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ABSTRACT: The United States Federal Highway Administration has launched a 20-year 

research program to obtain the data and knowledge to support a much better understanding of 

bridge performance.  The long term performance of a bridge involves complex interactions 

between the bridge structure, the foundation system, traffic and truck loads, other live loads 

(hydraulic, ice, waterborne debris, wind, seismic), as well as differing climatic and 

environmental conditions.  Bridge performance is also highly dependent on the effectiveness of 

periodic inspections, the type, timing and effectiveness of maintenance and repair interventions, 

and the bridge owner’s policies, programs and available funding.  Bridge performance must also 

be measured against owner and user expectations.  Many aspects of these complex interactions 

are poorly understood and are doubly difficult to analyze due to lack of reliable data.  As a 

result bridge performance can only be evaluated using significant assumptions and/or 

generalizations.  The Long Term Bridge Performance Program (LTBPP) is intended to obtain 

the data and knowledge to greatly improve the ability to understand and measure bridge 

performance.  The desired outcomes of the LTBPP include advances in deterioration and 

predictive models, development of improved design methods, development of improved 

maintenance practices and improved inspection /condition information through NDE 

technologies.  The roadmap for the 20-year LTBP program begins with the development of a 

clear definition of bridge performance and an objective assessment of what aspects of bridge 

performance are of the highest priority.  Those performance issues deemed of the highest 

importance are identified and will be the subject of planned long term performance studies. The 

LTBPP has several significant features which include: a 1-year pilot study that will allow for a 

period of testing of bridge data collection technologies and protocols to reach a realistic 

assessment of what data can be measured well enough to provide research quality data; a well 

designed data infrastructure that meets the needs of the program for storing, processing and 

analyzing bridge data in several different formats including digital images, written reports, 

standard inspection rating data and data from NDE and SHM technologies;  and continuing 

efforts to implement the findings from the LTBPP in routine bridge engineering practice. 

 

1 INTRODUCTION 

A large volume of data on the long term performance of bridges in the United States is well 

documented in databases of bridge information reaching back over thirty years including, 

notably, the National Bridge Inventory maintained by the Federal Highway Administration.    

Despite the large volume of bridge data, the reasons why bridges perform as they do are not 
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well understood.  The performance of any single bridge is dependent on complex interactions of 

multiple and often interrelated factors which include: the original design parameters and 

specifications (bridge type, materials, geometries, load capacities); the initial quality of 

materials and of the as-built construction; varying environmental conditions of climate, air 

quality, etc; corrosion and other deterioration processes; traffic volumes and percentage of truck 

traffic; and the type, timing and effectiveness of preventive maintenance, of minor and major 

rehabilitation actions and ultimately of replacement actions. All of these factors combine to 

impact the condition and operational capacities of the bridge and its various structural elements 

at any given point in the life of the bridge.  The ability to understand how bridges perform is 

limited because the true nature of the cause and effect relationships that determine performance 

is not always well understood; often times, the data necessary to examine the cause and effect 

relationships is unreliable or not available.  Thus, the analyses of cause and effect to assist with 

the measurement of performance must rely too heavily on imprecise relationships, expert 

knowledge, significant assumptions and/or generalizations. 

The United States Federal Highway Administration has launched a 20-year research program to 

study in-service bridges in the United States in order to obtain the data and knowledge 

necessary to support a much better understanding of bridge performance.  Under the Long Term 

Bridge Performance Program (LTBPP), carefully selected samples of bridges will be inspected, 

tested, and monitored over a period of up to twenty years.  The resulting data and findings from 

the LTBP program will be used to identify or develop the design, construction, inspection and 

maintenance practices and the materials that will improve the overall performance of existing 

bridges as well as bridges built in the future. 

1.1 The Bridge Infrastructure in the United States 

 
The highway bridge infrastructure in the United States is very large and very diverse.  The 2007 

NATIONAL BRIDGE INVENTORY database contains records for 599,823 bridges, of which 

126,464 are classified as tunnels or culverts.  The remaining 473,359 are bridges.  That is, they 

are single or multi-span structures separating vehicular (or railroad) traffic from other traffic 

and/or some topographical feature, usually a stream or river.  These bridges range from the 

typical highway overpass structure to magnificent signature bridges such as the Golden Gate 

Bridge, the Brooklyn Bridge and the Sunshine Skyway.  Within this range, the diversity of the 

bridge infrastructure in terms of age, type, material, width, length, etc. is exceptionally broad.  

NATIONAL BRIDGE INVENTORY records describe bridges using many different attributes or 

parameters.  Table No. 1 provides a partial list of these and indicates how many different types 

there are in the inventory for each. 

 
Table No. 1 – Diversity of Bridge Characteristics 

 

NATIONAL BRIDGE INVENTORY Item           # of Types 

Kind of material, main span and/or approach span 10 

Structure type, main span and/or approach span 23 

Design load 10 

Bridge posting 6  

Deck structure type 9 

Wearing surface 9 

Membrane 5 

Protective system 9 

 

In addition to these mostly fixed attributes or parameters there is a wide variation in the age of 

bridges and in the service conditions under which they perform.  The average age of all bridges in 
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the NATIONAL BRIDGE INVENTORY is 41.0 years.   Service conditions for bridges vary 

dramatically in terms of traffic volumes carried, truck loadings (including permit loads), level of 

vulnerability to natural forces- hydraulic, ice, debris, wind and seismic loadings, environment, 

climate and etc.  In many cases there is also the potential for significant damage from vessel or 

vehicular collision. 

 

1.2 The FHWA Long Term Bridge Performance Program 

The United States Federal Highway Administration has launched a 20-year research program to 

obtain the data and knowledge to greatly improve the ability to understand and measure bridge 

performance.  There are several significant gaps in knowledge and tools that prevent a more 

measured, scientifically sound evaluation of bridge performance.  These include:  

 

• High-quality measured quantitative data 

• Methods to analyze data to support improved deterioration models and life-cycle cost 

analyses 

• Means to quantify effectiveness of various maintenance, repair and rehabilitation 

strategies (i.e., reflect the type, cost, timing, and effectiveness) 

• Data to support performance measures and predictive models for all limit states 

• Data on operational performance to reduce congestion, delay and accidents 

• Decision-making tools and algorithms that support optimizing allocation of resources 

• Improved data to develop the next generation of bridge management systems 
 
The LTBPP will help eliminate these gaps and produce desirable outcomes such as advances in 

deterioration and predictive models, development of improved design methods, development of 

improved maintenance practices and improved inspection /condition information through NDE 

technologies.  

2 A ROADMAP FOR THE LTBPP 

The LTBPP is a 20-year research study that is unprecedented in the annals of bridge research.  

A clear and comprehensive roadmap is of paramount importance in order to ensure that the 

program achieves the objectives that were established under the authorizing legislation by the 

US Congress and ensuring that the program meets the goals set by the Federal Highway 

Administration.  There are several critical elements in the LTBP program that must be 

addressed in order to ensure success.  These include: 

 

• Developing a clear and comprehensive set of definitions of bridge performance that 

o Reflect specific issues in bridge engineering such as durability of concrete 

decks 

o Can be evaluated using known or obtainable information or data on bridge 

characteristics 

o Are measurable in a meaningful way and serve the needs of one or more type of 

decision-maker 

o Reflect performance issues that are the highest priority to owners and users 

 

• Determining the data that must be collected to assist analysis of those performance 

issues 

• Building a comprehensive data management structure to store, manage and analyze 

bridge data of several different formats 
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• Designing rigorous, scientifically sound experiments to study the performance issues 

• Collecting high quality, quantitative data through visual inspections, physical testing 

such as concrete cores, nondestructive testing, and long term monitoring with various 

sensors 

• Data analysis and modeling to develop theories and tools to evaluate performance 

• Disseminating the findings, conclusions and recommendations of the program to the 

bridge engineering community for implementation in bridge engineering practice 

 

The roadmap for the LTBPP allows for continual feedback and reassessment of needs as the 

program moves forward and as new knowledge is gained. 

 

3 BRIDGE PERFORMANCE 

 

The performance of any single bridge is dependent on complex interactions of multiple and 

often interrelated factors which include: the original design parameters and specifications 

(bridge type, materials, geometries, load capacities); the initial quality of materials and of the 

as-built construction; varying environmental conditions of climate, air quality, etc; corrosion 

and other deterioration processes; traffic volumes and percentage of truck traffic; and the type, 

timing and effectiveness of preventive maintenance, of minor and major rehabilitation actions 

and ultimately of replacement actions. All of these factors combine to impact the condition and 

operational capacities of the bridge and its various structural elements at any given point in the 

life of the bridge.  While some simple measures are used to evaluate the overall performance of 

a bridge or of bridges, better performance measures for bridges would be an take the form of a 

measure of the qualitative or quantitative impact of some parameter or set of parameters on 

some specific aspect of bridge performance. 

 

Since bridge performance is such a complex issue, it is useful to organize the primary issues in 

bridge performance into general categories.  Table 2 describes an approach to categorizing 

bridge performance issues into four major components: structural condition, functionality, 

structural integrity, and costs – to the user and to the owner.  

 

Many relevant factors combine to affect performance under each of these four main categories.  

Table No. 2 also lists the relevant factors that might combine to impact the various aspects of 

bridge performance.  Within these categories there are many specific performance issues that 

are of importance to the bridge community and that could be studied over the long term to 

achieve a better understanding.  For each of these specific performance issues, there are multiple 

data items that could be gathered to assist in the evaluation of performance.  Some of the data 

items will critical to evaluating performance, some will have a moderate impact and some will 

be of little importance.  For the purposes of the LTBPP, other important criteria will be: 

 

• The data must be measurable using a reliable and repeatable test protocol 

• The raw data must be easily and reliably interpreted or translated into common 

engineering terms 

• The cost of obtaining and interpreting the data must be reasonable  
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Table 2 – Four Main Categories of Bridge Performance & Relevant Factors 

 

 

Structural Condition – 

Durability & 

Serviceability 

• Structure type, structural materials & material specifications 

• As-built material qualities & current conditions 

• As-built construction qualities & current conditions 

• Traffic loads – trucks 

• Environment – climate, air quality, marine atmosphere 

• Snow & ice removal operations 

• Type, timing & effectiveness of maintenance, minor & major 

rehabilitation 

• Hydraulic design and scour mitigation measures 

• Soil characteristics - settlement 

 

 

Functionality – User 

Safety & Level of Traffic 

Service 

• Structure geometry-  

• Skid resistance and ride quality of riding surface 

• Vertical clearances – over & under 

• Traffic volumes and percentage of trucks 

• Posted speed 

 

 

Structural Integrity – 

Safety & Stability 

• Structure type 

• Structural materials & material specifications 

• As-built material qualities & current conditions 

• As-built construction qualities & current conditions 

• Traffic loads – trucks 

• Traffic volumes and percentage of trucks 

• Posted loads, permit loads 

 

Costs (User & Agency) 

Users 

• Accident costs 

• Detour & delay costs 

Agency 

• Initial construction costs 

• Maintenance, repair & rehabilitation costs 

• Traffic maintenance costs 

 

 
Under the first step of the LTBPP roadmap, specific aspects of bridge performance have been 

identified.  The relative importance of these issues has been examined by the team of LTBPP 

engineers and by a group of external experts who represent the stakeholders of the LTBPP. In 

Table 3, the conclusions of these engineers as to the highest priority issues in bridge 

performance are identified.  To arrive at this list it was necessary to consider several factrors for 

each performance issue: 

 

• The severity of the consequences or poor performance  

• The costs associated with ensuring satisfactory performance  

• The prevalence of the problem across the nation 

• The true impact of poor performance on user safety, the local and global environment 

and the economy plus on provision of essential and emergency services 
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Table 3 – High Priority Issues in Bridge Performance 

 
Bridge Performance Issue Comments 

Performance of Untreated Concrete 

Bridge Decks 

Concrete decks with bare mild steel reinforcing or epoxy coated 

reinforcing in the top or both mats 

Performance of Bridge Deck 

Treatments (Membranes, overlays, 

coatings, sealers) 

Concrete decks with bare mild steel reinforcing or epoxy coated 

reinforcing in the top or both mats with an additional protection 

system  

Performance, Maintenance and Repair 

of Bridge Deck Joints 

Exclusive of open joints 

Performance of Coatings for Steel 

Superstructure Elements 

 

Performance of Bare or Coated/Sealed 

Concrete Superstructures and 

Substructures (splash zone, soils, or 

exposed to deicer run-off) 

Resistance to corrosion from chloride penetration of the 

concrete 

Performance of embedded or ducted 

prestressing wires and post-tensioning 

tendons 

 

Performance of Bridge Bearings   

Performance of Precast Reinforced 

Concrete Deck Systems 

 

Performance of Jointless Structures  

Performance of Alternative 

Reinforcing Steels 

Includes fiber reinforced polymer composite bars, MMFX
TM

, 

various grades of stainless steel, stainless steel clad and 

galvanized bars 

Performance of  Scour Measures  

Performance of Weathering Steels  

Influence of Cracking on the 

Serviceability of High Performance 

Concrete Decks 

 

Bridges of the Future (Design and 

Materials) 

Performance of innovative technology, materials, construction 

practices, etc. 

Reliability: Fatigue, Seismic, Risk, 

Failure 

 

Criteria for Classification of 

Functional Obsolescence 

Impact of bridge geometry on user safety and traffic service 

 

The performance of concrete decks is the bridge performance issue with the highest 

priority to owners and users both.  It is important to owners because deck deterioration 

is the most common maintenance, repair and rehabilitation problem that owners must 

deal with and because these activities and consume a largest percent of maintenance and 

rehabilitation resources available to the owners.  Additionally the work to repair and 

replace decks has the most impact on users who must cope with accident-prone and 

delay causing highway work zones.  The long term performance of concrete decks is a 

complex issue involving many parameters that contribute to performance.  Deck 

performance is usually measured in terms of structural soundness and to a degree the 

riding quality of the deck surface.  While the fundamental causes of deck deterioration 

are known, several questions as to the best techniques to prevent deterioration and thus 

improve performance.  Table 4 provides a list of parameters that effect deck 

performance and a judgment as to the relative – high, medium and low - importance of 

measuring the parameter to assist in determining deck performance. 
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4 OBTAINING CRITICAL DATA FOR EVALUATION OF BRIDGE DECK 
PERFORMANCE 

For the example of the performance of bare concrete bridge decks, there is a large number of 

parameters that can impact the performance of the deck.  Table 4 indicates these parameters and 

rates them as of high, medium or low importance in evaluating bridge deck performance. 

 

Table 4 – High, Medium and Low Priority Data Items for Performance of Bare Concrete Bridge 

Decks 

 

High Priority Data Items Medium Priority Data Items Medium Priority Data Items 

Chloride profiles Scaling Concrete condition 

Crack width, length, depth Rideability     Efflorescence 

Cover over rebar Petrography     Exposure of rebar 

Corrosion measurements on 

rebars 
    Micro cracking Posted load 

Delaminations     ASR, DEF, carbonation Bearing condition and behavior 

Spalling  Estimated concrete proportions Deflection measurements 

Concrete Compressive Strength 

& Elastic modulus 
 Aggregate type, size and quality Differential deformation 

Efflorescence Moisture content  

Concrete specs (chem & mech 

prop) 
WIM Low Priority Data Items 

Permeability Relative Humidity Air quality - Industrial pollutants 

Slab thickness Precipitation - Rainfall # of lanes 

Depth of cover Marine environment Vertical & Horizontal Curvature 

Type of rebar Skew angle Posted speed 

Composite or non-composite Superelevation / cross-slope /  Natural frequency of vibration 

Traffic Volumes -

AADT/AADTT 
Natural frequency of vibration Camber loss or growth 

Temperature Approach slab condition Delamination 

Precipitation - Snowfall Rebar material  Rust staining 

Freeze-Thaw Chemistry Loss of section 

Roadway deicing salt use Tensile strength, Ductility Loss of prestress 

Thermal expansion coefficient Epoxy debonding  
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Depending on funds available to the LTBP program, each of these high priority bridge 

performance issues will be the subject of long term study to improve the understanding of the 

deterioration processes involved. Predict future performance and identify the strategies and 

actions that best maintain optimum performance.  The experimental studies will be rigorously 

designed and scientifically sound.  For each parameter that is selected for study, a specific test 

protocol will be identified or developed and followed exactly throughout the study.  To the 

extent possible standard test protocols such as ASTM will be used.  The methods of testing will 

range from visual inspections to nondestructive testing to physical and chemical testing to 

continuous monitoring with sensors. 

Prior to beginning the main long term monitoring phase of the studies, the roadmap for the 

LTBPP provides for a pilot study phase where the test protocols are selected, instruments are 

installed on selected bridges and test data is collected for 12 months.  The objectives of the pilot 

study are: 

• Verify data collection protocols 

• Field test NDE and SHM technologies 

• Evaluate reliability and usefulness of data 

• Test the data infrastructure 

• Determine necessary improvements to the above items 

The pilot study will involve seven bridges in seven different states in the United States.  Both 

steel and concrete superstructures will be selected so that the full range of testing and data 

collection protocols can be deployed.  Following the pilot study, the full experimental studies 

for the high priority bridge performance issues will be initiated. 

 


