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

research program to obtain the data and elicit the knowledge needed to support a much better 

understanding of bridge performance.  The performance of concrete bridge decks has been 

determined to be the highest priority bridge performance issue at this time.  Rigorous and 

scientifically sound experimental studies will be developed to collect critical data on deck 

performance issues and to develop the knowledge to understand them better.  Representative 

samples of highway bridges will be selected for evaluation and study under a variety of service 

conditions.  The Long Term Bridge Performance Program (LTBPP) will involve a range of 

different types of inspection, physical testing and long term monitoring to obtain the research 

quality data necessary to support a conclusive evaluation of bridge deck performance.  

Examples include: detailed visual inspections and photographic records, hands-on inspections 

with simple hand tools, physical testing for parameters such as chloride content in concrete, 

testing with NDE technologies, plus instrumentation for long term monitoring of structural 

response, deformations and movements as well as material degradation.  This paper discusses 

one example of the bridge deck performance issue and describes the types of NDE 

instrumentation that will be used in the LTBPP. 

 

1 INTRODUCTION 

The United States has a large database of historical data on bridges and bridge conditions, but 

despite this large volume of bridge data, the reasons why bridges perform as they do are not 

well understood and the ability to measure and express bridge performance in specific, 

quantifiable terms is lacking.  A true measure of bridge performance requires rigorous analyses 

of the complex interactions between the bridge structure, the foundation system, traffic and 

truck loads and other live loads (hydraulic, ice, waterborne debris, wind, seismic), as well as 

differing climatic and environmental conditions.  The type, timing and effectiveness of 

maintenance and repair interventions must also be factored in.  The ability to make the required 

analyses is limited by several factors.  The true nature of the cause and effect relationships that 

determine performance is not always well understood.  And, often times, the data necessary to 

examine the cause and effect relationships that govern performance is unreliable or not 

available.  Thus, the analyses of cause and effect to assist with the evaluation of performance 

must rely too heavily on imprecise relationships, expert knowledge, plus significant 

assumptions and/or generalizations. 
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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 to elicit the 

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.  High priority bridge 

performance issues have been identified and these will be the subject of rigorous, scientifically 

sound studies to evaluate performance.  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 High Priority Issues in Bridge Performance 

 

Bridge performance is a very complex issue, and in order to understand performance better and 

measure it in a meaningful way, it is useful to organize the primary issues in bridge performance 

into general categories.  One approach is to categorize bridge performance issues into four major 

components: 

 

• Structural condition - that is, the durability and serviceability of the structural components 

of the bridge, 

• Functionality - that is, the ability to convey automobile and truck traffic in a safe and 

efficient way, 

• Structural integrity - that is, a risk based assessment of the performance of the bridge 

subjected to scour, wind loading, seismic forces, repeated truck traffic, overloads, etc., 

and, 

• Costs – that is, costs incurred by bridge owners and highway users 

 

While all of these areas of performance are important, the most prevalent and costly problems in 

bridge performance today relate to the routine degradation of the durability and serviceability of 

the structural components of the bridge.  The substructure, bearings, superstructure and deck 

components of a bridge are vulnerable to damage due to processes initiated and/or accelerated by 

live load stresses and attack by deleterious chemicals such as the chlorides from winter deicing 

salts.  As will be seen in the following discussion, the most vulnerable of the bridge components 

is the concrete deck. 

 

1.2 High Priority Bridge Deck Performance Issues 

There are 473,359 highway bridges in the United States and the vast majority of these bridges 

have a reinforced concrete deck.  The decks on these bridges are inspected at least every two 

years and the conditon is rated on a scale of 0 to 9 where 0 represents a failed condition  (out of 

service - beyond corrective action) and 9 means excellent condition.  The average condition 

rating for all concrete bridge decks is 6.61, which is between 7 (good condition - some minor 

problems)  and 6 (satisfactory condition - structural elements show some minor deterioration.) 

 

Bridge decks seldom last for the entire service life of the bridge and it is common for the deck 

of a bridge to need major rehabilitation and/or complete replacement at least once during the 

service life of the bridge.  The costs associated with maintaining bridge decks at a satisfactory 

level of condition and ultimately rehabilitating them or replacing them is very substantial.   

 

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 
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common maintenance, repair and rehabilitation problem that owners must deal with and because 

these activities consume the largest percentage of maintenance and rehabilitation resources 

available to the owners.  Many state Departments of Transportation (DOTs) rank bridge decks 

as the most common and most costly element of their maintenance and rehabilitation programs.  

And with regard to user costs, the impact of deck maintenance and rehabilitation on traffic 

service due to detours, lane closures, and work zone accidents is very significant.  As noted in 

Table 1, the two highest priority issues related to bridge performance involve performance of 

reinforced concrete bridge decks. 

 

 
Table 1 – Highest 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 

 

 

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, there are still several questions as to the best techniques to 

prevent deterioration and thus improve performance.  Other bridge performance issues deemed 

to be of high priority include performance of precast reinforced concrete deck systems, the 

influence of cracking on the serviceability of High Performance Concrete (HPC) decks and the 

level of protection provided by more corrosion resistant rebars such as stainless steel.  These 

types of construction provide distinct advantages, but also present new performance questions 

that should be answered over the long term. 
 

 

2 EVALUATING PERFORMANCE OF REINFORCED CONCRETE BRIDGE DECKS 

 

The performance of reinforced concrete bridge decks in terms of durability and serviceability is 

perhaps one of the most difficult of all bridge performance issues to understand.  There are three 

reasons why the evaluation of deck performance is so complicated.  First, there is the very large 

number of distinct factors that affect deck performance.   The most important factors are shown 

below in Table 2.    Second is the difficulty in obtaining/measuring accurate data on the many 

factors that impact deck performance – this will be the prime objective of the LTBPP.  And, 

third is the lack of a complete and clear understanding of the cause and effect relationships that 

affect performance – data from the LTBPP will assist in improving that understanding.   
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Table 2 – Important Data Items for Performance of Concrete Bridge Decks 

 

Important Data Items Important Data Items Important Data Items 

Concrete compressive strength 

& Elastic modulus 
Traffic volumes- AADT/AADTT Chloride profiles 

Concrete specifications  

(chemical & mechanical 

properties) 

Temperature 
Corrosion measurements on 

reinforcing bars 

Permeability Precipitation – rain and snowfall Cracks: width, length, depth 

Depth of cover Freeze-Thaw cycles Delaminations 

Type of rebar Roadway deicing salt use Spalls 

Adhesive bond of epoxy 

coatings 
Weigh-In-Motion data Efflorescence 

Composite or non-composite 

design 
  

Cover over rebar Type of overlay  

Slab thickness Type of membrane  

Thermal expansion coefficient Applications of sealers  

Superstructure stiffness Routine maintenance practices  

 

Deterioration of concrete decks accelerated in the last few decades after many northern states in 

the U.S. adopted winter policies to provide “bare roads” for the highway user.  In order to do 

this, a quantum leap in the amount of deicing agents, primarily sodium chloride, applied to 

roads and bridges was necessary.  While this policy was quite successful in maintaining a safe 

and passable road system for the user, the hitherto unexpected impact of chloride applications 

on deck durability had begun.   

 

Many attempts have been made to increase the durability of concrete bridge decks.  These 

include: 

• Coating the reinforcing steel with epoxy in order to prevent the chloride ions from 

reaching the mild steel, 

• Increasing the depth of the concrete cover over the rebars to delay migration of chloride 

ions to the level of the rebars, 

• Placing a waterproof membrane on the top surface of the deck and then adding a 

wearing course of bituminous concrete, 

• Placing an overlay of dense concrete or polymer modified concrete on top of the deck to 

slow the migration of the chlorides, 

• Adding components to the concrete mix such fly ash, silica fume, etc., 

• Applying penetrating sealers to the top of the deck to slow the migration of the 

chlorides, 

• Deploying corrosion resistant reinforcing materials such as stainless steel, galvanized 

steel, clad stainless bars, fiber reinforced polymer composite bars, etc., and, 

• Developing so-called “High Performance Concrete” mixes that have significantly 

higher strength and/or significantly lower permeability 

 

All of these new technologies and materials present new performance questions that should be 

answered over the long term. 
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3 OBTAINING CRITICAL DATA FOR EVALUATION OF BRIDGE DECK 
PERFORMANCE 

Performance of concrete bridge decks is tied to durability of the bridge materials and to 

serviceability of the deck as manifested in the load capacity and in the riding quality of the deck 

surface.  In the terminology of the NBI rating system, concrete bridge decks eventually will 

degrade from ratings of 9, 8 & 7 where only minor problems are noted to ratings of 6, 5, & 4 

where cracking, minor to advanced section loss, spalling and advanced deterioration such as 

delaminations of the top surface.  Cracking and efflorescence may also be evident on the deck 

soffit.  Ratings of 4 or below indicate widespread serious damage and the need for major 

rehabilitation or full replacement.  This is the usual progress of deterioration of concrete decks 

that, as discussed previously, is dependent upon many interrelated factors.   

The important factors in deck performance are shown in Table 2.  Data on some can be obtained 

through legacy information from bridge plans, contract specifications, inspection reports, etc.  In 

some cases, design data may not be accurate and field testing may be appropriate.  For 

instances, actual values on concrete compressive strength & elastic modulus, permeability and 

chloride would require core sampling and testing in order to have accurate and useful data.  

Visual inspection of decks reveals ongoing deterioration only when surface damage is present.  

By this time, the deterioration processes are well underway and much of the damage has been 

done.  Therefore, some of the most critical data can only be obtained through nondestructive 

testing.  The data collected from nondestructive evaluation (NDE) of bridge decks should 

complement other information in understanding of lifecycle costs, deterioration mechanisms, 

and the effectiveness of preservation techniques at various stages of the aging process.  The 

many NDE techniques that can be used in deck evaluation are illustrated in Table 3.   

 

Table 3. NDE Techniques and Their Application in Bridge Deck Deterioration/Defect Detection and 

Characterization 

 

NDT Method Defect/deterioration applications Other applications 

Ground Penetrating 

Radar (GPR) 

Deterioration of concrete induced by 

corrosion, salt and acid actions, water 

penetration. Indirect delamination detection.  

Thickness of the deck, 

concrete cover, rebar 

location. 

Impact Echo (IE) 
Corrosion induced deck delamination 

detection and characterization. 

Thickness of the deck. 

Investigation of crack 

depth.  

Ultrasonic-echo (UE) Detection of voids and other anomalies. 
Localization of rebars and 

tendons. 

Infrared (IR) 

Thermography  

Detection of debonding of overlays,  

delamination, presence of moisture and near 

surface voids. 

 

Ultrasonic Surface 

Waves (USW) 

Measurement of degradation of mechanical 

properties (modulus, strength)  
 

Ultrasonic Transmission 
Measurement of degradation of mechanical 

properties, detection of voids and cracks 

Reinforcement and tendon 

ducts detection. 

Electrical Conductivity Damage to rebars and tendons  

Potential mapping Corrosion of reinforcement  

Spectral Induced 

Polarization (SIP) 
Detection of voids and presence of moisture 

 

Laser Induced 

Breakdown Spectroscopy 

(LISB) 

Near surface analysis of ingress of chemicals 
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However, the most important NDT technologies and techniques for concrete decks, will be the 

use of impact echo, ground penetrating radar (GPR), ultrasonic testing and half-cell corrosion 

potential measurement.  Each of the following technologies may play a role in the LTBPP in 

studies of the performance of concrete decks 

3.1 IMPACT ECHO 

The most common methods of evaluation of bridge decks in use today are chain dragging and 

hammer sounding.  However, these techniques have significant limitations because of their 

inability to detect early signs of delamination.  Seismic ultrasonic methods, impact echo in 

particular, can successfully overcome the limitations of these traditional methods. Three 

ultrasonic seismic techniques, namely ultrasonic body-wave (UBW), ultrasonic surface-wave 

(USW) and impact echo (IE), have been successfully implemented in the evaluation of bridge 

decks.  Impact echo can detect and assess delaminations at various deterioration stages. While 

IE evaluation is often conducted using an assumption of the concrete compression wave 

velocity, some integrated seismic/ultrasonic devices provide complementary wave velocity 

evaluation. 

Comparisons of the results of impact echo tests with those of chain dragging point to some 

similarity of the two approaches in detection of areas delaminations have progressed 

significantly (poor to serious condition of the deck) show good coorelation. The ability of the 

chain drag to identify those zones can be explained by the fact that the frequency response in 

such cases is in the audible range. On the other hand, the most of the zones identified by the IE 

as zones of initial delamination (fair to poor grades) may not be detected by the chain drag. The  

ability of IE tests to detect zones of initial delamination represents a significant advantage of the 

impact echo over the chain drag approach. It allows more accurate definition of boundaries of 

delaminated zones.  If done periodically over a number of years (as would be possible in the 

LTBPP) it can provide a better history and prediction of the progression of delaminations.  It 

could lead to better assessment and timing for implementation of protection or mitigation 

schemes and more reliable evaluation of the effectiveness of the schemes. 

3.2 GROUND PENETRATING RADAR 

Many DOTs have used ground penetrating radar (GPR) for evaluations of deck thickness, 

concrete cover and rebar configuration, potential for delamination, concrete deterioration, and 

estimation of concrete properties. The GPR condition assessment is based on measurement of 

signal attenuation on the top rebar level, which provides a rational approach in characterization 

of the severity of deterioration of concrete and potential for bridge deck delamination.   

Ground penetrating radar provides an electromagnetic (EM) wave reflection survey. A GPR 

antenna transmits high-frequency EM waves into the ground (the deck).  A portion of the energy 

is reflected back to the surface from the interface of two adjacent materials (usually layered 

materials such as decks with overlays, but also point targets, such as rebar) with different 

electrical properties (dielectric and/or conductivity contrasts) where it is received at the antenna.  

The remainder of the GPR energy continues to penetrate beneath this interface and additional 

energy is continually reflected back to the receiver from other interfaces until it is diminished. 

The velocity of propagation is dependent on the dielectric properties of the materials through 

which the GPR signal passes. The measured time of arrival of each of these signals and its 

amplitude are used to measure and estimate (using a calibrated data collection technique) 

subsurface “target” depths, GPR propagation speed, and often subsurface concrete condition. 

Electrical conductivity, as well as material dielectric properties, plays a primary role in how a 
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GPR signal will travel through a material.  Most directly, electrical conductivity (inverse of 

resistivity) directly affects how well GPR signals can penetrate through a material.  Metals 

cannot be penetrated (even dense wire screens or thin foils are impermeable to GPR); most 

construction materials (concrete, asphalt, or engineered pavement soils—base course and 

subbase) are fair to good host materials for GPR. Similarly, concrete that is moist and high in 

free chloride ions (or other conductive materials), such as a reinforced deck that has undergone 

deterioration due to corrosion of the rebar, can also significantly affect a GPR signal.  

The attenuation of the GPR signal at the top rebar level is normally used to represent the 

condition of the deck. When the antenna is centered directly above the rebar the highest 

amplitude return for the area near the rebar is obtained. This amplitude will be highest when the 

deck is in good condition and weak when delamination and corrosion is present, as illustrated 

by the results from numerical simulation of effects of concrete deterioration on the GPR signal 

attenuation.  Amplitudes for all points are normalized with respect to the best possible condition 

to obtain the plot of attenuation. The ground-coupled antenna’s smaller size and higher 

resolution gives it the unique ability to accurately measure top rebar reflection amplitude 

without clutter or noise from other reflectors, such as large aggregate or honeycombing in the 

deck.  Therefore, in most cases it is expected that the accuracy in estimating deck deterioration 

quantities of the ground coupled system will be higher. Once the final interpretation is 

completed, a unique deterioration threshold with respect to delamination can be established 

using ground truth, such as cores or NDE methods like impact echo. 

 

3.3 HALF-CELL CORROSION POTENTIAL MEASUREMENTS 

Corrosion of the reinforcing steel is the proximate cause of a large part of the deterioration of 

concrete bridge decks.  Measurement of corrosion activity is a critical data point in the 

continuing evaluation of bridge decks.  Half-cell potential measurement is a simple way to 

assess the probability of steel corrosion. The corrosion process dissolves Fe++ ions from the 

steel into the concrete porewater. Thus the potential of the reinforcement gets a negative 

polarization. Half-cell corrosion potential involves measurement of the electrical potential 

between the reinforcement and a reference electrode coupled to the concrete surface. By putting 

the electrode from one point to another or by using wheel electrode a potential map could be 

created. Regions with a more negative potential indicate a higher probability of corrosion. The 

ASTM C876 gives general guidelines for evaluating corrosion probability in concrete 

structures. A list potentials with the related probability predictions is shown in Table 4. 

Table 4. Probability of Corrosion According to Half-Cell Readings, Gu & Beaudoin (1998)  

 

Half/cell potential reading, vs. Cu/CuSO4 Corrosion activity 

Less negative than -0.200 V 90% probability of no corrosion 

Between -0.200 V and -0.350 V an increasing probability of corrosion 

More negative than -0.350 V 90% probability of corrosion 

It should be mentioned that half-cell potential measurements cannot give quantitative 

information about the actual corrosion rate of the reinforcement. Furthermore, the measured 

potential values are not only influenced by corrosion activity, but also by the concrete cover and 
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the concrete resistance. The resistance further varies with moisture content, temperature and ion 

concentrations. A combination of half-cell measurements with resistivity measurements may 

help interpreting the collected data.  

3.4 CONCLUDING COMMENTS 

The performance of reinforced concrete bridge decks is of paramount importance to both bridge 

owners and highway users.  Due to the large number of factors that govern deck behavior and 

the lack of useful reliable data on deck conditions, unraveling the question of deck performance 

is a particularly difficult problem.  Much of the processes that go on that ultimately lead to 

deterioration of concrete decks occur inside the deck and begin many years before the damage 

can be seen in visual inspections.  Therefore to study the long term performance of decks, it 

necessary to use testing methods that reveal the internal changes long before the damage 

becomes visible.  It is not feasible to consider a study that relies only on visual inspection plus 

physical testing such as concrete coring.  Such testing in addition to being time consuming and 

disruptive to traffic would not be acceptable to owners.  Therefore, it is critically necessary for 

the purposes of the FHWA’s Long Term Bridge Performance Program to deploy nondestructive 

testing technology to obtain the data necessary to effectively evaluate bridge deck performance 

and better understand the processes that govern them. 

The previous sections have briefly described some technologies that will probably be at the core 

of the LTBPP testing regimen for reinforced concrete bridge decks.  These technologies will 

help meet the needs of the LTBPP by providing data that is  

 

• Measurable using a reliable and repeatable test protocol 

• Easily and reliably interpreted or translated into common engineering terms 

• Obtainable and can be interpreted at a reasonable cost  

 

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 

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 (including 

NDE) and data collection protocols can be deployed.  Following the pilot study, the specific 

roles of NDE technology in the studies will be determined and the full experimental studies for 

all of the high priority bridge performance issues will be initiated. 
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