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NONDESTRUCTI VE TESTI NG OF CONCRETE
W TH ULTRASONI C PULSE- ECHO

PURPOSE: To provide information on the U trasonic Pul se-Echo (UPE) systemas a
nondestructive technique to determne the quality and condition of surface and
interior concrete in the dry or underwater

| NTRODUCTI ON: Scientists at the U S. Arnmy Engi neer \Waterways Experinent Sta-
tion (VWES) recently devel oped a nondestructive technique for "seeing into"
concrete. This technique, known as UPE, is an acoustic nethod based on intro-
duci ng ultrasonic stress waves into concrete with a piezoelectric el enent.
Both signal generation and detection are acconplished with piezoelectric crys-
tals. For decades, UPE has been routinely used in the fields of nmetal test-

i ng, underwater detection and ranging (sonar), as well as for testing and

eval uati ng ot her honogeneous and fine-grained materials. At WES, this tech-
nol ogy was adapted to concrete through the devel opment of specialized hardware
and software. The system works especially well on concrete walls or sl abs
with a thickness of | ft or less. Structures such as sea walls, pavenents,
wal I s, floors, parking garages, bridge decks, etc. are ideally suited for this
device. The diagnostic capacity of this device represents a significant

br eakt hrough for evaluating a difficult nonhonmbogeneous conposite material such
as concrete.

DEVEL OPMENT: A literature search for nondestructive test nethods for con-
cretes reveal ed that nore pul se-echo research was needed. A comercial system
for maki ng pul se-echo neasurenments could not be found on the narket.

Figure 1. Illustration of the ultrasonic pul se echo
techni que concrete plate el ement.
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Al t hough i nvestigators had made sone progress in understanding the probl ens
associ ated with the devel opment of pul se echo for concrete, the heterogeneous
nature of concrete and the state-of-the-art of ultrasonic materials and tech-
ni ques had prevented devel opnent of a practical systemlike that used for
honbgeneous materials. Literature revealed that resolution was poor because
of long pulse lengths (high Q value) for the transducers. Investigators had
problenms with interfering Rayl eigh waves at | ow frequencies. Signal-to-noise
rati os (SNR) ranged fromonly about 2 to 6. An earlier pul se-echo system the
Chio State University device, had a diameter of 18 in. (457 mm) and a mass of
40 | b (18 kg). Measurenents showed extraneous signals other than the desired
| ongi t udi nal node because of nobde conversion in the transducers. Also, trans-
ducers | acked the proper focal length, directivity, and sensitivity. Research
at WES resulted in the devel opnent of a pitch-catch systemthat operates at a
center frequency of 200 kHz with a signal to noise ratio of 18. The nass and
di mensi ons of the inproved system have been reduced 90% fromthe prior state-
of -the-art system The present systemworks well for making thickness nea-
surenments of portland-cenent concrete floors and walls, and it can indicate
the presence of voids to a depth of approximately 12 in.

PRINCI PLE OF OPERATION: An ultrasonic (acoustic) wave is generated by exciting
a piezoelectric material with a high-anplitude, transient electrical pulse
froma high-voltage, high-current pulser. The short burst of ultrasonic
energy fromthe crystal is transmitted into the concrete and inpinges upon the
various interfaces within. The change in acoustic inpedance at the various
interfaces, air voids, water-filled voids, reinforcing bars, cracks, del am na-
tions and other interfaces or inclusions within the concrete causes a portion
of the input energy to reflect (echo) back to the surface. There the energy
is detected by a second piezoelectric elenent. A larger portion of the

energy continues to travel forward, strike other interfaces and return an
anmount of energy based on (1) the area of the reflecting surface, (2) the
angle of the reflecting surface, and (3) the acoustic inpedance of the
reflecting material. The tine for the echo to return is neasured with the

ULTRASONIC PITCH-CATCH

Transmitter = Receiver

Concrete /
Cross~Section

Figure 2. Measurenent of tinme-of-arrival (TQA) of backwall echo using |ead
nmet oni abate as transmtter and pol yvinyl dene fluoride (PVDF) as receiver.
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accurate time base of an oscilloscope. The conplete signal is stored on mag-
netic disc and can be retrieved at any tine for further analysis.

It is a well-known fact that the ultrasonic pul se velocity of concrete is a
very good indicator of its condition. For a known thickness of concrete (such
as a bridge deck for exanple), the velocity (v) of the concrete can be deter-
m ned by the equation v " 21/t where | = thickness of the concrete, and 21 is
the two-way travel distance of the ultrasonic pulse and t = tinme of arrival of
backwal | (BW echo.

Cenerally the concrete in the structure will have a very narrow range of
velocity when it is sound because the structure generally consists of one
concrete design mxture. 1In localities where deterioration or mcrocracking
has taken place, the concrete will have a noticeably reduced velocity.

APPL| CATI ON: Prelimnary tests with the UPE systemon a concrete sea wall
i ndicated that the systemw ||l pinpoint |ocations where the concrete is sound
or deteriorated. It was found that the presence or absence of the BWecho is

significant in determining the condition of the concrete. Typical SNR s of
the BWecho fromthe nomnally 9-in. thick concrete wall was about 3 to 6.
Unsound concrete produced backscattering and di ssipation of the introduced
energy to the extent that the noise in front of the BWecho obscured or elim-
nated it altogether. |In sonme places where the concrete surface is pitted,

chi pped, corroded with barnacles, or otherw se deteriorated, surface prepara-
tion is necessary to obtain a flat surface. Even in sound concrete the BW
echo can be absent (for dry surface neasurenents) unless the small air voids
bet ween the transducer face and the concrete surface can be squeezed out wth
coupl ant grease to bring about the necessary intimate contact. This is not a
probl emin underwat er neasurenents.

Al t hough about 60 to 70 percent of the available information can be extracted
fromthe raw signal nmeasured in the field, subtle information hidden by the
noise in the signal can be restored by the process of Digital Signal Process-
ing (DSP) at the laboratory. DSP is a high-technol ogy operation used by NASA
and others to recover information hidden in noise from comunications with
space vehicl es, subnmarines, satellite conmunications, etc. Plans are underway
to develop a real-time systemw th the DSP performnmed al nost instantaneously in
the field. Sone of the noise is an inherent part of the measurenment hardware
and cannot be elimnated at the current tine until the state-of-the-art of

pi ezoel ectric materials can be inproved. However, that particul ar noi se has
been analyzed in terns of its frequency conponents, and its characteristics
have been defined. Wth the known information about the noise, digital fil-
ters can be built that are capable of attenuating the noise while retaining
the valid signal information hidden in the raw signal

ADVANTAGES: An inportant benefit of UPE is that it is nondestructive and can
be used in the dry or underwater. Also, significant savings are gai ned by
elimnating the bulk of coring that normally is needed. The information

gai ned from UPE eval uati on nmakes it possible to precisely map the regi ons of
quality concrete and those regions that have deterioration. Because faulty
zones can be pinpointed, repairs can be |ocalized | ess expensively.

Anot her inmportant feature of UPE is its ability to nonitor the condition of a
structure over tinme. The first set of measurements (original construction and
restored areas) can serve as baseline data that can be conpared with a set of
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data nmeasured later (1 yr, 5 yr, etc.) The baseline data is stored on mag-
netic discs (fixed or floppy) and can be retrieved and plotted either over or
adj acent to the new signals for conparison purposes. This ability to nonitor
the condition of a structure for years to cone is inportant in investigating
t he causes of deterioration, the effectiveness of renedial repairs and the
preventi on of future problens.

LI M TATI ONS: Consi der abl e engi neering judgnment is needed to properly

eval uate a nmeasurenment. M sinterpretation is possible when poor contact is
made. For exanple, in sonme cases it may not be possible to identify severely
corroded reinforcing bar in poor quality concrete. However, it is possible to
identify poor quality concrete which could be the cause of reinforcing bar
probl enms. The poor quality concrete allows the ingress of noisture and oxygen
to the reinforcing bars, and hence corrosion occurs. Presently the systemis
l[imted to penetration depths of 1 ft. Research is ongoing to develop a
systemthat can penetrate to a depth of 10 ft or nore.



