Optimized Design of Partially and Fully-Restrained Steel Frames Using Distributed Plasticity

	Finite Element Analysis of Concrete Structures Strengthened/Retrofit with Fiber Reinforced Polymer Materials
	Circular RC Sections Confined with FRP: Modeling and Design
	Behavior of Beams Strengthened with FRP and Steel Plates
	Analysis of R/C Beams Strengthened with FRP Plates

	Retrofit of Existing Bridges: Part I
	Seismic Analysis and Retrofit of the Amoskeag Bridge
	Seismic Evaluation and Retrofit Design of the Harlem River Lift Bridge
	Seismic Evaluation and Retrofit of the Manhattan Bridge
	Accessible and Cost-Effective Approach for Seismic Retrofit of Highway Bridges

	Retrofit of Existing Bridges: Part II
	Rehabilitation of the Packers Falls Bridge
	Field Testing and Evaluation of the Ironton-Russell Truss Bridge
	Condition Assessment/Damage Identification of an Aged, Deteriorated Steel Stringer Bridge
	Repair of Fatigue Cracking Due to Out-of-Plane Distortion
	Rehabilitation of the Swiftwater Covered Bridge

	Construction Considerations for Composite Steel-and-Concrete Floor Systems
	Evolution of Composite Floor Systems in the United States
	Steel Deck and Shear Stud Installation

	U.S.-Japan Research Program on Composite and Hybrid Structures: Research on Composite Walls and Systems
	Steel Braced Frame Composite Column Connection Behavior
	Cyclic Behavior of Three-Dimensional Partially-Restrained Composite Connections
	Seismic Design of Hybrid Coupled Walls

	Seismic Protection Systems for Wood-Framed Buildings
	Shake Table Testing of a Full-Scale Two-Story Woodframe House
	MIDPLY Shearwall System
	Viscoelastic Material as a Seismic Protection System for Wood-Framed Buildings
	Fluid Dampers for Seismic Protection of Woodframe Structures
	Hysteretic Dampers for Wood Frame Shear Walls

	Small-Diameter Wood: Structural Considerations and Applications
	Structural Lumber from Small-Diameter Western U.S. Softwood Trees
	Small Diameter Round Timber Connections

	Statistical Models and Reliability-Based Design in Wood
	Stochastic Damage Models for Wood Structural Elements
	How to Achieve Stable Reliability Estimates: Effect of Instability in Resistance Data
	Analysis of Wood Assemblies with Similar and Dissimilar Trusses
	Reliability Indices for Bolted and Nailed Connections in Wood Structures
	Probability-Modeling of FRP Reinforced Beams


	Professional Topics
	Seperate Liscensing for Structural Engineers
	Benefits of a Single Professional Engineering License

	Value-Based Compensation
	Design/Build—The Structural Engineer's Role
	Overview of Structural Standards in SEI/ASCE
	Global Standards for Structural Loads
	National Building Codes Part I: Loads
	National Building Codes Part II: Loads
	National Building Codes Part III: Masonry
	National Building Codes Part IV: Steel
	National Building Codes Part V: Wood

	Special Sessions
	Federally-Sponsored Seismic Structural Engineering Research
	National Science Foundation Earthquake Engineering Research Centers
	Structural Engineering Research at the Multidisciplinary Center for Earthquake Engineering Research (MCEER)
	Structural Engineering Research at the Mid-America Earthquake Center
	Seismic Structural Engineering Research Sponsored by NSF Beyond Earthquake Engineering Research Centers
	The George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES)
	Structural Engineering Research at the U.S. Geological Survey
	FHWA/MCEER Seismic Research for Transportation Structures

	Bridge Structural Identification Applications: Case Studies


