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ABSTRACT 

In this report, nondestructive test (NDT) methods are evaluated in the context of providing 

input parameters to perform bridge load rating calculations for different bridge types. 

Relevant NDT methods are identified based on diverse technologies including mechanical 

impact, acoustic, electromagnetic, electrical and chemical, cuclear, and miscellaneous 

methods. The required parameters for successful bridge load rating of concrete precast slab 

(COPCSS), concrete slab (COSLAB), concrete prestress channel (COPSCH), prestressed 

girder bridges, and steel bridges are identified and the available NDT methods to provide 

these parameters are presented. These parameters are categorized in three basic groups that 

consist of as-built geometric parameters, as-built strength parameters, and as-inspected 

strength parameters. All the available NDT techniques that can be used to obtain each 

parameter have been presented. Finally, the NDT methods are rated by cost, ease of use, and 

reliability of data using a three-level rating system and the most cost effective, feasible, and 

reliable methods have been recommended.
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IMPLEMENTATION STATEMENT 

The comprehensive literature review of the practice-ready NDT methods presented in the 

report indicates that the required bridge rating parameters could adequately be collected and 

used for successful analyses of various types of bridges such as Concrete Precast Slab 

(COPCSS), Concrete Slab (COSLAB), Concrete Prestress Channel (COPSCH), prestressed 

girder bridges, and steel bridges. 

Other parameters without NDT testing methods warrant further research by the industry. 

However, in practice, these parameters can be obtained from the Manual of Bridge 

Evaluation, the year the bridge was built, or based on standard practice and will likely not 

affect the rating significantly at the critical section (i.e., near the center of a span). This is 

common practice in load rating methodology and destructive testing would typically be 

performed only when ratings are less than desirable, and there is evidence that higher 

strength material may have been used. 

Based on the findings of this report, the researchers recommend an implementation study to 

develop a methodology for bridges when such information and parameters are not available. 

Such implementation stategy will be based on the most reliable, cost effective, and practical 

or easy to use methods identified in the study. The results of the methodology should also be 

tested via the use of blinded-experiments on several bridges to ensure the accuracy of the 

results obtained.  
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INTRODUCTION 

According to the bridge load rating group of the Louisiana Department of Transportation and 

Development (DOTD), there are about 8,000 bridges on the state system and 5,000 off-

system bridges owned by various entities in the state of Louisiana [1]. Title 23 of the US 

Code mandates sttates to inspect and evaluate all highway bridges for safety and 

serviceability [1]. To comply with this code, all bridges in the state should be evaluated and 

rated on a regular basis. 

Louisiana DOTD has hundreds of bridges for which the as-built plans are missing or 

incomplete. The unavailability of the needed information will prevent the bridge rater from 

performing the calculation to decide whether to post such bridge or not. This study identifies 

the best available nondestructive testing (NDT) and the related costs for determining 

currently missing as-built information for these bridges. 

A comprehensive literature review of the NDT methods is performed, and a summary of the 

available methods is presented. The required parameters for a successful bridge rating for 

each type of bridge of interest are presented. Based on the needed parameters established by 

the experienced bridge rating engineers at H&H, the most suitable technologies were selected 

for the measurement of the needed parameters. 
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OBJECTIVE 

The purpose of this project is to search and report available technologies and their related 

costs to determine needed information for LADOTD to perform the load rating for bridges 

that are missing as-built information. Examples of missing information include items that fall 

under geometry, such as bridge length, width, and other member dimensions; and items 

related to the strength of the bridge materials, concrete and/or steel, as well as reinforcing bar 

locations. Rating strategies will be developed based on the needed parameters for load rating 

of each type of bridge, such as concrete precast slab (COPCSS), concrete slab (COSLAB), 

and concrete pre-stressed channel (COPSCH), and to a lesser extent, pre-stressed girder 

bridges and steel bridges. Timber bridges were not included in this research per the original 

scope of work.
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SCOPE 

To determine the needed information, this report primarily focuses on the practice-ready, 

nondestructive testing methods, with an emphasis on the established national and 

international standard methods. If there is no standard testing method to determine the 

required information, then applicable NDT methods in the development phase (experimental) 

are presented. Successful application of the experimental methods cannot be warranted, and 

it may be required to perform some limited destructive testing to verify the results of the 

NDT tests. 
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METHODOLOGY 

Bridge load rating is an important indicator for infrastructure management authorities. To 

perform a successful bridge load rating, critical information is required for each type of 

bridge. Four key steps are typically followed to complete load rating analyses: (1) collect 

member properties, (2) calculate dead loads, (3) determine member capacity and applied 

loads, and (4) calculate rating factor.  

The first step involves the collection of data. If this information is not readily available, then 

a load rating cannot be performed successfully. This set of parameters was assembled for this 

report using the extensive experience of the authors and a literature review regarding the 

required information, software, and methods required to perform a load rating. 

When bridge material and geometry data are missing, nondestructive testing (NDT) methods 

offer the best means to safely and economically determine this information. To identify 

proper NDT methods for measuring the missing data for different types of bridges, the 

authors’ extensive NDT experience was used to guide a thorough literature view of the 

available NDT methods from the civil engineering field as well as from related industries, 

such as aviation, chemical, nuclear, and electronic devices. 

The deliverables for this research summarize the information required for a bridge load rating 

by bridge type and also present the technology available to gather missing information with 

an analysis of how this technology can be used to determine each parameter required for a 

bridge rating. The report concludes with a comprehensive and practical tabular presentation 

for each major bridge type and the required as-built information. These tables provide each 

required parameter and the NDT methods available to obtain that information. Each NDT 

method is rated based on cost, ease of use, and data reliability. 
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DISCUSSION OF RESULTS 

Bridge Load Rating, Definition, and Procedure 

A Chronological Review of the Bridge Load Rating Methods 

Performing a load rating for a new or existing structure produces vital information regarding 

its capacity and loading threshold. While the concept of load rating has largely remained 

constant, the methodology used to determine a structure’s rating factor has evolved 

concurrent with design procedures. The traditional rating analysis methods most commonly 

used are the allowable stress (ASR) and load factor (LFR) methods. However, as the design 

of new structures has shifted to load resistance factor design (LRFD), load ratings have also 

shifted to using a load and resistance factor rating (LRFR). These procedures are described in 

detail in AASHTO’s Manual for Bridge Evaluation [2]. In addition to the hand calculation 

methods as laid out in the manual, numerous analysis software programs have been 

developed that assist in producing rating factors for structures. These programs can be very 

useful to arrive at rating factors with relative ease for complex structure types and loading 

sequences. The most well-known load rating program is AASHTOWare bridge, which has 

the capability of determining the rating factor of a structure for a variety of loading vehicles 

[3]. 

Required Parameters for A Successful Bridge Load Rating 

Each of the following subsections addresses the information needed for determining the 

strength capacity of the major system components of main bridge members, which is 

required for load rating. However, in order to do a complete load rating of the bridges, an 

accurate account of dead load is required. Therefore, collecting information on sidewalks, 

barriers, wearing surface, secondary members, utilities, etc., is also required. These elements 

do not typically require NDT testing and can be measured directly during a hands-on 

inspection. 

Concrete Precast slab (COPCSS). Concrete precast slab bridges consist of shallow 

rectangular panels that are tied together transversely via concrete closure pours or post-

tensioning. These panels behave as both the superstructure as well as the riding surface. The 

panels may be solid concrete for its full depth or have a series of voids throughout. They are 

generally reinforced with ASTM A709 or A615 grade 60 reinforcement and may be 

prestressed [4]. 
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To perform a load rating of this type of structure, the information in Table 1 is required: 

Table 1  

Required information for load rating of concrete precast slab bridge (COPCSS) 

 As-Built 

Geometric Parameters 
As-Built 

Strength Parameters 

As-Inspected 

Strength Parameters 

 Span continuity 

 Number, length and spacing of 

beams 

 Slab width  

 Slab depth 

 Live loading zones 

 Bridge skew and radius (if 

curved) 

 Superimposed dead loads 

 Size of internal voids, if 

present 

 Concrete compressive 

strength 

 Rebar/strand size 

 Number of reinforcement 

layers 

 Reinforcement location and 

orientation for each layer 

 Rebar yield strength 

 Overall slab 

condition 

 Section loss to rebar 

(exposed and not 

exposed) 

 Concrete slab spalls 

 Rebar debonding 

 

The as-inspected strength parameters are determined from visual and hands-on inspection 

techniques, which include sounding of concrete, measuring spalls, and measuring 

reinforcement diameter. Values such as concrete thickness, original diameter of 

reinforcement, and debondment length can be verified from the original contract or as-built 

plans where available. 

 
 

Figure 1  

Multi-span precast slab made continuous for live load over intermediate pier [5] 
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Figure 2  

Multi-span precast slab made continuous for live load over intermediate pier [6] 

Concrete Slab (COSLAB). Concrete slab bridges consist of a continuously poured 

element that acts as both the superstructure as well as the riding surface. These bridges are 

similar to precast slab bridges. However, it is less common that these bridges have any voids. 

They are generally reinforced with ASTM A709 or A615 grade 60 reinforcement and may be 

post-tensioned [4]. 

To perform a load rating of this type of structure, the information in Table 2 is required: 

Table 2  

Required information for load rating of concrete slab bridge (COSLAB) 

As-Built 

Geometric Parameters 

As-Built 

Strength Parameters 

As-Inspected 

Strength Parameters 

 Span continuity 

 Number, length and spacing of 

beams 

 Slab width  

 Slab depth 

 Live loading zones 

 Bridge skew and radius (if 

curved) 

 Superimposed dead loads 

 Concrete compressive 

strength 

 Rebar/strand size 

 Number of reinforcement 

layers 

 Reinforcement location and 

orientation for each layer 

 Rebar yield strength 

 Overall slab condition 

 Section loss to rebar 

(exposed and not 

exposed) 

 Concrete slab spalls 

 Rebar debonding 

 

The as-inspected strength parameters are determined from visual and hands-on inspection 

techniques, which include sounding of concrete, measuring spalls, and measuring 

reinforcement diameter. Values such as concrete thickness, original diameter of 

reinforcement, and debondment length can be verified from the original contract or as-built 

plans where available. 
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Concrete Prestressed Channel (COPSCH). Concrete prestressed channel bridges 

consist of a series of C-shaped beams where the web of the channel acts as the deck and 

riding surface. The flanges of the channels behave similar to rectangular concrete beams that 

contain prestressing strands to provide flexural strength to the structure. 

To perform a load rating of this type of structure, the information in Table 3 is required: 

Table 3  

Required information for load rating of concrete prestressed channel bridge 

(COPSCH) 

As-Built 

Geometric Parameters 

As-Built 

Strength Parameters 

As-Inspected 

Strength Parameters 

 Span continuity 

 Number, length, and spacing 

of beams 

 Flange width and thickness 

 Web depth and thickness 

 Live loading zones 

 Identify if beams have a shear 

key 

 Identify if there is a deck slab 

and its connection to the 

beams 

 Identify if there are 

diaphragms 

 Bridge skew and radius (if 

curved) 

 Superimposed dead loads 

 Concrete compressive 

strength 

 Rebar/strand size 

 Number of reinforcement 

layers 

 Rebar and strand location 

and orientation 

 Rebar and strand yield 

strength 

 Strand contour 

 Strand bond zone 

 Stirrup size, spacing, and 

location 

 Stirrup yield strength 

 Deck rebar size and location 

 Deck rebar yield strength 

 Overall beam 

condition 

 Section loss to rebar, 

strands, and stirrups 

(exposed and not 

exposed) 

 Concrete spalls 

 Rebar and strand 

debonding 

 

The as-inspected strength parameters are determined from visual and hands-on inspection 

techniques, which include sounding of concrete, measuring spalls, and measuring 

reinforcement diameter. Values such as concrete thickness, original diameter of 

reinforcement, and debondment length can be verified from the original contract or as-built 

plans where available. 

 
Figure 3  

Typical cross section of prestressed concrete channel [7] 
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Figure 4  

Concrete channel bridge with diaphragms [8] 

The most common type of diaphragm used for this type of construction is a rectangular 

concrete beam. These diaphragms consist of reinforcement that is developed into the legs of 

the channel via inserts. The concrete for the diaphragm is placed from above through a hole 

in the web of the channel as shown in Figure 5. 

 
Figure 5  

Concrete channel bridge typical connection to deck [9] 

The typical methodology that is employed to create composite action between the beam and 

deck is extending reinforcement from the beam into the deck, as shown in Figure 6. 
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Figure 6  

Concrete channel bridge typical connection to deck [9] 

Prestressed girder bridges. Concrete prestressed girder bridges consist of multiple 

elements, such as box beams, T-beams, I-girders, etc., that usually act compositely with a 

deck slab.  

To perform a load rating of this type of structure, the information in Table 4 is required: 

Table 4  

Required information for load rating of prestressed girder bridges 

As-Built 

Geometric Parameters 

As-Built 

Strength Parameters 

As-Inspected 

Strength Parameters 

 Span continuity 

 Girder type, dimensions, 

spacing, number, and length 

 Live loading zones 

 Identify if beams have a shear 

key (where applicable) 

 Identify if there is a deck slab 

and its connection to the 

beams 

 Identify if there are 

diaphragms 

 Bridge skew and radius (if 

curved) 

 Superimposed dead loads 

 Concrete compressive strength 

 Rebar/strand size 

 Number of rebar layers 

 Rebar and strand location and 

orientation 

 Rebar and strand yield strength 

 Strand bond zone 

 Strand contour 

 Strand prestressing forces 

 Stirrup size, spacing, and 

location 

 Stirrup yield strength 

 Deck rebar size and location 

 Deck rebar yield strength 

 Overall beam condition 

 Section loss to rebar, 

strands, and stirrups 

(exposed and not 

exposed) 

 Concrete spalls 

 Rebar and strand 

debonding 

 

The as-inspected strength parameters are determined from visual and hands-on inspection 

techniques, which include sounding of concrete, measuring spalls, and measuring 

reinforcement diameter. Values such as concrete thickness, original diameter of 

reinforcement, and debonding length can be verified from the original contract or as-built 

plans where available. 
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Adjacent box beam bridges can be tied together transversely via grouting and/or post-

tensioning, as shown in Figure 7, to ensure all beams are acting as a unit and differential 

deflection does not occur between adjacent members. 

 
 

Figure 7  

Concrete channel bridge typical connection to deck [6] 

Steel Bridges. Steel bridges consist of a multitude of various types, such as multi 

girder, floor system (girder, floor beam, stringer), truss, arch, cable, open box beam, etc. The 

deck/riding surface for these systems can also vary from concrete slab, steel grid (open, 

filled, and partially filled), steel plate, orthotropic, etc. 

To perform a load rating of this type of structure, the information in Table 5 is required: 
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 Table 5  

Required information for load rating of steel bridge primary system 

As-Built 

Geometric Parameters 

As-Built 

Strength Parameters 

As-Inspected 

Strength Parameters 

 Bridge type 

 Span continuity 

 Deck type 

 Girder type (if applicable) 

 Girder dimensions, length, 

spacing 

 Number of girders 

 Shear stud size and spacing 

 Live loading zones 

 Deck thickness and connection 

 Identify if there are diaphragms 

 Bridge skew, radius (if curved) 

 Superimposed dead loads 

 Concrete compressive 

strength (if applicable) 

 Deck rebar size 

 Number of 

reinforcement layers 

 Deck rebar location 

and orientation 

 Deck rebar yield 

strength 

 Steel member yield 

strength 

 Section loss and 

deformations to steel 

members in high stress 

areas 

 Spalled deck 

 Deck rebar section loss 

 Deck rebar debonding 

 Deck connection (if 

applicable) 

 

Elements that make up steel bridges are assembled via connections and connector elements, 

which are required to transfer force from one member to another. These connections 

generally consist of bolts, rivets, welds, gusset plates, splice plates, or connector plates. 

To perform a load rating of this type of structure, the information in Table 6 is also required: 

Table 6  

Required information for load rating of steel bridge connections 

As-Built 

Geometric Parameters 

As-Built 

Strength Parameters 

As-Inspected 

Strength Parameters 

 Number of bolts/rivets 

 Bolt/rivet size 

 Bolt/rivet center to center 

spacing and edge distance 

 Bolt/rivet group pattern and total 

length 

 Bolt thread length/stick through 

 Hole size and orientation of slot 

(if applicable) 

 Weld length 

 Identify connection type 

 Thickness of connected members 

 Number of connected piles 

 Steel member yield 

strength 

 Bolt material type 

 Filler metal strength 

 Weld size 

 Surface condition of 

connected members 

 

 Section loss and 

deformations to connected 

members and to bolts/rivets 

 Missing or loose bolts/rivets 

 Sheared bolts/rivets 

 Cracked welds 

 Cracked connected 

members 

 Detection of slip between 

connected members or 

stress deformations in steel 

 Gaps or pack rust between 

connected members 
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Nondestructive Testing Methods 

According to the American Society of Nondestructive Testing (ASNT), “nondestructive 

testing (NDT) is the process of inspecting, testing, or evaluating materials, components or 

assemblies for discontinuities, or differences in characteristics without destroying the 

serviceability of the part or system” [10]. 

According to ACI 301-99, the use of nondestructive testing is restricted as the sole basis for 

accepting or rejecting concrete, though they may be used to “evaluate” concrete when the 

standard-cured cylinder strengths fail to meet the specified strength criteria [11]. For using 

an in-place test method, sufficient correlation data between cored or existing cylinders and 

the measured in-situ parameters are required [12]. In-place testing does not eliminate the 

need for coring, but it can reduce the total amount of coring needed to evaluate a large 

volume of concrete. For existing construction, the relationship is usually established by 

performing in-place tests at selected locations in the structure and determining the strength of 

cores drilled from adjacent locations. Figure 8 is a schematic of a strength relationship in 

which the cylinder compressive strength is plotted as a function of an in-place test result. 

This relationship would be used to estimate the strength of concrete in a structure based on 

the value of the in-place test result obtained from testing the structure. The accuracy of the 

strength estimate depends on the degree of correlation between the strength of concrete and 

the quantity measured by the in-place test [12].  

 
 

Figure 8  

Schematic of relationship between cylinder compressive strength and in-place test value 

[12] 
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The nondestructive testing (NDT) methods for the inspection of concrete and steel bridges 

are summarized in the following sections. The following discussion divides the NDT 

techniques into six technology categories: 

 Mechanical Impact 

 Acoustic 

 Electromagnetic 

 Electrical/Chemical 

 Nuclear 

 Miscellaneous 

Mechanical Impact 

Static or dynamic stress fields are generated to identify mechanical peroperties of materials. 

The dynamic test provides information on the elastic behavior of the material (modulus) and 

the static test transcends the elastic phase and indicates the point of failure (strength) [13]. 

Rebound Number (ASTM C 805). The operation of the rebound hammer (also 

called the Schmidt Hammer or Swiss Hammer) is illustrated in Figure 9. The device consists 

of the following main components: (1) outer body, (2) plunger, (3) hammer, and (4) spring. 

To perform the test, the plunger is extended from the body of the instrument and brought into 

contact with the concrete surface. When the plunger is extended, a latching mechanism locks 

the hammer to the upper end of the plunger. The body of the instrument is then pushed 

toward the concrete member. This action causes an extension of the spring connecting the 

hammer to the body (Figure 9(b)). When the body is pushed to its limit of travel, the latch is 

released, and the spring pulls the hammer toward the concrete member (Figure 9(c)). The 

hammer impacts the shoulder area of the plunger and rebounds (Figure 9(d)). The rebounding 

hammer moves the slide indicator, which records the rebound distance. The rebound distance 

is measured on a scale numbered from 10 to 100 and is recorded as the rebound number. This 

test method is applicable to assess the in-place uniformity of concrete, to delineate variations 

in concrete quality throughout a structure, and to estimate in-place strength if a correlation is 

developed between rebound numbers measured on the structure with the measured strengths 

of cores taken from corresponding locations (ASTM C 805) [12, 14]. 
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Figure 9  

Schematic to illustrate operation of the rebound hammer [12] 

Penetration Resistance (ASTM C 803/C 803M). In the penetration-resistance 

technique, the depth of penetration of a probe or a pin forced into the hardened concrete is 

measured. The depth of penetration of the probe is an indicator of the concrete strength. 

Penetration tests are less affected by surface conditions than the rebound number method. 

The coarse aggregate, however, has a significant effect on the resulting penetration. For the 

gun-driven probe system, the type of coarse aggregate affects the strength relationship; for 

the spring-driven pin system, tests that impact coarse aggregate particles are disregarded. It is 

standardized by ASTM C803 / C803M-17, “Standard Test Method for Penetration Resistance 

of Hardened Concrete” [12, 15]. 

Pullout Test for Existing Structures (ASTM C 900). The pullout test can be used to 

estimate the strength of concrete by measuring the force required to extract an insert 

embedded in fresh concrete or installed in hardened concrete. In existing construction, it is 

possible to perform pullout tests using post-installed inserts. There is a strong relationship 

between the compressive strength of concrete and pullout strength. The procedure for 

performing post-installed pullout tests in existing structures based on ASTM C900 is 

summarized in Figure 10. [12, 16] 
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 Figure 10  

Technique for post-installed pullout test [12] 

In a commercial test system, known as CAPO (for Cut And Pull Out), the insert is a coiled, 

split ring that is expanded with specially designed hardware. The CAPO system performs 

similarly to the cast-in-place system of the same geometry [12, 17, 18]. 

Acoustic  

In these methods, static or dynamic stress waves are produced using acoustic/mechanical 

impact to determine mechanical characteristics of materials. Changes in the behavior of the 

waves within materials provide information to detect reinforcing bars, voids, cracks, 

delaminations, and other interfaces or inclusions. Acoustic wave spectrum and the frequency 

range for different acoustic NDT methods are presented in Figure 11[19]. 

 
 Figure 11  

The frequency range for different acoustic NDT methods [19] 
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Figure 12 presents possible travel paths of stress waves generated by mechanical impact to 

sensors in forward scattering field [20]. 

 
Figure 12  

Possible travel paths of stress waves generated by mechanical impact to sensors in 

forward scattering field (a) before cracking, (b) after cracking with open crack, and (c) 

partially closed crack [20] 

Ultrasonic Pulse Velocity. The time of travel for an ultrasonic pulse through 

concrete is used in this method to detect elastic properties, density, and uniformity of 

concrete based on ASTM C597-16 “Standard test method for pulse velocity through 

concrete” [21]. Ultrasonic pulse velocity (UPV) test method can be used to determine the 

extent of defects, including voids, honeycombing, cracks, and segregation. This method 

requires access to both sides of the member. Figure 13 presents the effects of defects on 

travel time of ultrasonic pulse and schematics of UPV test [22]. 
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Figure 13  

(a) Effects of defects on travel time of ultrasonic pulse, and (b) schematic of through-

transmission test system [22] 

The ultrasonic pulse velocity is proportional to the square root of the elastic modulus, which 

may provide a means of estimating strength of concrete, even though there is no direct 

physical relationship between these two properties [22]. Because elastic modulus and 

strength are not linearly related, pulse velocity is inherently a less-sensitive indicator of 

concrete strength as strength increases. The amount and type of aggregate has a strong 

influence on the pulse velocity versus strength relationship, and the in-place pulse velocity is 

affected by moisture content and the presence of steel reinforcement [12, 21]. 

Ultrasonic Pulse Echo. Ultrasonic pulse-echo techniques can be used to determine 

the integrity of materials by accessing only one surface of the concrete structure under 

investigation. The principle of the echo tests is shown in Figure 14. This method measures 

the change in acoustic impedance at various interfaces, voids, reinforcing bars, cracks, 

delaminations, and other interfaces [13]. 

 
Figure 14  

Schematic of ultrasonic-echo methods: (a) pulse-echo method, (b) pitch-catch method, 

and (c) multiple pitch-catch using transducer array [22] 
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ASTM E797 provides guidelines for measuring the thickness of materials using the contact 

pulse-echo method. This practice is applicable to any material in which ultrasonic waves will 

propagate at a constant velocity throughout the part, and from which back reflections can be 

obtained and resolved. Ultrasonic thickness measurements are used extensively on basic 

shapes and products of many materials, on precision machined parts, and to determine wall 

thinning in process equipment caused by corrosion and erosion. In addition, ultrasonic testing 

can be used to inspect welds, bolts, and rivets of steel members [23]. 

According to FHWA Technical Advisory 5140.31, ultrasonic testing (UT) can be used to 

determine the remaining section thicknesses in gusset plates that have areas that cannot be 

seen [24]. Ultrasonic thickness measuring devices (also known as D-meters) are attainable, 

inexpensive, and easy to use [25]. 

Impact-echo. In the impact-echo method, a mechanical impact is used to produce 

stress waves in material. The location and extent of the defect can be determined by 

identifying the dominant frequencies associated with reflections of the stress waves. The 

principle of the impact-echo technique is illustrated in Figure 15 [22]. The impact-echo 

technique can be used for determining the thickness and flaws in plate-like structural 

members, such as slabs and bridge decks with or without overlays. The use of the impact-

echo method for determination of the thickness of concrete plate elements was standardized 

in ASTM C1383 [26]. 

The impact-echo technique has been used for detecting flaws in beams, columns, and hollow 

cylindrical structural members; assessing the quality of bond in overlays; measuring crack 

depth; and void detection in grouted ducts of post-tensioned bridge beams. 

 
Figure 15  

(a) Schematic of impact-echo method, (b) amplitude spectrum for test of solid slab, and 

(c) amplitude spectrum for test over void in slab [22] 
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Spectral Analysis of Surface Wave (SASW). In this method, R-waves are generated 

using a series of mechanical impacts with variable excitation frequencies. The general test 

configuration is illustrated in Figure 16. Two accelerometers are used to capture the R-wave 

frequencies that propagate along the surface. This data is used to infer the stiffness of the 

underlying layers [22]. Measured changes in the elastic properties of concrete slabs by 

SASW are used for the preliminary assessment of material stiffness, condition, and layer 

thickness [13].  

 
Figure 16  

Schematic of spectral analysis of surface wave (SASW) method [22] 

An ultrasonic transducer can be used to produce excitations on a concrete surface. This 

method is called ultrasonic surface wave (USW) and can be used to obtain the concrete 

modulus profile [27]. Data from a USW test is typically presented as the concrete modulus 

distribution. Figure 17 presents an example contour map of concrete modulus distribution 

obtained from USW testing [28]. 

 
Figure 17  

Contour map of concrete modulus distribution from USW testing [28] 
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Impulse Response. The impulse response method uses a low-strain impact typically 

by a 3-lb (1.5 kg) instrumented hammer with a plastic tip to send stress waves through the 

tested element [22]. 

The frequency spectra from the impact hammer sensor and the response at the nearby 

transducer (displacement, geophone, or accelerometer) are obtained, as shown in Figure 18. 

The ratio of the displacement and impact spectra represents a flexibility spectrum, and the 

ratio of the velocity and impact spectra is termed mobility spectrum. ASTM C1740 

standardized the impulse response method to evaluate the condition of concrete plates [29]. 

 
 

Figure 18  

Principle of impulse response testing [30] 

Acoustic Emission (AE). According to ASTM E 1316 “Standard Terminology for 

Nondestructive Examinations,” acoustic emission is defined as “the class of phenomena 

whereby transient elastic waves are generated by the rapid release of energy from localized 

sources within a material.” [31].  ASTM E3100 standardized the acoustic emission 

examination of concrete structures. The acoustic emission method can be used to detect and 

monitor internal cracks growing in the concrete, assess crack growth rate as a function of 

different load or environmental conditions, or to detect concrete micro-cracking due to 

significant rebar corrosion [32]. Acoustic emission is a continuous real-time structural 

monitoring method. Figure 19 presents a schematic illustration of the principle of the 

acoustic emission process. 

http://www.astm.org/Standards/E1316.htm
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Figure 19  

Schematic illustrating the principle of the AE process, and the characteristics of typical 

burst signals recorded from the sensor [19] 

Ultrasonic Phased Arrays / Ultrasonic Phase Spectroscopy. In this method, a 

transducer assembly with multiple elements arranged in a strip (linear array), a ring (annular 

array), a circular matrix (circular array), or a more complex shape is used for mapping 

components at appropriate angles, and the inspection of components with complex 

geometries. This method can be used in weld inspection, bond testing, thickness profiling, 

and in-service crack detection [13]. Figure 20 presents a schematic view of a phased array 

probe arangement [33]. 

 
Figure 20  

Schematic of (a) a PA probe arrangement and (b) an example of data display in 

sectorial scan presentation. By sweeping the ultrasonic beam, a weld volume can be 

inspected [33] 
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Standard Practice for Measuring Delaminations in Concrete Bridge Decks by 

sounding. Methods described in ASTM D4580 / D4580M - 12(2018) may be used in 

determining the general condition of concrete bridge decks by sounding to determine any 

delamination in the concrete. It is not intended that the procedures described in this standard 

practice to be used on bridge decks that have been overlaid with bituminous mixtures. The 

following three procedures are covered in this practice [34]. 

 Electro-mechanical sounding device: This procedure uses an electric-powered tapping 

device, sonic receiver, and recorder mounted on a cart. The cart is pushed across the 

bridge deck, and delaminations are recorded on the recorder [34]. 

 Chain drag: This procedure consists of dragging a chain over the bridge deck surface. 

The detection of delaminations is accomplished by the operator noting dull or hollow 

sounds. Tapping the bridge deck surface with a steel rod or hammer may be 

substituted for the chain drag [34]. 

 Rotary percussion: This procedure consists of rolling a dual-wheel, multi-toothed 

apparatus attached to an extension pole over the bridge deck surface. The percussive 

force caused by the tapping wheels will create either a dull or hollow sound, 

indicating any delamination [34]. 

Hardness. The hardness test measures the material’s resistance to plastic 

deformation. There usually is an indentation made on the surface of the material. If the 

hardness test is made without indentation by using eddy currents or ultrasonic, it can be 

considered truly nondestructive [35]. ASTM A1038 defines the procedure for performing a 

portable hardness test by the ultrasonic contact impedance method [36]. As it is shown in 

ASTM A370, there is a correlation between the hardness number and the tensile strength of 

steel [37]. According to a survey performed by Thiel et al. (2001), the Arizona Department 

of Transportation used in-situ hardness testing for material confirmation [38]. 

Electromagnetic 

In these methods, electromagnetic waves are produced (no net electrical current passing 

through the element) and transmitted or reflected waves are used to identify inclusions and 

voids within materials [13].  

Ground Penetrating RADAR (GPR). In Radio Detection and Ranging (RADAR), 

the reflection of the emitted electromagnetic waves, which are radio- or micro-waves, is used 

to detect objects in different medium. 
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Ground Penetrating RADAR (GPR) is a radar system developed for detecting buried objects 

in the ground or concrete. The working principle of GPR is presented in Figure 21, where an 

electromagnetic pulse is emitted via a transmitter antenna, and the reflected waves at the 

surface and interior layer boundaries of an object are recorded via the receiver antenna [39]. 

ASTM D6087 - 08(2015)e1 “Standard Test Method for Evaluating Asphalt-Covered 

Concrete Bridge Decks Using Ground Penetrating Radar” describes the process for 

evaluation of concrete bridge deck with RADAR [40]. 

 
Figure 21  

GPR signal for concrete bridge deck [41] 

Light Detection and Ranging (LiDAR). According to FHWA (2016), “Light 

Detection and Ranging (LiDAR) is a remote sensing method that uses pulsed laser light to 

examine terrain and generate precise, three dimensional (3D) information regarding surface 

shape and characteristics. [42]  LiDAR estimates a distance from the device to a target point 

by measuring the time of flight or phase shift of the reflected laser beam , and can be used for 

long-range and large-area scanning [43]. Figure 22 shows the two working principles of 

LiDAR. The red solid line and blue dotted line denote the paths of the reference and reflected 

laser beam, respectively. BS, D, T, and φ refer to a beam splitter, distance to the target, time 

of flight of the reflected laser pulse, and phase difference between two laser beams, 

respectively [44]. 
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Figure 22  

Schematic diagram of LiDAR measurement working principle: (a) time of flight 

measurement and (b) phase shift measurement [44] 

ASTM standard E2938 helps evaluate the measurement performance of 3D imaging systems 

for the selection of a suitable instrument that has an acceptable range and error [45].  

The three platforms for collecting LiDAR data are drone, helicopter or fixed wing airplane, 

vehicle (truck or van), and tripod. The vertical accuracies of LiDAR measurements based on 

the platform are shown in Table 7. 

Table 7   

Vertical accuracies of LiDAR data acquisition methods [42] 

Method  Network Accuracy 

(RMS)1  

Fixed Wing Aerial 

LiDAR/Photogrammetry  

3 in. – 6 in. 

Low Altitude Helicopter 

LiDAR/Photogrammetry  

1 in. - 2 in. 

Mobile LiDAR  1/2 in. - 1 in. 

Tripod-Mounted Static LiDAR  1/4 in.- 1/2 in. 
1 Root Mean Square 

Magnetic Flux Leakage. Discontinuities in a material cause distortions in the flux 

lines of a magnetized member. In the Magnetic Flux Leakage method, the Hall Effect sensor, 

an electronic device, is used to identify these discontinuities. Magnetic Flux Leakage can 

reveal both internal and external flaws in the material [38]. A standard test method has been 
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developed for the inspection of steel wire rope (ASTM E1571 - 11(2016)e1) and steel tubular 

products (ASTM E570 - 15e1) based on the magnetic flux leakage method [46, 47]. 

Eddy Current Array. Eddy current array allows for a fast examination of carbon 

steel welds for surface-breaking cracks located on the surface closest to the sensor. ASTM 

E3052 describes the standard methods for the detection of surface cracks in the carbon steel 

welds using the eddy current array method [48]. 

The principle of the eddy current flow detection is based on the flow of an electrical current 

through a wire coil. If the coil is placed near an electrical conductive material, the 

electromagnetic field permeates the material and causes the flow of an electrical current 

within the material. These currents flow circularly and parallel to the surface. Due to the fact 

that they diminish quickly with increasing depth, they are called eddy currents. Since the 

flowing of the electrical current causes an electromagnetic field, another electromagnetic 

field is brought into existence. The second electromagnetic field in this consideration, is 

called secondary field in contrast to the exciting field, which is also called the primary field. 

These electromagnetic fields are counteracting, forming a resulting electromagnetic field, 

which is detected and measured by a second coil rendering a measuring voltage [49]. Defect 

inspection is based on the fact that these measured voltages differ in cases of sound and 

defective material [49]. A schematic illustration of the principle of the flow detection by the 

eddy current method is shown in Figure 23. 

 
Figure 23  

Principle of eddy current technology [49] 

Eddy currents can also be used to determine the concrete cover over reinforcing steel. BS 

standard 1881-204:1998, “Recommendations on the Use of Electromagnetic Covermeters,” 

provides guidance on the usage of covermeters as illustrated in Figure 24 [50]. 
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Figure 24  

Cover meter based on eddy current [22] 

Magnetic Reluctance. The resistance to magnetic flux is called reluctance. Figure 25 

shows the working principle of a covermeter based on the changes in the reluctance of a 

magnetic circuit. The reluctance of the magnetic circuit depends strongly on the distance 

between the bar and the poles of the yoke and the size of the bar. An increase in a concrete 

cover increases the reluctance and reduces the current in the sensing coil. If the reluctance 

was plotted as a function of the cover for each bar size, it could be used to measure the cover 

[22].  

 
Figure 25  

Cover meter based on principle of magnetic reluctance [22]  
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Magnetic Particle. The magnetic particle method of nondestructive testing indicates 

the presence of surface and near-surface discontinuities in materials that can be magnetized 

(ferromagnetic). This method can be used for production examination of parts/components or 

structures and for field applications where portability of equipment and accessibility to the 

area to be examined are factors (ASTM E709) [51]. ASTM E1444 establishes minimum 

requirements for magnetic particle testing used for the detection of surface or slightly 

subsurface discontinuities in ferromagnetic material [52]. Guide ASTM E709 can be used in 

conjunction with this practice as a tutorial. 

The area of a member to be examined can be magnetized by applying a current to the 

member. Fine iron powder flakes are applied to the magnetized area. The iron powder 

accumulates along flux lines and at locations where discontinuities in the material prevent the 

smooth flow of current. This method can be used to identify surface flaws but does not locate 

internal flaws [38]. 

Infrared Thermography (passive and active). Infrared (IR) thermography methods 

are non-contact temperature mesurement methods that are used to visualize and quantify 

damage by detecting changes in heat transfer characteristics near the defect using an IR 

camera [44]. In the passive IR method, the natural sunlight and the ambient temperature are 

used as the heat source. Clark et al. detected delamination in a concrete slab of a bridge by 

detecting regions with abnormal temperature in comparison with the rest of the areas by 

using sunlight as a passive heat source [53]. 

In active thermography methods, a controlled heat source, such as a halogen lamp, and an 

acoustic transducer are used [54]. Recently, a high-power laser has been used as a heat 

source for active thermography [55]. ASTM D4788-03(2013) standardized the test method 

for detecting delamination in bridge decks using infrared thermography [56]. 

Electrical/Chemical 

In these methods, a net alternating or direct current passes through the element. Electrical or 

electrochemical instrumentation is used to identify changes in the chemical state of the 

material based on a reference cell [13]. 

Half-cell Potential. In half-cell potential, the voltage (i.e., potential difference) 

between the steel reinforcement and a standard reference electrode is measured to indicate 

the likelihood of reinforcement corrosion. The half-cell potential method is used to determine 

the likelihood of corrosion activity. The standard test method is given in ASTM C876 and is 

illustrated in Figure 26. It is often necessary to use other data, such as chloride contents, 

depth of carbonation, delamination survey findings, rate of corrosion results, and 
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environmental exposure conditions, in addition to corrosion potential measurements, to 

formulate conclusions concerning corrosion activity of embedded steel and its probable 

effect on the service life of a structure [22, 57]. 

 
Figure 26  

Half-cell potential method [22] 

Electrical Resistivity. In this method, concrete is part of an electrical circuit where 

the amount of current that will flow for a given voltage is a measure of the concrete 

resistivity. The corrosion rate of the concrete is a function of electrical resistivity [13]. The 

electrical resistivity can be used for predicting the degradation process of concrete structures 

[58]. Electrical resistivity has been used as a measure of concrete to resist chloride ingress, 

and the process is described in ASTM C1202 - 18 “Standard Test Method for Electrical 

Indication of Concrete's Ability to Resist Chloride Ion Penetration” [59]. Figure 27 presents 

a schematic view of the four-point Wenner probe for determining the resistivity of field 

concrete. 

 
   Figure 27  

Four-probe method for measuring concrete resistivity [19] 



34 

Nuclear 

Neutron sources can be used to measure the amount of moisture in concrete and to determine 

the elemental composition of concrete. All nuclear test methods require test personnel to 

have specialized safety training and licensing. The application of nuclear tests is limited due 

to safety considerations of generating sufficiently high-energy neutrons to pass through large 

concrete elements [19, 60]. 

Direct Transmission Techniques. Direct transmission techniques can be used to 

detect reinforcement in concrete structures and the in-place density both in fresh and 

hardened concrete (ASTM C1040/C1040M) [22]. In Figure 28, the working principle of the 

direct transmission techniques is illustrated. As it is shown, the radiation source is placed on 

one side and the detector is placed on the opposite side of the concrete element. As the 

radiation passes through the concrete, a portion is scattered by free electrons, and another 

portion is absorbed by atoms. The amount of the scattering depends on the density of the 

concrete, and the amount of absorption depends on chemical composition [22]. 

 
Figure 28  

Direct transmission radiometry with source and detector external to test object [22] 

Backscatter Radiometry for Density. The procedure for using the backscatter 

method to measure the density of hardened concrete is illustrated in Figure 29. 

Backscatter technique is best suited for measurement of the density of the surface zone of a 

concrete element. A good example of this method is monitoring the density of bridge deck 

overlays [22]. 
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Figure 29  

Schematic of backscatter nuclear density gauge [22] 

Radiography. In the radiography method, electromagnetic radiation is used to 

determine the location and extent of imperfections. This method can be used to detect cracks, 

voids, honeycombs, ducts, and the location of reinforcing steel. Moreover, radiographic 

method is used to inspect the quality of butt welds in the fabrication of steel plates for bridge 

girders, as indications of cracks and discontinuities in the welds will show up as darker areas 

on the high contrast image [61]. ASTM E390 describes the standard method for radiographic 

inspection of the steel fusion welds [62]. According to Ocel, radiography appears to be a 

viable tool to determine section loss and its magnitude (area and depth) in multilayered 

gusset plate connections [25]. 

 
Figure 30  

Schematic of radiographic method [22] 

Miscellaneous 

Liquid Penetrant Testing. Penetrant testing is a nondestructive testing method for 

detecting discontinuities that are open to the surface, such as cracks, seams, laps, cold shuts, 
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shrinkage, laminations, through leaks, or lack of fusion. This is applicable to in-process, 

final, and maintenance examinations. It can be effectively used in the examination of 

nonporous, metallic materials, ferrous and nonferrous metals, and of nonmetallic materials, 

such as nonporous glazed or fully densified ceramics, as well as certain nonporous plastics, 

and glass (ASTM E1417). 

ASTM E165 covers procedures for penetrant examination of materials and ASTM E1417 

establishes the minimum requirements for conducting liquid penetrant examination of 

nonporous metal, and nonmetal components. Liquid penetrant testing can be used to verify 

and measure existing surface cracks on a steel bridge member. The surface to be examined is 

first cleaned, and a dye is applied to the member. A developer is administered, which reveals 

the cracks on the exterior of the member [38, 63, 64].  

Visual Inspection and Direct Measurement. Many parameters required for load 

rating can be obtained by visual observation of the structure and by measuring the visible 

components. This technique would include photographic documentation of visible 

components and documentation of measurements, either photographically or in writing.  

NDT Methods Organized by Type of Testing 

Table 8 organizes this content by the type of testing required for bridge load ratings. This 

table provides the standard by which the test is performed, the type of technology, an average 

cost range to obtain the testing in the field and whether lane closure is required for the test. .  
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Table 8   

NDT methods organized by type of testing required for bridge load rating 

NDT Method Standard Technology Cost Range 
Lane 

Closure 

Determining Concrete Properties     
Ultrasonic pulse echo ASTM E797 Acoustic $1,700 Y 

Impact-echo ASTM C1383 Acoustic $2,500+ Y 

Spectral analysis of surface wave --- Acoustic $3,500 Y 

Impulse response ASTM C1740 Acoustic $2,500 Y 

Acoustic emission ASTM E3100 Acoustic $2,500 N 

Electro-mechanical sounding device ASTM D4580 Acoustic $2,500 Y 

Chain drag ASTM D4580 Acoustic $100 - $200 Y 

Rotary percussion ASTM D4580 Acoustic $100 - $150 Y 

Ground penetrating RADAR ASTM D6087 Electro-magnetic $2,500+ N 

Cover meter (eddy currents) BS 1881-204 Electro-magnetic $2,500 Y 

Cover meter (magnetic reluctance) BS 1881-204 Electro-magnetic $2,500 Y 

Half-cell potential ASTM C876 Electrical/ Chemical $5,000 Y 

Electrical resistivity ASTM C1202 Electrical/ Chemical $1,250 Y 

Infrared thermography (passive & active) ASTM D4788 Electro-magnetic $5,000+ varies N 

Light detection and ranging (LiDAR) ASTM E2938 Electro-magnetic $5,000+ varies N 

Determining Concrete Density     
Direct Transmission ASTM C1040 Nuclear $750 Y 

Backscatter Radiometry ASTM D6938 Nuclear $750 Y 

Radiography ASTM E1472 Electro-magnetic $2,500 Y 

Determining Concrete Strength     
Rebound Number ASTM C805 Mechanical Impact $300-$1,500 Y 

Penetration Resistance ASTM C803 Mechanical Impact $2,500 Y 

Pullout Test ASTM C900 Mechanical Impact $1,250 Y 

Ultrasonic Pulse Velocity ASTM C597 Acoustic $1,250 Y 

Determining Metals Properties     
Ultrasonic Pulse Echo ASTM E797 Acoustic $1,250 N 

Ultrasonic phased array/phase 
spectroscopy 

ASTM E2700 Acoustic $2,500 N 

Radiography ASTM E390 Electro-magnetic $2,500 N 

Magnetic Flux Leakage 
ASTM E570 

ASTM E1571 
Electro-magnetic $2,500 N 

Eddy Current Array ASTM E3052 Electro-magnetic $2,500 N 

Magnetic Particle ASTM E709 Electro-magnetic $2,500 N 

Liquid Penetrant Testing 
ASTM E165 

ASTM E1417 
Miscellaneous $750 N 

Hardness ASTM A1038 Acoustic $1,500 N 
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Load Rating of Bridges Without As-Built Plan 

It is difficult to perform load rating for bridges without as-built plans or with insufficient 

structural details available. Currently, to evaluate bridges within this category, the potential 

solutions involve destructive evaluation to characterize the materials and components, proof 

load testing, or engineering judgment-based characterization [65]. In the following section, 

available nondestructive methods for the evolution of the required parameters for performing 

load rating of concrete bridges without as-built plans are summarized, and the strengths and 

shortcomings for each one of these methods are explained. If no standard for nondestructive 

testing method for measurement of any of the parameters exists, then experimental methods 

for evaluation of those parameters are discussed. 

Evaluation methods for the required parameters for the load rating of bridge structures are 

presented below. These parameters are organized in accordance with the format laid out in 

Section 1 as required parameters for a successful bridge load rating. The applicability of 

these methods are presented for each bridge type in the following section. 

As-built Geometric Parameters 

Bridge Type, Deck Type and Span Continuity. Span continuity can be evaluated by 

the visual inspection methods or by 3D laser scanning technique (LiDAR) for identifying the 

expansion joint locations and types. For a bridge with a continuous span, ground penetrating 

radar (GPR), covermeter, and radiography may be used to evaluate the reinforcement details 

at the connections. 

Number, Length, Width, Type, and Spacing of Members. Direct measurement and 

the 3D laser scanning technique, like LiDAR, can be utilized to measure a bridge’s span 

length and slab width accurately. The advantage of the LiDAR 3D scanning is that all 

disciplines within any given agency can collaboratively develop a unified set of information 

requirements that will guide data collection so that it satisfies everyone’s operational needs. 

Such a set will include, at minimum, products to support transportation planning, right-of-

way acquisition, environmental assessments and historic preservation, 3D design for roadway 

and structures, construction workflows, traffic operations, signing and striping, highway 

safety, maintenance activities, and multi-modal operations [42]. Figure 31 shows a detailed 

scan of a truss steel bridge. 
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Figure 31  

LiDAR helps to capture and collect vast datasets quickly, accurately, and safely [42] 

Slab Depth. Impact-echo, per the standard method outlined in ASTM C1383 

“Standard Test Method for Measuring the P-Wave Speed and the Thickness of Concrete 

Plates Using the Impact-Echo Method,” enables accurate detection of a concrete slab depth. 

Live Loading Zones. LiDAR can be used to build a 3D model of an entire bridge 

structure, which will be used to extract the required geometries. 

Presence of a Shear Key. The presence of a shear key can evaluated by visual 

inspection methods or by LiDAR of the entire bridge structure. For a bridge with a shear key, 

impact echo, GPR, covermeter, and radiography may be used to evaluate the geometry and 

reinforcement details of the shear key. 

Presence of a Deck Slab and Its Connection to the Beams. The presence of a deck 

slab can be evaluated by the visual inspection methods or by LiDAR of the entire bridge 

structure. The connection of the deck to the beams can be evaluated using ultrasonic pulse 

echo. GPR, covermeter, and radiography may be used to evaluate the reinforcement details at 

the connection. 

Presence of a Diaphragm. A diaphragm can be evaluated by visual inspection 

methods or by LiDAR of the entire bridge structure. 

Bridge Skew and Radius (if curved). LiDAR can be used to build a 3D model of an 

entire bridge structure, which will be used to extract the required geometries, such as bridge 

skew and radius for curved bridges. 
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Superimposed Dead Loads. Impact-echo can be used to evaluate dimensions of the 

concrete and asphalt pavement elements, and direct transmission and backscatter radiometry 

(ASTM C1040) are suitable methods for evaluation of the density of the concrete and asphalt 

elements for the prediction of their weight. 

Size of Internal Voids. GPR can can be used for detecting internal voids cast into a 

pre-cast concrete slab. Impact-echo can also be used to detect these internal voids. 

As-built Strength parameters 

Concrete Compressive Strength. Rebound number, penetration resistance, pullout 

test, and ultrasonic pulse velocity are the standard methods for the evaluation of the in-situ 

strength of concrete. To calibrate and verify the results, testing cores according to ACI 214.4, 

“Guide for Obtaining Cores and Interpreting Compressive Strength Results,” can be used 

[66]. 

Rebar, Strand, and Stirrup Size. Covermeter is a suitable method for evaluating 

size of rebar and strand. Subedi used a covermeter and a Schmidt hammer for estimating the 

rebar sizes, locations, and the compressive strength of concrete, respectively, for the load 

rating of a flat slab bridge without as-built plans [67]. Figures 32 and 33 show the simple 

NDT instruments and the field measurement procedures used in the project. Subedi 

suggested a procedure for the load rating of the flat slab bridges by combination of 

nondestructive testing and finite element analysis (FEA). The outline of the methods used in 

this research by Subedi can be summarized as follows: 

 Measuring dimensions of the existing slab bridge, such as span, width and 

thickness of the deck. 

 Collecting size, clear cover, and spacing information of the main reinforcement 

by using Profoscope (covermeter) and estimating compressive strength of 

concrete in the existing bridge using the Schmidt rebound hammer test. 

 Determining the yield strength of steel with reference to the Ohio Manual of 

Bridge Inspection (based on historical data). 

 Developing a three-dimensional FEA model. 

 Performing FEA under self-weight and truck loads at different positions to find 

out the most critical loading scenario. 
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 Determining the maximum truck load that would produce the maximum allowable 

deflection at the critical point defined by AASHTO Section 2.5.2.6.2. 

 Calculating the rating factor in terms of tonnage for a particular vehicle [67].  

 
Figure 32  

NDT instruments (a) Profoscope (cover meter) used by Subedi for estimating 

reinforcement size and location, and (b) Schmidt hammer (rebound hammer) used for 

estimating concrete strength [67] 

 
Figure 33  

Field data collection 

Reinforcement Layers: Number, Location, and Orientation. GPR, covermeter, 

and radiography can be used for detecting the reinforcement details in a bridge slab. Figure 

34 represents an image of a bridge deck scan by radar, which shows the reinforcement details 

and the concrete slab thickness [68].  
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Figure 34  

GPR profile of a bridge deck in Queens, NY. Blue dots represent top of the slab; red 

dots, top reinforcing bar layer; and green dots, slab bottom [68] 

A radiographic image of reinforcing can be very detailed, enabling reinforcing bar size, 

depth, spacing, and configuration to be established [69].  

An indirect method for the detection and mapping of the reinforcement in concrete bridges is 

presented by researchers at the University of Delaware, which is based on the measurement 

of the strain or displacement of the bridge under a known loading condition in conjunction 

with the basic mechanics principles. To verify this procedure, diagnostic load tests were 

performed on a bridge. The estimated steel areas are reasonable, though they are not exactly 

the same as the real area due to the assumptions in the model and the errors in the field test. 

Generally speaking, the estimated steel areas by virtue of the strains measurement are less 

than the actual steel area. The estimated steel areas by virtue of the displacement data are 

larger than the actual area [70].  

Rebar, Strand, and Stirrup Yield Strength. There are currently no nondestructive 

testing methods for determining the yield strength of reinforcing steel and prestressing 

strands in existing concrete. This is an opportunity for further research and development.  

An alternative to NDT for yield strength is to perform destructive testing by removing a 

small sample of rebar and testing it in a lab to determine its physical properties. Another 

option is to use the AASHTO Manual for Bridge Evaluation guidance on identifying 

reinforcement characteristics when structural details are unknown [2]. Table 9 provides a 

synthesis of this guidance through a list of the type of reinforcing steel and bridge 

construction’s date with corresponding yield strength of reinforcing steel [65]. 
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Table 9 

Yield Strengths of unknown reinforcing steel [65, 71] 

Type of Reinforcing Steel 
Yield Strength 𝒇𝒚 

(MPa) 
Unknown steel constructed prior to 1954 230 

Structural grade, Grade 250 250 

Billet or intermediate grade, Grade 280, or unknown 
steel constructed during or after 1954 

280 

Rail or hard grade, Grande 350 350 

High-yield steel grad, Grade 420 420 

 

 

Strand Contour. Ground penetrating radar (GPR), covermeter, and radiography can 

be used for detecting the contour of prestressing strand in an existing structure. 

Strand Bond Zone. There are currently no nondestructive testing methods for 

determining the bond zone for prestressing strands. This is an opportunity for further research 

and development. 

Strand Prestressing Forces. There are currently no nondestructive testing methods 

for determining the prestressing forces for prestressing strands in existing concrete. This is an 

opportunity for further research and development. 

Steel Member Yield Strength. There are currently no nondestructive methods for 

determining steel member yield strength. Coupons could possibly be taken from less critical 

areas, with members either replaced or repaired by welding. Alternatively, design drawing 

research or knowledge of construction vintage and material sources may enable assumption 

of yield strength. 

As-inspected Strength Parameters 

Overall Condition. Visual inspection and sounding methods, according to ASTM 

D4580, are the primary methods for evaluation of the overall slab condition in concrete 

structures. Infrared (IR) thermography and ground penetrating radar (GPR) can be used to 

detect delamination in the deck. Also, impact-echo has been used successfully to detect 

delamination in bridge decks. 

Section Loss to Rebar, Strands and Stirrups (exposed and not exposed). Half-cell 

potential can predict the presence of areas with potential corrosion damage in concrete 

structures. GPR detects corrosion-induced bridge deck deterioration at an early stage and is 

very effective, especially in combination with IR [72]. 
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Concrete Spalls. Visual inspection is typically used to identify concrete spalls. 

Laflamme et al. attempted to automatically detect cracks from LiDAR point clouds data [73]. 

Rebar and Strand Debonding. Visual inspection is the primary methods for 

evaluation of the rebar and strand debondment. Acoustic emission methods can also be used 

to determine debonding. 

System Identification Methods of Load Rating 

The process of building a structural model from response data is called system identification 

of the structural integrity of the bridge. System identification can be performed using a 

variety of response data, such as modal and time history response. For modal response, the 

frequencies and mode shapes of the structure are obtained either from ambient vibration data 

or from the results of harmonic excitation. A time history response is the response (i.e., 

displacements or acceleration) of one or more points on the structure as a function of time 

due to a known loading function. For either type of response data, the results are used to 

determine structural parameters. The combination of destructive tests, numerical simulations, 

and NDT methods is becoming a very efficient way to obtain information about material 

parameters and the behavior of structural components under different type of loads [74]. 

Bagheri et al. developed a method for load rating of bridges without structural properties and 

plans based on nondestructive test methods and system identification. In the proposed 

approach, a series of finite element analyses were conducted to describe the modal properties 

of a large population of bridges with different geometric characteristics. Results and 

geometric inputs were then used to develop an artificial neural network model that predicts 

the flexural rigidity of a bridge based on the measured modal frequencies derived from 

vibration testing. Due to the uncertainty in internal geometry of concrete, nondestructive 

approaches are presented to obtain the cross-section dimensions of bridge as well as the 

elastic modulus and compressive strength of concrete. Next, the cross-sectional area of the 

internal reinforcing steel is estimated through a quasi-static load test coupled with an 

optimization approach. These structural and material properties are then used to determine 

load effects and ultimately the bridge’s capacity. 

Result of the validation test shows that the proposed nondestructive approach can be used to 

satisfactorily determine the load rating factor of the test bridge and can ultimately be used for 

load rating of concrete slab bridges without structural information. The frameworks of the 

proposed method is shown in Figure 35. 
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Figure 35  

Framework for proposed approach for load rating of bridges without as-built 

information [65] 
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CONCLUSIONS 

Commercially Available NDT Methods by Bridge Type 

The following pages contain tables that provide the available NDT methods for each 

parameter listed in the Discussion section tables as being required to calculate load ratings. 

These tables are organized by the following bridge types: 

 Concrete Precast Slab bridges (COPCSS) and Concrete Slab Bridge (COSLAB) 

 Required information for the load rating of a Concrete Prestressed Channel bridge 

(COPSCH) 

 Required information for the load rating of prestressed girder bridges 

 Required information for the load rating of steel bridges 

 Required information for the load rating of steel bridge connections 

Under each bridge type the results are organized into the following categories of information: 

 As-built geometric parameters 

 As-built strength parameters 

 As-inspected strength parameters 
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These NDT methods are rated by cost, ease of use, and reliability of data. A three-level rating 

system is provided and explained in Table 10. 

Table 9  

Explanation of rating system 

Cost  

◔ Low cost for technology 

Low cost for labor to collect data 

◑ Low to medium cost for technology 

Low to medium cost for labor to collect data 

◕ Medium to high cost for technology 

Medium to high cost for labor to collect data 

Ease of Use  

◔ Equipment is easy to use with minimal training 

◑ Equipment can only be used by experienced technician 

◕ Equipment requires special training and/or certification 

Data Reliability  

◔ 
Easy to verify data; widely used technology with long history of 
success 

◑ 
Results can vary; established technology with long history of 
use  

◕ Results are open to interpretation; newer technology with 
limited history in practice 
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Table 10  

COPCSS and COSLAB  

As-built geometric parameters 

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Span Continuity    

Visual inspection ◔ ◔ ◔ 
LiDAR to identify expansion joints ◕ ◑ ◔ 
GPR for the reinforcement details at connections ◕ ◑ ◑ 
Cover meter for the reinforcement details at connections  ◑ ◑ ◑ 
Radiography for the reinforcement details at connections ◑ ◕ ◕ 
Number, Length, and Spacing of Beams    

Direct measurement ◔ ◔ ◔ 
LiDAR  ◕ ◑ ◔ 
Slab Width    

Direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Slab Depth    

Impact echo ◑ ◑ ◑ 
Live Loading Zones    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Bridge Skew and Radius (if curved)    

LiDAR ◕ ◑ ◔ 
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Table 11  

COPCSS and COSLAB   

As-built geometric parameters (continued) 

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Superimposed Dead Loads    

Visual inspection and direct measurement ◔ ◔ ◔ 
Impact echo for thickness ◑ ◑ ◑ 
Direct transmission for density of materials ◕ ◕ ◑ 
Backscatter radiometry for density of materials ◕ ◔ ◑ 
LiDAR for geometry ◕ ◑ ◔ 
Size of Internal Voids (if present)    

GPR ◕ ◑ ◑ 
Impact echo for thickness ◑ ◑ ◑ 
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Table 12  

COPCSS and COSLAB   

As-built strength parameters 

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Concrete Compressive Strength (if applicable)    

Testing cores ◑ ◑ ◔ 
Rebound number  ◔ ◑ ◕ 
Penetration resistance  ◑ ◑ ◑ 
Pullout test  ◑ ◑ ◑ 
Ultrasonic pulse velocity ◑ ◑ ◑ 
Rebar/Strand Size    

Cover meter ◑ ◑ ◑ 
Number of Reinforcement Layers    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Reinforcement Location and Orientation for Each Layer    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of beam flanges and webs) ◑ ◕ ◕ 
Rebar Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
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Table 14  

COPCSS and COSLAB 

As-inspected strength parameters 

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Overall Slab Condition    

Visual inspection ◔ ◔ ◔ 
Electromechanical sounding device, chain drag and rotary 

percussion for delamination in decks ◔ ◑ ◕ 
Infrared thermography for delamination in decks ◕ ◕ ◔ 
GPR for delamination in decks ◕ ◑ ◑ 
Impact echo for delamination in decks as well as cracking in 

concrete structures ◑ ◑ ◑ 
Impulse response ◑ ◑ ◑ 
Section Loss to Rebar (exposed and not exposed)    

Half-cell potential ◑ ◑ ◕ 
GPR ◕ ◑ ◑ 
IR thermography for delamination in decks ◕ ◕ ◔ 
Concrete Slab Spalls     

Visual inspection ◔ ◔ ◔ 
LiDAR  ◕ ◑ ◔ 
Rebar Debonding    

Visual inspection ◔ ◔ ◔ 
Acoustic emissions can detect the presence of debonding, but 

may not be able to define the extent ◑ ◑ ◕ 
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Table 13  

COPSCH  

As-built geometric parameters  

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Span Continuity    

Visual inspection ◔ ◔ ◔ 
LiDAR to identify expansion joints ◕ ◑ ◔ 
GPR for the reinforcement details at connections ◕ ◑ ◑ 
Cover meter for the reinforcement details at connections  ◑ ◑ ◑ 
Radiography for the reinforcement details at connections ◑ ◕ ◕ 
Number, Length, and Spacing of Beams    

Direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Flange Width and Thickness    

Direct measurement for width ◔ ◔ ◔ 
Impact echo for thickness ◑ ◑ ◑ 
LiDAR for width ◕ ◑ ◔ 
Web Depth and Thickness    

Direct measurement for width ◔ ◔ ◔ 
Impact echo for thickness  ◑ ◑ ◑ 
LiDAR for width ◕ ◑ ◔ 
Live Loading Zones    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
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Table 14  

COPSCH  

As-built geometric parameters (continued) 

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Identify If Beams Have A Shear Key    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Impact echo to identify thickness ◑ ◑ ◑ 
Identify If There is a Deck Slab and its Connection to the Beams    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Ultrasonic-echo methods ◑ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
GPR to identify reinforcement details at the beam ◕ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Identify if There Are Diaphragms    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Bridge Skew and Radius (if curved)    

LiDAR ◕ ◑ ◔ 
Superimposed Dead Loads    

Visual inspection and direct measurement ◔ ◔ ◔ 
Impact echo for thickness ◑ ◑ ◑ 
Direct transmission for density of materials ◕ ◕ ◑ 
Backscatter radiometry for density of materials ◕ ◔ ◑ 
LiDAR for geometry ◕ ◑ ◔ 
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Table 15  

COPSCH 

As-built strength parameters 

 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Concrete Compressive Strength    

Testing cores ◑ ◑ ◔ 
Rebound number  ◔ ◑ ◕ 
Penetration resistance  ◑ ◑ ◑ 
Pullout test  ◑ ◑ ◑ 
Ultrasonic pulse velocity ◑ ◑ ◑ 
Rebar/Strand Size    

Cover meter ◑ ◑ ◑ 
Number of Reinforcement Layers    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Rebar and Strand Location and Orientation    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Rebar and Strand Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
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Table 16  

COPSCH 

As-built strength parameters (continued) 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Strand Contour    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Strand Bond Zone    

No NDT method is currently available - - - 
Stirrup Size, Spacing, and Location    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Stirrup Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
Deck Rebar Size and Location    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Deck Rebar Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
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Table 17  

COPSCH  

As-inspected strength parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Overall Beam Condition    

Visual inspection ◔ ◔ ◔ 
Electromechanical sounding device, chain drag and rotary 

percussion for delamination in decks ◔ ◑ ◕ 
IR thermography for delamination in decks ◕ ◕ ◔ 
GPR for delamination in decks ◕ ◑ ◑ 
Impact echo for delamination in decks as well as cracking in 

concrete structures ◑ ◑ ◑ 
Impulse response ◑ ◑ ◑ 
Section Loss to Rebar, Strands and Stirrups    

Half-cell potential ◑ ◑ ◕ 
GPR ◕ ◑ ◑ 
IR thermography for delamination in decks ◕ ◕ ◔ 
Concrete Spalls    

Visual inspection ◔ ◔ ◔ 
LiDAR  ◕ ◑ ◔ 
Rebar and Strand Debonding    

Visual inspection ◔ ◔ ◔ 
Acoustic emissions can detect the presence of debonding, but 

may not be able to define the extent ◑ ◑ ◕ 
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Table 18  

Prestressed girder bridges 

As-built geometric parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Span Continuity    

Visual inspection ◔ ◔ ◔ 
LiDAR to identify expansion joints ◕ ◑ ◔ 
GPR for the reinforcement details at connections ◕ ◑ ◑ 
Cover meter for the reinforcement details at connections  ◑ ◑ ◑ 
Radiography for the reinforcement details at connections ◑ ◕ ◕ 
Girder Type, Dimensions, Spacing, Number, and Length    

Direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Live Loading Zones    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Identify if Beams Have a Shear Key (If Applicable)    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Impact echo for thickness ◑ ◑ ◑ 
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Table 19  

Prestressed girder bridges  

As-built geometric parameters (continued) 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Identify if There is a Deck Slab and its Connection to the Beams    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Ultrasonic-echo methods ◑ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
GPR to identify reinforcement details at the beam ◕ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Identify if There are Diaphragms    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Bridge Skew and Radius (if curved)    

LiDAR ◕ ◑ ◔ 
Superimposed Dead Loads    

Visual inspection and Direct measurement ◔ ◔ ◔ 
Impact echo for thickness ◑ ◑ ◑ 
Direct transmission for density of materials ◕ ◕ ◑ 
Backscatter radiometry for density of materials ◕ ◔ ◑ 
LiDAR for geometry ◕ ◑ ◔ 
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Table 20  

Prestressed girder bridges  

As-built strength parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Concrete Compressive Strength    

Testing cores ◑ ◑ ◔ 
Rebound number  ◔ ◑ ◕ 
Penetration resistance  ◑ ◑ ◑ 
Pullout test  ◑ ◑ ◑ 
Ultrasonic pulse velocity ◑ ◑ ◑ 
Rebar/Strand Size    

Cover meter ◑ ◑ ◑ 
Number of Reinforcement Layers    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Rebar and Strand Location and Orientation    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Rebar and Strand Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
Strand Bond Zone    

No NDT method is currently available - - - 
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Table 21  

Prestressed girder bridges  

As-built strength parameters (continued) 

Required Information for Load Rating Cost 
Ease of 

Use 

Data 

Reliability 

Strand Contour    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Strand Prestressing Forces    

No NDT method is currently available - - - 
Stirrup Size, Spacing, and Location    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Stirrup Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
Deck Rebar Size and Location    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify beam reinforcement details (requires 

access to both sides of members) ◑ ◕ ◕ 
Deck Rebar Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
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Table 22  

Prestressed girder bridges  

As-Inspected Strength Parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Overall Beam Condition    

Visual inspection ◔ ◔ ◔ 
Electromechanical sounding device, chain drag and rotary 

percussion for delamination in decks ◔ ◑ ◕ 
IR thermography for delamination in decks ◕ ◕ ◔ 
GPR for delamination in decks ◕ ◑ ◑ 
Impact echo for delamination in decks as well as cracking in 

concrete structures ◑ ◑ ◑ 
Impulse response ◑ ◑ ◑ 
Section Loss to Rebar, Strands, and Stirrups     

Half-cell potential ◑ ◑ ◕ 
GPR ◕ ◑ ◑ 
IR thermography for delamination in decks ◕ ◕ ◔ 
Concrete Spalls     

Visual inspection ◔ ◔ ◔ 
LiDAR  ◕ ◑ ◔ 
Rebar and Strand Debonding    

Visual inspection ◔ ◔ ◔ 
Acoustic emissions can detect the presence of debonding but 

may not be able to define the extent ◑ ◑ ◕ 
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Table 23  

Steel bridges 

As-built geometric parameters 

Required Information for Load Rating Cost 
Ease of 

Use 

Data 

Reliability 

Bridge Type    

Visual inspection  ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Span Continuity    

Visual inspection ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Deck Type    

Visual inspection ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Girder Type (if applicable)    

Visual inspection ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Girder Dimensions, Length, and Spacing    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Number of Girders    

Visual inspection ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Shear Stud Size and Spacing    

GPR for connection ◕ ◑ ◑ 
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Table 24  

Steel bridges  

As-built geometric parameters (continued) 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Live Loading Zones    

Visual inspection and direct measurement ◔ ◔ ◔ 

LiDAR ◕ ◑ ◔ 
Deck Thickness and Connection    

Impact echo for thickness ◑ ◑ ◑ 

Radiography for connection ◑ ◕ ◕ 

GPR for connection ◕ ◑ ◑ 

Identify if There Are Diaphragms    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Bridge Skew and Radius (if curved)    

LiDAR ◕ ◑ ◔ 
Superimposed Dead Loads    

Visual inspection and Direct measurement ◔ ◔ ◔ 
Impact echo for thickness ◑ ◑ ◑ 
Direct transmission for density of materials ◕ ◕ ◑ 
Backscatter radiometry for density of materials ◕ ◔ ◑ 
LiDAR for geometry ◕ ◑ ◔ 



 65 

Table 25  

Steel bridges  

As-built strength parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Concrete Compressive Strength (if applicable)    

Testing cores ◑ ◑ ◔ 
Rebound number  ◔ ◑ ◕ 
Penetration resistance  ◑ ◑ ◑ 
Pullout test  ◑ ◑ ◑ 
Ultrasonic pulse velocity ◑ ◑ ◑ 
Deck Rebar Size    

Cover meter ◑ ◑ ◑ 
Number of Reinforcement Layers    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Deck Rebar Size and Location    

GPR ◕ ◑ ◑ 
Cover meter ◑ ◑ ◑ 
Radiography to identify slab reinforcement details (requires 

access to both sides of deck) ◑ ◕ ◕ 
Deck Rebar Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
Steel Member Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
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Table 26 

Steel bridges  

As-inspected strength parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Section Loss and Deformations in High Stress Areas    

Ultrasonic test ◑ ◑ ◑ 
Radiography ◑ ◕ ◕ 
Spalled Deck    

Radiography ◑ ◕ ◕ 
Deck Rebar Section Loss    

Half-cell potential ◑ ◑ ◕ 
GPR ◕ ◑ ◑ 
IR thermography for delamination in decks ◕ ◕ ◔ 
Deck Rebar Debonding    

Visual inspection ◔ ◔ ◔ 
Acoustic emissions can detect the presence of debonding, but 

may not be able to define the extent ◑ ◑ ◕ 
Deck Connection (if applicable)    

Radiography ◑ ◕ ◕ 
GPR ◕ ◑ ◑ 
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Table 27  

Steel bridge connections  

As-built geometric parameters 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Number of Bolts/Rivets    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR ◕ ◑ ◔ 
Bolt/Rivet Size    

Visual inspection and direct measurement ◔ ◔ ◔ 
Ultrasonic test for length ◑ ◑ ◑ 
Bolt/Rivet Center to Center Spacing and Edge Distance    

Visual inspection and direct measurement ◔ ◔ ◔ 
LiDAR  ◕ ◑ ◔ 
Bolt/Rivet Group Pattern and Total Length    

Visual inspection and direct measurement ◔ ◔ ◔ 
Ultrasonic test for length ◑ ◑ ◑ 
LiDAR ◕ ◑ ◔ 
Bolt Thread Length/ Stick Through    

Visual inspection and direct measurement ◔ ◔ ◔ 
Ultrasonic test for length ◑ ◑ ◑ 
Hole Size and Orientation of Slot (if applicable)    

Radiography ◑ ◕ ◕ 
Weld Length    

Direct measurement ◔ ◔ ◔ 
Identify Connection Type    

Visual inspection ◔ ◔ ◔ 
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Table 28  

Steel bridge connections  

As-built geometric parameters (continued) 

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Thickness of Connected Members    

Radiography ◑ ◕ ◕ 
Ultrasonic test for length ◑ ◑ ◑ 
Number of Connected Plies    

Visual inspection ◔ ◔ ◔ 
Radiography  ◑ ◕ ◕ 

 

 

Table 29  

Steel bridge connections  

As-built strength parameters  

Required Information for Load Rating Cost Ease of Use 
Data 

Reliability 

Steel Member Yield Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
Bolt Material Type    

Hardness ◔ ◑ ◕ 
Filler Metal Strength    

Hardness can be correlated to yield strength, but no current 

NDT method exists to measure directly - - - 
Weld Size    

Ultrasonic test ◑ ◑ ◑ 
Surface Condition of Connected Members    

Visual inspection ◔ ◔ ◔ 
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Table 30  

Steel bridge connections  

As-inspected strength parameters  

Required Information for Load Rating Cost 
Ease of 

Use 

Data 

Reliability 

Section Loss and Deformations to Connected Members     

Ultrasonic test  ◑ ◑ ◑ 
Radiography ◑ ◕ ◕ 
Missing or Loose Bolts/Rivets    

Visual inspection ◔ ◔ ◔ 
Sheared Bolts/Rivets    

Visual inspection ◔ ◔ ◔ 
Radiography ◑ ◕ ◕ 
Ultrasonic ◑ ◑ ◑ 
Cracked Welds    

Welds crack detection based on Eddy Current Array  ◑ ◑ ◑ 
Ultrasonic weld inspection ◑ ◑ ◑ 
Cracked Connected Members    

Liquid Penetrant Testing ◔ ◑ ◑ 
Magnetic Particle ◑ ◑ ◑ 
Detection of Slip and/or Stress Deformations in Steel    

Visual inspection ◔ ◔ ◔ 
Radiography ◑ ◕ ◕ 
Gaps or Pack Rust Between Connected Members    

Ultrasonic for rust detection ◑ ◑ ◑ 
Radiography ◑ ◕ ◕ 
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RECOMMENDATIONS 

Nondestructive testing methods were evaluated to obtain various required parameters for 

performing bridge load rating of different types of bridges. The required parameters are 

categorized into three categories: As-Built Geometric parameters, As-Built Strength 

parameters, and As-Inspected Strength parameters. Five different types of bridges including 

Concrete Precast Slab (COPCSS), Concrete Slab (COSLAB), Concrete Prestress Channel 

(COPSCH), Prestressed girder bridges and steel bridges have been studied in this work. The 

following recommendations are made from this study. 

1. Based on the findings above, availability of the equipment/service, and common practice, 

the recommended methods of identifying the major load rating parameters are: 

As-built geometric:  Direct measurement, GPR, Impact Echo, Ultrasonic Echo, 

Cover meters and Radiography  

As-built strength: Core testing, Rebound, Penetration Resistance, GPR, 

Covermeters, and Radiography  

As-inspected strength: Visual Inspection, Impact Echo, Impulse Response, Half 

Cell, and Radiography  

2. The following parameters currently do not have nondestructive testing methods available 

and warrant further research by the industry:  

Yield strength of steel embedded in concrete,  

Prestressing forces of strand embedded in concrete,  

Extent of debondment of reinforcing steel that is not visible, and  

Bond zone of prestressing steel embedded in concrete. 
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS 

3D  Three Dimensional 

AASHTO American Association of State Highway and Transportation Officials 

ACI  American Concrete Institute 

AE  Acoustic Emission 

ASNT  American Society of Nondestructive Testing 

ASR  Allowable Stress 

cm  centimeter(s) 

COPCSS Concrete Precast Slab 

COPSCH Concrete Prestressed Channel 

COSLAB Concrete Slab 

DOTD  Louisiana Department of Transportation and Development  

FEA  Finite Element Analysis 

FHWA  Federal Highway Administration 

ft.  foot (feet) 

GPR  Ground Penetrating RADAR 

in.  inch(es) 

IR  InfraRed 

LFR  Load Factor 

LiDAR Light Detection And Ranging 

LRFD  Load and Resistence Factor Design 

LRFR   Load and Resistence Factor Rating  

LTRC  Louisiana Transportation Research Center 

lb.  pound(s) 

m  meter(s) 

NDT  Nondestructive Testing 

PA  Phased Array 

RADAR RAdio Detection And Ranging 

SASW  Spectral Analysis of Surface Wave 

US  United States 

USW  Ultrasonic Surface Wave 





 75 

REFERENCES 

1. Bridge Load Rating Group, Louisiana Department of Transportation and 

Development. 

http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Bridge_Design/ 

Pages/BridgeLoadRating.aspx 

2. AASHTO, The Manual for Bridge Evaluation, 3rd Ed. American Association of State 

Highway and Transportation Officials, Washington, DC, USA, 2018. 

3. AASHTOWare Bridge Design and Bridge Rating. 

https://www.aashtoware.org/products/bridge/bridge-overview/ 

4. ASTM A709 / A709M-18, Standard Specification for Structural Steel for Bridges, 

ASTM International, West Conshohocken, PA, 2018. 

5. PCI Design Handbook, 7th Edition, Precast/Prestressed Concrete Institute, Chicago, 

IL; 2010 

6. New York State Department of Transportation, Prestressed Concrete Beams and Slab 

Units Bridge Detail Sheets, Albany, NY, 2017. 

7. AASHTO, LRFD Bridge Design Specifications, 8th Ed. American Association of 

State Highway and Transportation Officials, Washington, DC, 2017. 

8. FHWA, Environmental Review Toolkit, “Post-1945 Highway Bridge Engineering,” 

Washington, DC. https://www.environment.fhwa.dot.gov/env_topics/historic_pres/ 

post1945_engineering/this_bridge.aspx 

9. Commonwealth of Pennsylvania Department of Transportation, Precast Channel 

Beam Bridge Detail Sheets, Harrisburg, PA, 2016. 

10. ASNT, American Society for Nondestructive Testing, 2017. 

https://www.asnt.org/MinorSiteSections/AboutASNT/Intro-to-NDT 

11. ACI 301-99, “Specifications for Structural Concrete,” American Concrete Institute, 

Famington Hills, MI, 1999. 

12. ACI 228.1R-03,”In-Place Methods to Estimate Concrete Strength,” American 

Concrete Institute, Famington Hills, MI, 2003. 

https://www.asnt.org/MinorSiteSections/AboutASNT/Intro-to-NDT


76 

13. Snyder, K. A., Sung, L.P., Sung, and Cheok, G., S. Nondestructive Testing (NDT) 

and Sensor Technology for Service Life Modeling of New and Existing Concrete 

Structures, National Institute of Standard and Technology, 2013.   

14. ASTM C805 / C805M-13a, Standard Test Method for Rebound Number of Hardened 

Concrete, ASTM International, West Conshohocken, PA, 2013.  

15. ASTM C803 / C803M-17, Standard Test Method for Penetration Resistance of 

Hardened Concrete, ASTM International, West Conshohocken, PA, 2017.   

16. ASTM C900-15, Standard Test Method for Pullout Strength of Hardened Concrete, 

ASTM International, West Conshohocken, PA, 2011.  

17. Petersen, C. G. “LOK-Test and CAPO-Test Development and Their Applications,” 

Proceedings, Institution of Civil Engineering, Part I, V. 76, May 1984, pp. 539-549. 

18. Petersen, C. G. “LOK-TEST and CAPO-TEST Pullout Testing, Twenty Years 

Experience,” Proceedings of the Conference on Non-Destructive Testing in Civil 

Engineering, J. H. Bungey, ed., British Institute of Non-Destructive Testing, 1997, 

pp. 77-96.     

19. Aktan, H. and Krueger, M. Non-Destructive Evaluation (NDE), SEAM, 2007.   

20. Seong-Hoon, K. and Jinying, Z. Surface Wave Transmission across a Partially Closed 

Surface-Breaking Crack in Concrete, ACI Material Jouranals, 2014.   

21. ASTM C597-16, Standard Test Method for Pulse Velocity through Concrete, ASTM 

International, West Conshohocken, PA, 2016.     

22. ACI 228.2R-13, “Report on Nondestructive Test Methods for Evaluation of Concrete 

in Structures,” American Concrete Institute, Famington Hills, MI, 2013.    

23. ASTM E797 / E797M-15, Standard Practice for Measuring Thickness by Manual 

Ultrasonic Pulse-Echo Contact Method, ASTM International, West Conshohocken, 

PA, 2015.    

24. FHWA Technical Advisory. https://www.fhwa.dot.gov/bridge/t514031.cfm    

25. Ocel, J. Application of Radiographic Testing to Multilayered Gusset Plate Inspection, 

TechBrief FHWA-HRT-12-071, FHWA, U.S. Department of Transportation, 2012.   

https://www.nist.gov/publications/nondestructive-testing-ndt-and-sensor-technology-service-life-modeling-new-and-existing
https://www.nist.gov/publications/nondestructive-testing-ndt-and-sensor-technology-service-life-modeling-new-and-existing
https://www.nist.gov/publications/nondestructive-testing-ndt-and-sensor-technology-service-life-modeling-new-and-existing
https://www.fhwa.dot.gov/bridge/t514031.cfm


 77 

26. ASTM C1383-15, Standard Test Method for Measuring the P-Wave Speed and the 

Thickness of Concrete Plates Using the Impact-Echo Method, ASTM International, 

West Conshohocken, PA, 2015.   

27. Kim, J., Gucunski, N., Duong, T. H., and Dinh, K. “Three-Dimensional Visualization 

and Presentation of Bridge Deck Condition Based on Multiple NDE Data,” Journal of 

Infrastructure Systems, 2017.    

28. Azari, H., Yuan, D., Nazarian, S., and Gucunski, N. Sonic Methods to Detect 

Delamination in Concrete Bridge Decks: Impact of Testing Configuration and Data 

Analysis Approach. Transportation Research Record (TRR): Journal of 

Transportation Research Board, No. 2292, Transportation Research Board of the 

National Academics, Washington, DC, 2012, pp. 113-124.    

29. ASTM C1740-16, Standard Practice for Evaluating the Condition of Concrete Plates 

Using the Impulse-Response Method, ASTM International, West Conshohocken, PA, 

2016.    

30. Gucunski, N., Imani, A., Romero, F., Nazarian, S., Yuan, D., Wiggenhauser, H., 

Shokouhi, P., Taffe, A., and Kutrubes, D. “Nondestructive Testing to Identify 

Concrete Bridge Deck Deterioration,” SHRP2 Report S2-R06A-RR-1, Research 

Board, National Research Council, Washington, D.C., 2013.   

31. ASTM E1316-18a, Standard Terminology for Nondestructive Examinations, ASTM 

International, West Conshohocken, PA, 2018.    

32. ASTM E3100-17, Standard Guide for Acoustic Emission Examination of Concrete 

Structures, ASTM International, West Conshohocken, PA, 2017.    

33. Chougrani, K. Ultrasonic Detection of Acoustically Transparent Cracks Using 

Harmonics, Delft University of Technology, 2014.    

34. ASTM D4580 / D4580M-12(2018), Standard Practice for Measuring Delaminations 

in Concrete Bridge Decks by Sounding, ASTM International, West Conshohocken, 

PA, 2018.    

35. Hellier, C. Handbook of Nondestructive Evaluation, McGraw-Hill Companies, Inc., 

New York, 2001.    



78 

36. ASTM A1038-17, Standard Test Method for Portable Hardness Testing by the 

Ultrasonic Contact Impedance Method, ASTM International, West Conshohocken, 

PA, 2017.   

37. ASTM A370-17a, Standard Test Methods and Definitions for Mechanical Testing of 

Steel Products, ASTM International, West Conshohocken, PA, 2017.   

38. Thiel, M. E., Zulfiqar, K., and Engelhardt, M. D. Evaluation and rehabilitation of 

historic metal truss bridges: survey of literature and current practices, Research 

Report 1741-1, Center for Transportation Research, Bureau of Engineering Research, 

The University of Texas at Austin, 2001.    

39. Hugenschmidt, J. “Ground Penetrating Radar for the Evaluation of Reinforced 

Concrete Structures.” In: Maierhofer, C., Reinhardt, H.W., Dobmann, G. (Eds.), Non-

destructive Evaluation of Reinforced Concrete Structures, Vol. 2, Woodhead 

Publishing, 2010.    

40. ASTM D6087-08(2015)e1, Standard Test Method for Evaluating Asphalt-Covered 

Concrete Bridge Decks Using Ground Penetrating Radar, ASTM International, West 

Conshohocken, PA, 2015.    

41. Rawya, A. A., Nondestructive Evaluation of Corrosion Damage in Reinforced 

Concrete Aged Slab Specimen, University of South Carolina, 2018.  

42. FHWA, Guide for Efficient Geospatial Data Acquisition Using LiDAR Surveying 

Technology, 3D Engineered Models: Schedule, Cost, and Post-Construction, An 

Every Day Counts Initiative, U.S. Department of Transportation, Federal Highway 

Administration, 2016.    

43. Wehr, A. and Lohr, U., “Airborne Laser Scanning - An Introduction and Overview,” 

ISPRS Journal of Photogrammetry and Remote Sensing, 1999, 54:68–82.   

44. Sohn, H. and Park, B. “Laser-Based Structural Health Monitoring.” In: Beer, M., 

Kougioumtzoglou, I., Patelli, E., Au, I. K. (Eds.) Encyclopedia of Earthquake 

Engineering. Springer, Berlin, Heidelberg, 2018.   

45. ASTM E2938-15, Standard Test Method for Evaluating the Relative-Range 

Measurement Performance of 3D Imaging Systems in the Medium Range, ASTM 

International, West Conshohocken, PA, 2015.    



 79 

46. ASTM E1571-11(2016)e1, Standard Practice for Electromagnetic Examination of 

Ferromagnetic Steel Wire Rope, ASTM International, West Conshohocken, PA, 

2016.  

47. ASTM E570-15e1, Standard Practice for Flux Leakage Examination of 

Ferromagnetic Steel Tubular Products, ASTM International, West Conshohocken, 

PA, 2015.   

48. ASTM E3052-16, Standard Practice for Examination of Carbon Steel Welds Using 

Eddy Current Array, ASTM International, West Conshohocken, PA, 2016.    

49. Heutling, B., Uebrig, H., Awerbuch, M. , Sievert, W. , Köllner, E., and Köllner, S. 

Application of Eddy Current Array Technology from the Point of View of a Service 

Provider, 19th World Conference on Non-Destructive Testing, Munich, Germany, 

2016.    

50. British Standard, BS 1881-204:1998, “Recommendations on the Use of 

Electromagnetic Covermeters.”   

51. ASTM E709-15, Standard Guide for Magnetic Particle Testing, ASTM International, 

West Conshohocken, PA, 2015.    

52. ASTM E1444 / E1444M-16e1, Standard Practice for Magnetic Particle Testing, 

ASTM International, West Conshohocken, PA, 2016.    

53. Clark, M. R., McCann, D. M., and Forde, M. C., “Application of Infrared 

Thermography to the Non-Destructive Testing of Concrete and Masonry Bridges,” 

NDT&E International, Elsevier Science, V. 36, 2003,pp. 265-275, 2003.    

54. Chatterjee, K., Tuli, S,. Pickering, S. G., and Almond, D. P., “A Comparison of the 

Pulsed, Lock-in and Frequency Modulated Thermography Nondestructive Evaluation 

Techniques.” NDT & E Int, 2011, 44(7):655–667.    

55. Li, T., Almond, D.P., and Rees, D. “Crack Imaging by Scanning Pulsed Laser Spot 

Thermography.” NDT&E Int, 2011, 44(2):216–225.    

56. ASTM D4788-03(2013), Standard Test Method for Detecting Delaminations in 

Bridge Decks Using Infrared Thermography, ASTM International, West 

Conshohocken, PA, 2013.    



80 

57. ASTM C876-15, Standard Test Method for Corrosion Potentials of Uncoated 

Reinforcing Steel in Concrete, ASTM International, West Conshohocken, PA, 2015.    

58. Lataste, J. F. “Electrical Resistivity for the Evaluation of Reinforced Concrete 

Structures.” In: Maierhofer, C., Reinhardt, H.W., Dobmann, G. (Eds.), Non-

destructive Evaluation of Reinforced Concrete Structures, Vol. 2, Woodhead 

Publishing, 2010.     

59. ASTM C1202-18, Standard Test Method for Electrical Indication of Concrete's 

Ability to Resist Chloride Ion Penetration, ASTM International, West Conshohocken, 

PA, 2018.    

60. ASTM C1040 / C1040M-16a, Standard Test Methods for In-Place Density of 

Unhardened and Hardened Concrete, Including Roller Compacted Concrete, By 

Nuclear Methods, ASTM International, West Conshohocken, PA, 2016.     

61. Bader, J. Nondestructive Testing and Evaluation of Steel Bridges. ENCE 710, Civil 

and Environmental Engineering Department, University of Maryland, Maryland, 

2008.   

62. ASTM E390-15, Standard Reference Radiographs for Steel Fusion Welds, ASTM 

International, West Conshohocken, PA, 2015.  

63. ASTM E1417 / E1417M-16, Standard Practice for Liquid Penetrant Testing, ASTM 

International, West Conshohocken, PA, 2016. 

64. ASTM E165 / E165M-18, Standard Practice for Liquid Penetrant Testing for General 

Industry, ASTM International, West Conshohocken, PA, 2018. 

65. Bagheri, A., Alipour M., Ozbulut, O. E., and Harris, D. K. “A nondestructive method 

for load rating of bridges without structural properties and plans,” Engineering 

Structures, 2018, 171: 545–556. 

66. ACI 214.4R-10, “Guide for Obtaining Cores and Interpreting Compressive Strength 

Results,” American Concrete Institute, Famington Hills, MI, 2010. 

67. Subedi, S. K. Load Rating of Flat Slab Bridges without Plans, Thesis: Master of 

Science in Engineering, Civil and Environmental Engineering Program, Youngstown 

State University, 2016. 



 81 

68. Tarussov, A., Vandry, M., and De La Haza, A. “Condition assessment of concrete 

structures using a new analysis method: Ground-penetrating radar computer-assisted 

visual interpretation,” Construction and Building Materials 38 (2013) 1246–1254. 

69. Shaw, P., Rasmussen, J., and Pedersen, T. K. “A Practical Guide to Non Destructive 

Examination of Concrete,” edited: Goodwin N. and Gudmundsson G., A Project 

sponsored by Nordic Innovation, 2004. 

70. Huang J., and Shenton, H.W., “Load Rating of Concrete Bridge without Plans,” 

ASCE Structures Congress, 2010. 

71. Seo J., Hatfield, G., and Kimn, J.H. “Probabilistic Structural Integrity Evaluation of a 

Highway Steel Bridge under Unknown Trucks. J Struct Integrity Maintenance, 

2016;1(2):65–72.   

72. Arndt, R. and Jalinoos, F. “NDE for Corrosion Detection in Reinforced Concrete 

Structures – A Benchmark Approach,” in Proceeding of Non-Destructive Testing in 

Civil Engineering Nantes, France, 2009.     

73. Laflamme, S.. Turkan, Y., and Tan, L. Bridge Structural Condition Assessment Using 

3D Imaging Civil, Construction and Environmental Engineering Conference 

Presentations and Proceedings. 33, 2015.    

74. Grosse, C. U., Aggelis, D. G., and Shiotani, T. (2016), Chapter 2: Concrete Structures 

In: Ohtsu M. (Ed.), Innovative AE and NDT Techniques for On-Site Measurement of 

Concrete and Masonry Structures, State-of-the-Art Report of the RILEM Technical 

Committee 239-MCM.    

 





 83 

APPENDICES 





 85 

Appendix A: Representative Mechanical Impact Equipment 
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Rebound Number 
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Penetration Resistance 
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Pullout Test 
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Appendix B: Representative Acoustic Equipment  
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Ultrasonic Pulse Velocity 
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Ultrasonic Pulse Echo 
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Impact-Echo and Spectral Analysis of Surface Wave 
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Impulse Response 
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Acoustic Emissions 
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Ultrasonic Phased Array / Phase Spectroscopy 
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Measuring Delamination in Concrete Bridge Decks: Rotary Percussion 
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Hardness 
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Appendix C: Representative Electromagnetic Equipment  
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Ground Penetrating RADAR (GPR) 
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Light Detection and Ranging (LiDAR) 
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Magnetic Flux Leakage 
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Cover meter (Eddy Current Array) 
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Magnetic Particle 
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Infrared Thermography 
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Appendix D: Representative Electrical/Chemical Equipment  
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Half-Cell Potential 
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Electrical Resistivity 
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Appendix E: Representative Nuclear Equipment  
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Direct Transmission and Backscatter Radiometry 
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Radiography 
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Appendix F: Representative Miscellaneous Equipment  
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Liquid Penetrant 
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