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ABSTRACT

This paper discuss the application and benefits ofew technology in providing the next generation of
comprehensive condition evaluatiaf decks and asphalt pavements using stress wave scanfiimg\Vehicle
Mounted Bridge Deck Scann@DS) wasfunded by the NCHREDEA program. The objective of the research
project was to develop a Bridge Deck Scanner (BDS) that can be mounted behind any vehicle for comprehensive
condition evaluation of concrete bridge decks with nondestructive evaluation (NDE) methods including Impact Ech
(IE), Spectral Analysis of Surface Waves (SASW) and Automated Sounding (AS). The BDS performed all three
nondestructive evaluation methods simultaneously with a test resolutipnt@.5 ft along a scan line withshow
rolling speed of I 1.5 mph(1.67 2.4 km/hour). The objective of the BDS is to provide information on top and
bottom delaminations, internal cracks, vertical crack depths, thickness profile, and the condtgfimteggity and
it was evaluated on bare concrete decks with exdealésults.

The BDS was further researched and developed as part of a SHRP 2 project for detection of delaminated
(debonded) asphalt pavement layers being conducted by the National Center for Asphalt Technology (NCAT) at
Auburn University. Research wasnducted on an initial blind basis by Olson Engineering of an asphalt pavement
test section with debonded asphalt layers from shallow to greater depths. Bdlsedommising resultsurther
research and development was conducted to expand thesyges from one pair of scanning wheels to 3 pairs.

The expanded BDS was then tested again at the NCAT track and the debonded asphalt areas were detected with very
good accuracy. The expanded BDS system was then used on actual delaminated asphalt higiwext pa
sections in Florida and Kansas to evaluate the performance of the system and further improve it for detecting
debonded asphalt conditions.

INTRODUCTION

Most of the conventionally reinforced concrete bridges in the nation were built between 195878nl).
After 1970, the proportion of prestressed concrete bridges has been increasing steadily (1). As traffic flow
increases and heavier truckloads are permitted, older bridges can become deficient. In addition, environmental

! Principal Engineer

2 Associate Engineer

% SeniorProject Engineer
* Project Engineer


mailto:ldolson@olsonengineering.com

Engineering Mechanics Institute Conference (EMI20Tihkey, Olson, Hergert

attacks including fremethaw degradation and intrusion of chloride ions from deicing salts can cause active
corrosion of reinforcing steel. Although current concrete mix designs and components are much more resistant to

the forces of deterioration than older concrete, thezestill problems with older bridges (2). Chase and Washer

showed that there are more than 19,000 structurally deficient concrete bridges in the US in 1997 and the most
serious types of deteriorated structural elements include decks, superstructurstroctsub (1). Corrosion of
reinforcement leading to concrete deck delaminations is a major maintenance repair/replacement cost for state
DOT6s and accurate mapping of top and bottom del amina
Federal Hghway Administration (FHWA) requires all bridges to be inspected at least every two years (2). The
inspection of concrete bridge decks typically includes a delamination survey (with chain dragging for acoustic
sounding that detects top rebar delaminatiomly), chloride sampling, phenolphthalein testing for carbonation

depth, reinforcement concrete cover depth and core sampling. The drilled cores are also used to determine the
Aisoundnesso, strength and t hi c khngeomspansdns with NDEtresultsy dec k ¢

This paper first summari zevuat eds Bai diyep Dejckc tSctaintnlee
NCHRRIDEA program. Secondly, further advancements of the technology to evaluate delaminated (debonded)
asphalt pvement layer conditions are briefly presented. The adaptation of the technology to asphalt by the authors
was part of a Strategic Highway Resrch Program SHRP R06(D) project conducted by the National Center for
Asphalt Technology under the directiaf Dr. Michael Heitzman of Auburn University. @&mMNCHRRIDEA
research project focused on the development of technologies moving toward rapid inspection that can provide the
following information about the bridge deck: (1) top and bottom delamination ngpfd) internal conditions;
including cracks, crack depth and concrete deterioration mapping; (3) thickness profiling and (4) stiffness/structural
integrity of the deck.

BACKGRO UND OF NDE METHODS APPLICABLE F OR BRIDGE DECKS

Sounding Common chain coidurations consist of four or five segments of 1 inch (2.54 cm). links of chain
that are approximately 18 inches (45.72 cm). long (3). Distinctive hollow, drummy sounds are produced by chain
dragging which are indicative of shallow delaminations. Othevestigators have combined the chain drag
apparatus to a microphone in an attempt to standardize and automate the evaluation (4). Although chain drags or
hammer sounding are simple to use, most of the damage mapping is at the discretion of the opduoatlifetent
levels of experience and hearing among operators. In addition, delaminations located deeper than 3 to 4 inches (7.6
i 10.2 cm) are hard to detect by acoustic sounds generated due to flexural resonant vibrations of the delaminations.

Impact Echo (IE) Method The IE method involves hitting the concrete surface with a small impactor (or
impulse hammer) and identifying the reflected wave energy with a displacement (or accelerometer) receiver
mounted on the surface near the impact point (5@llowing the impact, the resulting displacement or acceleration
response of the receiver is recorded. Although the resonant echoes are usually not apparent in the time domain,
they are more easily identified in the frequency domain (linear displacenamitusp). Consequently, the time
domain test data are processed with a Fast Fourier Transform (FFT) which allows identification of frequency peaks
(echoes). If the thickness of a slab is known, the compression wave velocity (Vp) can be determined by the
following equation:

Vp = 2*d*f/ b Q)
where d = slab thickness, f = resonant frequency peak
0.96 for concrete slabs (5,6).

Spectral Analysis of Surface Waves (SASW) Methodlhe SASW methodses the dispersive characteristics of
surface waves to determine the variation of the surface wave velocity (stiffness) of layered systems with depth (7).
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Shear wave velocity profiles can be determined from the experimental dispersion curves (surfacelauiye

versus wavelength) obtained from SASW measurements through a process called forward modeling (an iterative
inversion process to match experimental and theoretical results. Materials that can be tested with the SASW
method include concrete, aspithaoil, rock, masonry, and wood. Applications of the SASW method include, but

are not limited to: 1) determination of pavement system profiles including the surface layer, base and subgrade
materials, 2) determination of seismic velocity profiles neddediynamic loading analysis, 3) determination of
abutment depths of bridge substructure, and 4) conditioesseent of structural concreteSASW can also
measure crack depths (for cracks perpendicular to the surface) in bridge decks. The SASW sssthibé u
dispersive characteristics of surface waves to evaluate concrete integrity with increasing wavelength (depth). Open,
unfilled cracks will result in slower surface wave velocities. Weak, fire damaged and poor quality concrete (less
stiff/lower elastic moduli) also produce slower surface wave velocities.

Transducer Studies.Several types of nenontact and rolling contact transducers were studied throughout the
research. Nowgontact transducers included in this study were microphones, lasemeiers and microwave
transducers. Note that naontacting excitation of the concrete surface has been used in past studies (8) but is of
less interest in this research project due to the relative ease of employing contacting solenoid impacts for. excitati
Non-contact transducers are of significant interest because they may allow the evaluations to be performed more
rapidly, which would allow greater speeds of a vehicle mounted bridge deck scanner. Of-aetintzmt
transducers, microphones have bperhaps the most researched for IE and SASW testing (8, 9, 10, 11, 12 and 13).
In general, norcontact IE testing using microphones has proven to be more difficult thacontarct surface wave
testing because the separation of the impact source andphvom receiver is much less than in surface wave
testing, which leads to interference from the direct air wave (10). The spacing between the receiver and impact
source is critical in impact echo testing because the excitability of the S1 Lamb wave rimtheisvthe impatc
echo resonance in a slalructure (14), decreases drastically as the saeam@ver spacing increases (15). An
additional complication is the need for a longer time signal in the impact echo test to determine the resonance,
whereas oftn times in surface wave testing only the first arrival (1st wave cycle) is considered, thus enabling sharp
windowing functions to remove unwanted direct airvevarrivals. Zhu and Popovidemonstrated that sound
insulation material can be used for stliety purposes to encapsulate (open on one end) the microphone receiver and
reduce the direct airave energy detected by it (10).

A preliminary experiment using microphones as -nontact transducers for the IE and SASW tests was
performed on a 4% inch (L0.27 12.7 cm) thick concrete slab. For the IE tests, both a microphone and a
traditionally used contact accelerometer (grease coupled for mounting) were used side by side for comparison
purposes. The microphone used in this study was an ADH S@all Capsule Condenser Microphone with an
external 48V Phantom power supply. The studies included looking at the effects of the separation distance between
the source and receiver so that the direct interference airborne wave can be excluded (after 1%pmaitit au
solenoid impactor was applied at 1 inch (2.54 cm) intervals, starting at 4 inches away through 24 inches (60.96 cm)
away from both transducers.  When the microphone was close to the impact source, two wave modes (airborne
and lamb waves) blendedgether in the IE waveform. When the source was further away from the microphone,
the two wave modes could be separated to eliminate the airborne wave. However, the quality of the IE data from
the microphone is not as good as those from the accelerometer

For the SASW tests, two microphones of the same kind were used -aemntant transducers. The distance
between the two microphones was 4 inches (10.1 cm) and a solenoid impactor was used as an impact source.  The
microphones were mounted 3 inch@&s(cm) above the concrete slab and the source was located between 8 and 18
inches (20.3 and 45.7 cm) away from the closest microphone. Good quality SASW data (top trace in Figure 1)
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with a good coherence up to 10,000 Hz (2nd trace from top in Figuraslgaptured by both microphones. Note
that the SASW data shown in Figure 1 were exponentially windowed after the large amplitude surface wave pulse
traveled by them to eliminate other wave vibration modes. The surface wave velocity can be calculateg from
phase plot (3rd trace from top in Figure 1) as a function of wavelength (velocity = frequency x wavéi@ngth
The surface wave velocity is calculated to be approximately 7,000 ft/sec uniformly from wavelengths of 0.2 to 0.4 ft
(6.1 to 12.1 cm) aseen in the last trace in Figure 1 which showed good agreement with the results from contacting
displacement transducers.
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Figure 1i SASW Data Processing from Na@ontact Microphones
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Non-contact Laser Vibrometers Laser vibrometers measure vibration using the Doppler shift effect and
generally have a wide frequency range and excellent vibration resolution which are well suited to indoor laboratory
testing. In addition the laser vibrometer has an ability to medsgre vibration frequencies (up to 100 kHz
depending on the unit) which make it suitable to measure surface waves in materials (16). A significant drawback
of laser vibrometers is their cost, which typically ranges from $10,0880,000 for a single reser.  Abraham
et al. performed a successful study in which an extreme number of repetitive surface wave tests were performed on a
variety of concrete samples using a laser vibrometer receiver mounted on a semiautonomous robot (17).  The laser
vibrometerhas also been successfully implemented as a receiver for impact echo testing on concrete structures (18
and 19). In this preliminary experimental study, a laser vibrometer unit was rented from Polytec, Inc. The
maximum Doppler frequency that the unincacquire is 22 kHz. In this experiment, both a laser vibrometer and
an accelerometer transducer were used as receivers. The laser vibrometer was attached to a tripod 40 inches (101.6
cm) above the tested concrete slab. A small Allen wrench was usedirapact source.  In this case, a normal
concrete velocity of 12,000 ft/sec was used to calculate the IE thickness. The left traces of Figure 2 show the IE
data from the laser vibrometer on a 4.5 inch (11.4 cm) thick concrete slab and the rightf tFégee® show the
IE data from the displacement transducer on an adjacent location. The top traces of Figure 2 are the time domain
IE data and the bottom traces are the linear spectrum of the time domain data. Review of Figure 2 shows that the
resultsfrom the laser vibrometer are as good in quality as the data from a displacement transducer.
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Figure 27 Comparison of |IE Data from a Naontact Laser Vibrometer and Ground Contact Displacement
Transducer on a 4.5 inch (11.4 cm) thick Concredds-8h-Ground

In an attempt to simulate a slewoving scanning test, a test configuration was devised for movable IE tests
which included the negontact laser vibrometer mounted on a moving tripod (a tripod with wheels). In this setup,
a laser vibrometer anddahautomated solenoid impactor from the handheld Impact Echo Scanner (see Figure 5) were
used on a smooth 4 inch (10.1 cm) thick concrete slab. Figure 3 shows the laser vibrometer attached to a movable
tripod (with 3 wheels) and the automated impactoth@a IE scanner) attached to the bottom frame of the tripod for
the IE test.  The IE scanner was attached to the frame of the tripod, therefore the IE scanner rolled at the same
speed as the tripod moved. As it was rolled, the automatic solenoid imgugedtthe concrete slab approximately
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every inch along the scan line distance and the laser vibrometer constantly measured the Doppler shift that
corresponded to vibration induced displacements in the slab. The unpublished IE results from the slogvly and v
smoothly moving laser vibrometer shows good quality IE data with a corresponding IE thickness of approximately
4.3 inches (10.9 cm). However, experiments with the laser vibrometer for IE scanning on rougher surfaces
produced poor quality IE data whichakes the use of the system very problematic for concrete decks which are
typically much rougher than industrial slatas-ground.

The only rolling contact transducers used [ acervibrometer
commercially in IE tests is the rolling displacement
transducer for Impact Ech8canning. The rolling
Impact Echo Scanner (IES) was first conceived by the
second author in the 19906
method (5 and 6). To expedite the IE testing process,
an Impact Echo Scanning (IES) device has been
developed with a rolig transducer assembly
incorporating multiple sensors, attached underneath
the test unit. When the test unit is rolled across the
testing surface, an optocoupler on the central wheel
keeps track of the distance. This unit is calibrated to
impact and reaal data at intervals of nominally 1 inch
(2.54 cm). If the concrete surface is smooth, a
coupling agent between the rolling transducer and test
specimen is not required. However, if the concrete
surface is rough, water can be used as a liquid
couplant. A comparison of the impa&cho scanner
and the point by point impaecho unit is shown in

Movable Tri-pod

Figure 4. Typical scanning time for a line of 157 An automatic solenoid impactor (within the Imp'\ct
inch (4 m), approximately 150 points, is 60 s with aEcho Scanner device) attached to the frame of the tri-pod
resolution of 1 inch (2.54 cm) along a scan line.

Figure 3i Test Setup for Impact Echo Scanning

Figure 41 Comparison between an Impact Echo Scanning
Unit and Point by Point Impact Echo Unit
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Transducer Selection for the Prototype Bridge Deck Scanner (BOSg pros of the neeontact microphone
arethe inexpensive cost of the system and the ease of mounting. However, the cons include the poorer data quality
when used to acquire IE data.  The laser vibrometer provided excellent data quality when used to acquire IE data
on a smooth concrete surface-dowever, the system is costly albecomes less economical whenltiple laser
vi brometers are required, and did not wor k wel | on ro
prior experience in the rolling displacement transducer wheethendost of the displacement transducer, ground
contacted displacement transducers were selected for the prototype BDS.

DEVELOPMENT OF A BRI DGE DECK SCANNER (BDS) PROTOTYPE

The design and development of the BDS prototype involved the fusion of knovgautgeel from the literature
review, discussions with other researchers, the extensive prior experience with the test methods and equipment, and
preliminary investigations with necontact transducers as well as significant mechanical and electrical remegrch
development. In addition, since microphones are inexpensive;amiact microphones were also incorporated as
additional, norcontacting receivers in the BDS system.

The BDS wheel shown in Figure 5 was designed to include six piezoceramic displadesmnsducers with
adjacent solenoid impactors at 6 inch interval spacings, resulting in a wheel circumference of 3 feet (91.4 cm) for a
diameter of approximately 11.5 inches (29.2 cm). The six inch transducer/solenoid impact spacing was considered
to provide relatively close measurement intervals consistent with a high data resolution bridge deck survey. The
thin urethane wheel cover was added to protect the transducers, prevent dirt from entering the sensor housing and
more importantly to increase s contact area and coupling. Six solenoids per wheel were used in the design.
The solenoids were mounted to the side of the rolling transducer wheel in line with the sensor element, instead of
suspending a single solenoid from the BDS frame, thus iagstire solenoid height (distance between bridge
surface and solenoid) remained constant to improve test consistency. A similar approach was taken with the
electronics to power and acquire data from the sensors; instead of having a single very congmexaysed
independent of the rolling wheel, six small circuits were designed and incorporated into the wheel itself. This
system has many advantages: first it reduces the numbe
assembly; second ihakes the system more modular and robust where a single small component can easily be
replaced if broken or damaged; and, third it makes the system more economical and simpler to produce six identical
circuit boards than one large complex board.

Slip ring hub
assembly On board

electronics

Thin urethane tire

: "Solenoid Impactor for
Embeded displacement IE. SASW. and

transducer Displacement transducer retaining screw

Automated Sounding Tests

Figure 5- Bridge Deck Scanner Transducer Wheel (left picture is of the hub assembly side/outside and the right
picture is of the inside of the axle hub with dust cover removed)
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With one transducer wheel, the BDS can perform only the IE test. To perform the ®46\nt identical
transducer wheel oriented, synchronized and timed in a transverse (across the bridge lane) line was added to the
BDS. As can be seen in Figure 6, the transducer wheels were mechanically connected ushantwalip
couplers that woul allow the wheels to move up and down independently and remain rotationally aligned such that
one transducer from each wheel was in contact with the bridge deck surface at the same time. For SASW testing,
the solenoid of the second wheel would be turofdo that only one solenoid was firing at a time. The second
wheel would become far transducer wheel (far from the impactor) that measures the SASW data only. The wheels
could also be offset 30 degrees apart in rotation and the solenoids on both twirel on to allow IE only testing
on both wheels simultaneously (to perform two IE scan lines simultaneously) . A noncontact microphone was
attached to a frame adjacent to an impactor. The purpose of the microphone is to perform an Automated Sounding
test by #Alisteningdo to the shallow del amination.

Figure 6i Prototype Bridge Deck Scanner (BDS) with Two Transducer Witef$zt for IE, aligned for SASW)

A steel beam was attached to the towing hitch of the vehicle in the tramslmstion as shown in Figure 7.
The beam had trailer ball hitches at 1 foot spacings and would allow test runs to be performed at any 1 ft (30.48 cm)
interval location across a lane. An example BESscan line test result is presented in Figure 8r(filo new
bridge). Similar data sets were combined to produce thelBD®sults plots discussed later herein for the 1st
StreetBridge which had delaminations.The BDS unit has also been towsghadacros bridge decks usingaart.
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Figure 7i Prototype Vehicle Mounted Bridge Deck Scanner (BDS) on 1st Street Bridge in Casper

EXPERIMENTAL PROGRAM FOR BRIDGE DECK SCANNER (BDS)

The prototype BDS system was used on a 7 inch (11.78 cm) thick (design thickness) bare concrete deck of the
1st Street Bride in Casper, Wyoming. Only the two ebstund lanes were evaluated during the field investigation.
The bridge is curved and skewed at both ends, with a centerline distance of approximately 357 feet (108.7 m) and a
deck width of approximately 36 ft (10rf) between curbs. Note that the concrete deck slab areas on top of girders
are a couple inches thicker than the nominal thickness since the slab was thickened to bear on the steel girders.

BDS Testing the Concrete Deck of the 1st Street Bridgghe BDS prototype was used on the 1st Street
Bridge to determine the deck damage conditions and locations. Note that etlemtnuctive evaluation methods
including Ground Penetrating Radar (GPR) and Infrared Thermography (IR) were used on this bridge.er Howev
the test results from other techniques are not discussed herein. The BDS unit was hitched behind a truck and the
data acquisition system (controller) was placed on the tailgate of the truck (Figure 7). A maximum speed of 1 to
1.5 mph (1.6i 2.4 km/how) was achieved for the testing in order to maintain good data quality. The BDS
prototype performed Impact Echo tests using one transducer/impactor wheel in a line and SASW tests were
conducted using both transducer/impactor wheels simultaneously. gresim performed in test runs the full
length of the bridge deck with a transverse spacing of 1 foot (30.48 @&n)example result for one IE scan line is
shown in Figure 8. Thickness echo data shown on the left includes an approach slab from 0 t® 20 &1 m)
followed by 80 ft (24.38 m) of the bridge deck. The time domain signal in the upper right and its corresponding IE
thickness echo frequency spectra in the lower rigtiig. 8 In some areas of the bridge significant gravel was
present on th roadway and brooms were used to sweep the surface so it was free of debris.




Engineering Mechanics Institute Conference (EMI20Tihkey, Olson, Hergert

J. Final Fire Bridge with comrect distance.dat - IES

File Edit View Acquisition Analysis
0D & & By

Plot IE Scan Functions Microphone Scan Functions SASW Funtion Help
2 || B M g

ANALYSIS MODE Scan Line Dist. |83 ft.  Window Type = | Band Fass

Fire 1 -- Line 31

j Decay =|0

Apply All | Unfilter | % of Clipped DAta =

Waveform

=
=

Amplitude (Vok)
R S T S

=
o

2000 4000 6000
Time [Micro Second)

Spectium - F = 10058 Hz

=
-,

i
sttt

2

0.00;

Anpltude Vol)
8 8 8 §

2

|
i

10000

0 10000 20000

Frequency (Hz)
Thickness =[g.05  Record # [576 Glx 1
1
30

© = s,
e At s_sobte I

I | I 1 1 | l i
12 18 20 22 24 26

5

M 18 2
Thickness (inches)

| Prev Line | Next Line |

Dist from Line 0 = |31 ft

40000

50000

IE Scan | Einish and Save|

Figure 8- Example Impact Echo Scanning Results from the BBSystem on a new bridge.

Test Results from the 1st Street Bridge Deck Using the Prototype Bridge DedkeScéindings from the
prototype BDS include test results from the IE component of the system in terms of delamination mapping. Test
results from the SASW testing are not included herein since the bridge deck did not have significant cracking
damage suctas alkalisilica reaction, freezthaw or fire damage which would have reduced the structural
stiffness/integrity (lower elastic moduli) of the concrete deck. The full range of grapbhoaldepthest results
from the IE component of the BOSpresengd in Figure 9. The plot is a surface thickness tomogram presented in
a 3D thickness tomogram to elaborate all conditions including top and bottom delamination of the tested concrete

deck. The color thickness/echo depth scales range from 4 to 17 in€he$ @3.2 cm).

The majority of the
indicated anomalies are predominantly top delaminations based on the test(resultel i c at e d

by appar e

echoes of 13 inches and greater due to the delamination flexural respoftse)green color representgas where

the thickness results ranged from 7.5 to 9 inches (22 . 8
echoes indicative of normal thickness deck areas.

cm) indicati

vV e

fisound conc

Note that although the design thickness of the deck was 7 inches,

drilling from 15 locations on the deck showed that the actual thickness of these areas ranged beiw@arcies.
Dark green and light blue represent areas with greater thickness echo results of approxititatah@s (22.8
25.4 cm) which were typical from ag with thickened slabs over the steel girders underneath the deck (note linear

features in Figure 8 of these colors).

associated with the lower frequency flexural responsaBBDS| E s canni ng

t hat

Purple, Gray, and black colors represent areas with top delaminations that are

correspongd

echo depths and reflect the hollow, drummy sound of shallow delaminations identified in acoustic chain dragging

sounding).
bottom delamination or internal cracks.

Yellow and red colors represent areas with thinner thickness results oiketpraréas with either

The full depth BDS IE scanning results are presented in FigureA shallow delamination map of the bridge
deck by the BDS IE system and the delamination map from chain drag sounydihg Wyoming DOTare
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presented in Figure 10 for comparisorthe quantity of probable delaminations detected from the BDS was
estimated to be 1,004 sq ft (93.27 sq meter) or 11.1 percent of the tested deck surface area which compares well with
the results fom the acoustic chain drag sounding. In addition, review of FigwHs réveal a more precise
delineation of deck integrity/delamination/thickness conditions to within 0.5 sq ft (0.046 sgq meter) of deck damage
conditions with both top and bottom delamioa and other deck integrity information from the IE component of
the BDS. The IE echoes shown in blue which appear as 5 horizontal lines in Figure 9, are due to increased
thickness echo depths from the thickened slab over girder areas. This furitfeesahe accuracy of the Impact
Echo scanning data obtained by the BDS prototype.
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Figure 10i Impact Echo Test Results from the BP®ototype from the 1st Street Bridge Deck Showing Top
Delamination Mapping Compared with the results from Acoustic Sounding by Chain Dragging (top delaminations
shaded} Probable Top Delamination Area from BBES tests = 1,004 sq ft (11.1%)

PRELIMINARY B DS RESULTS FOR NDE OF ASPHALT PAVEMENT DELAMINATIONS

The Bridge Deck Scanner (BDS) was evaluated as part of the Strategic Highway Research Program 2 (SHRP 2)
RO6(D) research grant entitled fANondestr uatsiovewhTecsht iinsg
being conducted by Dr. Michael Heitzman of the National Center for Asphalt Technology, Auburn University. The
project background and objectives of the SHRP 2 R06(D) project are as follows:
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AiPr oj ect -Eaecoktlyermora semous problsrthat can occur in haohix asphalt (HMA) pavements is
delaminations between HMA layers. Several instances have been documented where pavements with delamination
problems have experienced significant early damage. The presence of undetected delamindfmns a
discontinuities in asphalt pavements also provides paths for moisture damage and development of other distresses
including stripping, slippage cracks, pavement deformation, and reduction in pavement strength. Delaminations are
also key contributorsottopdown cracking of HMA pavements. A rapid nondestructive test method is needed to
determine the existence, extent, and depth of delaminations and/or discontinuities in asphalt pavements so that the
appropriate rehabilitation strategy can be determined.

Objectives- The main objective of this study is to identify and develop nondestructive testing (NDT) techniques
that are capable of identifying and determining the extent and depth of delaminations and discontinuities in HMA
pavements. To achieve thifjective the researchers shall determine key indicators that may be used to identify
potential areas of delamination including lack of bond, stripping, and other causes. The NDT techniques developed
under this project should provide rapid results withr i€8% continuous coverage of the pavementarea.

Application of Bridge Deck Scanner to Asphalt Pavement Delaminatiofise initial research involved
evaluation of both laboratory and fdtale pavement sections with constructed delaminations at td NC
laboratory and test track at Auburn, Alabama. Based on this research, Impact Echo and Spectral Analysis of
Surface Waves scanning with the BDS showed sufficient promise that the technology was selected for further
evaluation in the second field phadetloe project and the BDS was expanded from 1 gaiwheels to 3 pairs of
wheels. The BDS was subsequently evaluated with the 3 wheel pairs at the NCAT test track and asphalt highway
pavements in Florida and Kansas (shown on the Kansas pavement bBigarin11). The wheels were spaced at
0.5 ft (0.15 m) apart for combined IE/SASW testing and shifted across the rear of the truck to test a whole lane in 2
passes.

Figure 11i Bridge Deck Scanner on Kansas Asphalt Pavement site wisliv8 ¢f wheels spaced 0.5 ft (0.15 mm)
apart for combined Impact Echo and Spectral Analysis of Surface Waves scanning



